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I. — Frangaliu.     Part  II. 

By  T.  E.  Thoepe,  F.R.S.,  and  A.  K.  Miller,  Ph.D. 

In  a  previous  communication,  one  of  us,  in  conjunction  with  Mr.  H. 
H.  Robinson  (Trans.,  1890,  55,  38),  gave  the  results  of  an  investiga- 
tion undertaken  with  the  view  of  clearing  up  the  discrepancies  in  the 
statements  of  previous  experimenters  with  regard  to  the  composition 
of  franguUn  and  the  nature  of  the  products  of  its  hydrolysis.  These 
results  were  not  so  complete  as  we  coald  have  desired,  owing  to 
lack  of  material.  The  question,  however,  has  been  again  attacked^ 
and  we  now  bring  before  the  Society  the  completion  of  our  work  on 
this  subject. 

Freparation  of  FranguUn, 

In  order  to  prepare  sufficient  f  rangulin  for  our  purpose,  we  obtained 
2  cwt.  of  the  bark  of  the  alder  buckthorn,  Fhamnus  frangula^  and 
entrusted  the  prelirainarj'  work  of  extraction  to  Mr.  John  Moss, 
Galen  Works,  Deptford,  to  whom  our  best  thanks  are  due. 

The  bark  was  crushed  and  treated  in  a  percolator  wdth  low  boiling 
petroleum  to  remove  fat  and  chlorophyll.  A  portion  of  the  per- 
colated bark  was  subsequently  digested  with  ether,  but  the  loss  of 
ether  by  evaporation  was  so  great  that  the  use  of  this  liquid  was 
abandoned,  especially  as  the  extracts  thus  obtained  did  not  readily 
yield  franguUn.  The  rest  of  the  bark  was  therefore  exhausted  by 
percolation  with  methylated  spirit,  and  the  extracts  were  obtained 
partly  in  the  form  of  a  thick,  black,  tar-like  fluid,  and  partly  as  a 
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thin,  black  liquid.  This  portion  of  the  Avork  was  carried  out  at 
Mr.  Moss's  works. 

The  method  which  we  first  adoptpd  in  order  to  obtain  the  frangulin 
from  these  extracts  was  essentially  tha,t  described  in  the  paper 
already  referred  to.  The  extract  was  mixed  with  three  or  four  times 
its  volume  of  hot  methylated  spirit,  and  allowed  to  settle,  when 
little  spheres  of  crude  frangulin  sank  to  the  bottom  of  the  vessel, 
and  could  be  readily  separated.  The  liquid,  whioh  still  contained 
the  bulk  of  the  frangulin,  was  then  treated  with  lead  acetate  to 
throw"  down  the  tannin,  and  hydrogen  sulphide  was  passed  through 
the  filtrate  to  remove  the  excess  of  lead.  The  filtrate  from  the  lead 
sulphide  was  concentrated  at  as  low  a  temperature  as  possible,  under 
greatly  reduced  pressure,  in  order  to  minimise  the  hydrolysing  action 
of  the  acetic  acid  liberated  by  the  hydrogen  sulphide.  This  con- 
centrated liquid  was  set  aside  for  several  days,  during  which  time  it 
deposited  crystals  of  sulphur  and  a  certain  amount  of  crude  frangulin. 
These  were  separated  by  filtration,  and  the  liquid  was  then  evaporated 
to  dryness  with  the  addition  of  barium  sulphate  or  sand  ;  the  residue 
was  coarsely  powdered  and  sifted,  and  extracted  with  ether  in  the 
apparatus  which  had  been  previously  used  for  this  purpose. 

Owing  to  the  large  bulk  of  extract  to  be  treated,  this  process 
proved  to  be  extremely  slow  and  tedious.  After  a  few  trials  it  was 
found  that  the  precipitation  of  the  tannin  might  be  omitted,  and  the 
simplification  thus  introduced  not  only  effected  a  considerable  saving 
of  time,  but  it  also  diminished  the  risk  of  the  frangulin  becoming 
partially  hydroljsed  during  the  process.  The  bark  extract  was  merely 
evaporated  to  dryness  with  sand  or  barium  sulphate,  and  the  pow- 
dered product  exhausted  with  ether,  as  in  the  first  case.  The  ether 
was  distilled  off  from  the  extracts,  and  a  little  alcohol  added  to  the 
dark-coloured  residue  ;  the  greater  part  of  the  frangulin  separated 
after  standing  for  a  few  hours,  and  more  was  obtained  on  allowing 
the  filtrate  to  remain  for  several  days,  or  even  weeks. 

In  order  to  purify  the  crude  frangulin,  it  was  introduced  into  a 
capacious  flask,  and  fractionally  extracted  with  boiling  methylated 
spirit.  The  first  extracts  were  the  most  impure  ;  they  were  deeply 
coloured,  and  contained  emodin^  w^hich  is  comparatively  easily  sepa- 
rated from  the  frangulin,  on  account  of  its  ready  solubility  in  hot  spirit. 
The  last  extracts,  on  the  other  hand,  contained  some  foreign  substance 
which  is  but  sparingly  soluble  in  alcohol,  and  hence  it  became  very 
difficult  to  separate  it  completely  from  the  frangulin.  These  extracts 
deposited  the  frangulin  as  a  yellow^,  amorphous  powder,  destitute  of 
the  lustre  which  is  so  characteristic  of  the  pure  substance.  The  inter- 
mediate fractions,  on  cooling,  yielded  distinctly  crystalline  frangulin 
with  a  decided  lustre;   this  is  best  purified  by  several  recrystallisa- 
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tions  from  boiling  alcohol.  As  the  solation  of  the  purified  product 
cools,  the  frangulin  separates  in  a  microcrystalline  condition,  ex- 
hibiting a  magnificent  golden,  satiny  histre,  which  is  best  seen  on 
gently  agitating  the  flask.  It  appears  to  be  useless  to  attempt  to 
carry  the  purification  beyond  a  certain  point,  as  even  boiling  alcohol 
hydrolyses  frangulin  to  a  perceptible  extent,  and  the  product  thus 
becomes  mixed,  with  emodin.  Schwabe  recommends  glacial  acetic  acid 
as  the  medium  for  crystallising  it  from,  but  on  trial  we  found  that  it 
hydrolysed  the  frangulin  much  more  readily  than  alcohol.  Other 
solvents,  such  as  acetone,  benzene,  ethyl  acetate,  and  chlortlform  were 
also  tried,  but  frangulin  is  so  sparingly  soluble  in  all  that  they  are  of 
comparatively  little  value. 


Composition. 

In  the  first  paper  a  number  of  concordant  analyses  were  given,  the 
results  of  w^hich  seemed  to  indicate  that  frangulin  had  the  composi- 
tion C22H22O9.  At  the  same  time  it  was  pointed  out  that  the  amount 
of  emodin  obtained  on  hydrolysing  weighed  quantities  of  frangulin 
was  in  excess  of  that  required  by  this  formula,  and  that  it  was  more  in 
accordance  with  the  formula  C21H20O9.  The  quantity  of  frangulin  at 
that  time  obtained  was,  however,  too  small  to  enable  us  to  identify 
the  second  product  of  hydrolysis,  and  we  were  led  to  give  greater 
weight  to  the  analytical  numbers  than  to  the  result  of  the  hydrolysis 
experiments.  Hence  it  was  concluded  that  frangulin  had  the  compo- 
sition indicated  by  the  first  of  the  above  formulae. 

After  repeating  and  extending  these  experiments  with  the  larger 
quantity  of  material  which  we  have  now  been  enabled  to  prepare,  we 
have  come  to  the  conclusion  that,  owing  to  the  great  difficulty  of  pre- 
paring absolutely  pure  frangulin,  it  is  scarcely  possible  to  determine 
its  composition  with  certainty  by  analysis  alone,  for  although  it  is 
easy  to  prepare  a  distinctly  crystalline  and  apparently  pure  product, 
we  have  been  unable  to  obtain  any  definite  test  by  which  its  purity 
can  be  proved.  In  order  to  establish  the  composition  of  frangulin,  it 
is  necessary  that  the  composition  of  both  the  products  of  its  hydro- 
lysis should  be  known,  as  well  as  the  percentage  yield  of  at  least  one 
of  these  products,  and,  further,  that  these  data  shall  be  reconcilable 
with  the  empirical  formula  of  frangulin  deduced  from  its  analysis. 

We  have  now  satisfactorily  determined  the  necessary  data,  and 
from  the  results  which  we  have  obtained  we  conclude  that  frangulin 
has  the  composition  indicated  by  the  formula  C21H20O9,  which  is  that 
previously  assigned  to  it  by  Schwabe  {Arch.  Fliarm  ,  1888,  226,  569). 

The  following  are  the  results  of  a  fresh  series  of  analyses  ;  for  com- 
parison, we  append  the  mean  of  the  earlier  results:  — 
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I.  01902  gram  of  air-dried  frangulin  lost  0'0044  gram  of  water 

when  dried  at  120°. 
II.  0'4971  gram  of  frangulin  lost  0'0116  gram  of  water  when  dried 
at  120°. 
III.  0'4261  gram  of  frangulin  lost  0'0087  gram  of  water  when  dried 

at  120°. 
ly.  0'9007  gram  of  frangulin  lost  0*0205  gram  of  water  when  dried 
at  120°. 


Found. 


Calculated  for 


I.  II.  III.  IV.  Mean.  CoiHgoOg  +  iUsO. 

2-31       2-33       204       2-27         224  2-12  per  cent.  H.,0. 

I.  0"1858  gram  of  frangulin,  dried  at  120°,  yielded  on  combustion 
0-4133  gram  of  CO2  and  0-0859  gram  of  H,0. 
II.  0*2054  gram  of  dried  frangulin  gave  0-4590  gram  of  COo  and 

0-0989  gram  of  H2O. 
III.  0*1957  gram  of  dried  frangulin  gave  0-4360  gram  of  COo  and 
0-0936  gram  of  H,0. 


■Found. 


Mean  of 


I.  II.  III.  Mean.  former  results. 

C  60-66  60-94  60-75    60-78  61-20  per  cent. 

H 5-13   5-35   5-31     5-26      5-29 

Calculated  for. 


CsiH-^^Og.  C02H02O9. 

C   60-57  61-40 

H 4-80  5-11 

It  will  be  seen  that  aUhongh  our  new  analyses  do  not  differ  greatly 
from  those  given  in  the  former  paper,  they  agree  much  better  with 
the  formula  C21H20O9  than  with  C22II22O9,  although  the  numbers  for 
both  carbon  and  hydrogen  are  somewhat  high.  We  believe  that  the 
explanation  of  this  is  that  our  frangulin  contains  a  small  quantity  of 
anew  substance  w^hich  we  have  succeeded  in  isolating,  and  found  to  be 
isomeric  with  emodin.  It  differs  from  the  latter,  however,  in  being 
hut  sparingly  soluble  in  alcohol,  and  is  on  this  account  ditficult  to 
completely  separate  from  the  frangulin. 

For  the  definite  proof  of  the  composition  of  frangulin,  we  depend, 
however,  mainly  on  the  results  of  our  hydrolysis  experiments. 

Etjdrolysis  of  Frangulin, 

The  hydrolysis  of  frangulin  is  most  conveniently  effected  by  boiling 
it  with  aqueous  alcohol  containing  about  2  per  cent,  of  sulphuric  or 
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hjclro chloric  acid,  preferably  the  latter.  The  following  are  the  pro- 
portions which  we  have  found  to  answer  best : — 1  gram  of  frangnlin 
is  boiled  for  some  hours  with  a  mixture  of  35  c.c.  pure  alcohol,  15  c.c. 
water,  and  3  c.c.  concentrated  hydrochloric  acid,  or  a  corresponding 
quantity  of  sulphuric  acid.  As  hydrolysis  proceeds,  the  frangulin 
gradually  disappears,  and  a  clear,  reddish-brown  solution  is  finally 
obtained.  At  this  stage,  the  hydrolysis  is  probably  completeffeut  in 
order  to  make  quife  sure,  the  heating  is  continued  for  another  hour. 
The  product  is  then  transferred  to  a  dish,  a  little  writer  is  added,  the 
alcohol  is  driven  off  by  heat,  and  more  water  added  from  time  to 
time  in  quantity  rather  more  than  sufficient  to  replace  the  alcohol 
and  water  lost  by  evaporation.  In  this  way  the  whole  of  the  insolu- 
ble product  separates  in  a  crystalline  state,  and  is  best  collected  by 
filtration  through  a  weighed  Gooch  crucible.  The  product  is  then 
dried  at  125 — 130°  until  constant  in  weight. 
The  following  results  wero  obtained  : — 

I.  0*o667  gram  of  frangulin,  dried  at  120",  yielded  0*3732  gram 
product  (emodin)  insoluble  in  water. 
II.  2'4482   grams  of  dried  frangulin  yielded  1'6288  grams  of  pro- 
duct insoluble  in  water. 

Found.  Calculiited  for 


I.  II.       Mean.      C21H20O9.       C22II22O9. 

Yield  of  insoluble  pro-  1  /j-.r^     aa  k      at^  a  a  a.  a  nn  o 

1     ,   .        J-   \    ^       >  60  9     6d'5     dO'2         64  9  62*8 

duct  (emodrn)    ....  J 

In  calculating  the  theoretical  yield  for  the  above  two  formulae  we 
have  assumed  that  emodin  has  the  composition  C15II10O5.  This  was 
shown  to  be  the  case  in  the  first  paper,  and  the  experiments  therein 
recorded  confirmed  the  results  previously  obtained  by  Liebermann 
and  Waldstein  (Ber.,  1876,  9,  1775),  and  also  by  Schwabe  {loc.  cit.). 

It  will  be  seen  that  the  yield  of  emodin  agrees  closely  with  that 
(67'6  per  cent.)  found  iu  the  earlier  experiments,  and  is  almost 
identical  with  that  (66*0  per  cent.)  given  by  Schwabe.  For  an 
experiment  of  this  class  it  is  also  a  close  approximation  to  the  require- 
ments of  the  formula  C21H20O9.  The  fact  that  the  percentage  of 
emodin  found  is  somewhat  higher  than  that  demanded  by  theory  i.s 
easily  explained  on  the  assumption  that  the  frangulin  contained  a 
little  of  the  impurity  alluded  to  ;  this  would  necessarily  be  collected 
with  the  emodin,  and  thus  add  to  its  weight. 

In  the  hope  of  discovering  some  clue  to  the  nature  of  the  substance 
which  so  persistently  clings  to  the  frangulin,  we  made  some  experi- 
ments with  one  of  the  most  sparingly  soluble  fractions  obtained 
during  the  purification  of  the  frangulin,  as  above  described.     This 
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crude  product  was  free  from  the  satiny  lustre  wliicli  characterises 
the  pure  substance,  and  it  was  evident  that  the  impurity  which  it 
clearly  contained  must  be  very  si)aringly  soluble  in  alcohol.  On 
hydrolysing  this  crude  frangulin,  it  was  noticed  that  a  yellow  residue 
remained  undissolved.  This  was  at  first  thought  to  be  unchanged 
frangulin,  but  as  it  did  not  appear  to  undergo  any  further  change, 
it  was  filtered  off  and  boiled  with  a  fresh  quantity  of  dilute  acid  in 
alcoholic  solution.  It  was  then  found  that  the  substance  did  not 
hydrolyse,  and  was,  therefore,  not  frangulin.  It  dissolved  sparingly 
in  boiling  alcohol,  and  after  a  few  recrystallisations  from  the  latter, 
was  readily  obtained  in  golden-yellow  needles  melting  constantly  at 
202 — 203°.  This  was  evidently  the  substance  discovered  also  by 
Scbwabe,  and  which  he  found  to  melt  at  199°.  Schwabe  was  apparently 
unable  to  determine  its  composition,  but  he  states  that  it  seems  to  be 
related  to  emodin.  We  find  that  it  has,  in  fact,  the  same  composition 
as  emodin,  and  it  is,  in  all  probability,  an  isomeric  trihydroxymethyl- 
anthraquinone.  If  differs  from  emodin  in  colour,  in  melting  point 
(emodin  melts  above  250°),  and  in  the  fact  that  it  can  be  much  more 
readily  sublimed.  It  dissolves  in  concentrated  sulphuric  acid,  form- 
ing a  red  solution,  which  is  somewhat  bluer  in  shade  than  that 
yielded  by  emodin.  Unlike  the  latter,  it  is  almost  insoluble  in  cold 
ammouia,  is  sparingly  soluble  in  hot  ammonia,  is  nearly  insoluble  in 
moderately  strong  caustic  soda  or  potash,  but  dissolves  in  dilute 
solutions  of  potash  or  soda  with  a  red  colour.  Emodin,  on  the  other 
hand,  dissolves  readily  with  a  deep-red  coloration,  in  either  dilute  or 
concentrated  solutions  of  ammonia  or  the  fixed  alkalis. 

0"1649  gram  of  the  substance  lost  no  water  when  heated  at  120°, 
and  yielded,  on  combustion,  0  4042  gram  of  CO2  and  0'0641  o-ram 
of  HoO. 

Calculated  for 
Found.  C15H10O5. 

C 66-8o  per  cant.  66-67  per  cent. 

H 4-32       „  3-70       „ 


Product  of  Hydrolysis  Soluble  in  Water. 

The  filtrate  from  the  emodin,  which  contained  a  small  percentage 
of  hydrochloric  acid,  was  neutralised  with  silver  carbonate,  care  being- 
taken  to  avoid  any  great  excess  of  the  latter,  as  it  appears  to  act  as 
an  oxidising  agent  when  in  contact  with  the  neutral  solution,  A 
trace  of  silver  is,  however,  always  found  in  the  filtrate  from  the  silver 
chloride,  and  when  the  solution  is  concentrated  a  separation  of  metallic 
silver  occurs.  This  is  removed  by  filtration,  and  the  solution  further 
concentrated  to  the  consistence  of  a  thin  syrup.     When  this  is  set 
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aside  in  an  open  vessel,  so  that  further  evaporation  may  take  place 
slowly  at  the  ordinary  or  a  very  sliofhtly  higher  temperature,  crystal- 
lisation soon  sets  in,  and  after  a  short  time  the  product  becomes  a 
solid  mass  of  crystals.  If,  however,  the  concentration  be  carried  too 
far,  a  thick  syrop  is  obtained,  which  will  not  crystallise.  The  crystal- 
line product  was  washed  with  a  little  methyl  alcohol,  and  recrystallised 
from  w\ater. 

In  our  first  experiments  we  failed  to  obtain  the  sugar  in  a  crystal- 
line state,  and  this  was,  no  doubt,  mainly  due  to  the  fact  that  we 
employed  sulphuric  acid  in  aqueous  alcohol  for  the  hydrolysis  of  the 
frangulin.  Although  the  alcohol  was  considei-ably  diluted,  and  only 
a  small  percentage  of  sulphuric  acid  was  employed,  a  little  ethyl 
hydrogen  sulphate  was  produced.  After  neutralising  the  product 
with  barium  carbonate,  and  evaporating  the  filtrate  to  a  small  bulk, 
a  syrup  was  obtained,  containing  the  sugar,  together  with  barium 
ethyl  sulphate  ;  on  account  of  the  ready  solubility  of  the  latter,  its 
complete  removal  could  not  be  effected,  and  its  presence  no  doubt 
interfered  with  the  crystallisation  of  the  sugar. 

Schwabe  employed  aqueous  sulphuric  acid  containing  20  per  cent, 
of  the  latter.  We  have  also  tried  aqueous  sulphuric  acid  for  the 
hydrolysis,  and  although  it  gives  satisfactory  results  with  a  soluble 
glucoside  such  as  quercitrin,  we  do  not  recommend  it  for  quantita- 
tive experiments  with  frangulin.  As  both  frangulin  and  emodin 
are  practically  insoluble  in  dilute  aqueous  acid,  the  hydrolysis 
is  necessarily  much  slower  and  its  completion  much  more  un- 
certain than  when  a  solvent  is  used.  In  an  experiment  which 
we  made  with  2  per  cent,  aqueous  sulphuric  acid,  we  found  that  the 
hydrolysis  was  incomplete  after  several  hours  boiling,  but  that  the 
small  quantity  of  sugar  which  was  produced  could  readily  be  made  to 
crystallise. 

In  the  experiments  wnth  alcoholic  hydrochloric  acid,  we  succeeded 
in  one  case  in  obtaining  a  crystalline  sugar  from  I  gram  of  frangulin, 
and  in  a  second  case  we  obtained  a  similar  result  from  8  grams  of 
frangulin. 

Although  Schwabe  did  not  obtain  sufficient  sugar  to  enable  him  to 
determine  its  composition,  he  found  that  it  readily  reduced  Fehling's 
solution,  that  it  was  dextrorotatory,  and  that  it  did  not  ferment  with 
yeast;  and  from  these  properties  he  concluded  that  the  sugar  was  in 
all  probability  vhamnose. 

In  order  to  make  a  direct  comparison  between  fi'angulin  sugar  and 
rhamnose,  we  prepared  some  rhamnose  from  quercitrin,  and  from  the 
results  obtained  from  this  comparison,  as  well  as  from  our  analytical 
numbers,  we  are  able  to  confirm  the  correctness  of  Schwabe's  con- 
clusion. 
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We  find  that,— 

1.  The  crvde  sugar  from  both  sources  fermented  with  yeast,  though 
not  so  readily  as  dextrose. 

2.  The  crystallised  sugar  from  both  sources  did  not  yield  a  trace  of 
gas  when  well-washed,  active  yeast  was  added  to  its  solution. 

Liebermann  and  Hormanu  (Annalen,  196,  335)  likewise  found  that 
crude  rhamnose  from  xanthorhamnin  fermented  with  yeast,  whilst  the 
purified  product  did  not  ferment. 

3.  The  pure  sugar  from  f rangulin  melted  at  95 — 9G°.  Liebermann 
and  Hermann  state  that  rhamnose  melts  at  92 — 93°,  but  that  differ- 
ences of  several  degrees  occur  on  varying  the  conditions  under  which 
the  melting  point  is  determined.  A  direct  comparison  showed  that 
rhamnose  and  frangulin  sugar  melted  simultaneously  at  95 — 96°. 

4.  The  osazone  obtained  on  heating  the  solution  of  frangulin  sugar 
Avith  phenylhydrazine  hydrochloride  and  sodium  acetate  was  identical 
in  appearance  with  the  osazone  prepared  from  rhamnose,  and  both 
melted  at  180"  ;  this  is  also  the  melting  point  given  by  Fischer  (Ber., 
20,  1091)  for  the  osazone  of  rhamnose. 

5.  Frangulin  sugar,  like  rhamnose,  is  dextrorotatory.  As  the 
rotatory  power  of  this  sugar  is  low  and  the  amount  which  w^e  were 
able  to  prepare  was  very  small,  we  have  not  been  able  to  determine 
the  degree  of  rotation. 

6.  Frangulin  sugar  also  resembles  rhamnose  in  having  a  sweetish 
taste  and  in  readily  reducing  Fehling's  solution. 

7.  The  analytical  numbers  obtained  from  frangulin  sugar  and  from 
its  osazone  also  prove  that  in  composition  it  is  identical  with, 
rhamnose. 

02190  gram  of  the  air-dried  sugar  lost  0  0226  gram  of  water  when 
dried  at  105 — 110°  and  gave  on  combustion  0'3111  gram  of  COo, 
01309  gram  of  E.G,  and  O'OOll  gram  of  ash. 


Water  of 

crystallisati 

Found. 

43-44 

7-44 

on.. . 

Calculated  for 
Found.              CgHjgOs  +  HgO. 

10-32             9-89  per  cent. 
Calculated  for. 

C 

H 

Cr,H,20, 

43-90 

7-31 

CfiHisO, 

40-00 

6-67 

'• 

C;H,A. 

4719 

7-86 

The  fact  that  our  sug-ar  yielded  a  trace  of  ash  showed  that  it  was 
not  absolutely  pure,  but  as  the  quantity  of  recrystallised  product 
amounted  only  to  0*4  gram,  further  purification  was  not  possible,  and 
the  analysis  is  sufficient  to   show  that  whilst  its  composition  agrees 
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with  that  of  rhamnose,  it  differs  widely  from  sugars  of  the  formula 
C6H12O6  and  CtHuOo,  the  latter  being  tlie  formula  of  the  sugar  which 
might  be  expected  if  the  composition  of  frangulin  were  O02H22O9. 

The    osazone    of    the   sugar  was    purified  by  crystallisation  from 
aqueous  alcohol,  and  yielded  the  following  results  on  analysis : — 

I.  0-1490  gram  of  the  substance  (dried  at  IOC")  ^ave  on  combustion 
0-3459  gram  of  CO2  and  00898  gram  of  H.O. 
II.  0  0850  gram  of  the  dried  substance  yielded  12*2   c,c.  of  moist 
nitroo-en  measured  at  20-2°  and  768  mm.  bar. 


FouTid. 

63-31 

Calculated  for 

c .... 

C18H02N4O3, 

i.e.,  osazone 

from  rhamnose 

63-15 

60-33 

C1UH.4N4O3. 
64-41 

H.... 

6-69 

643 

6-14 

6-78 

^  .... 

16-57 

16-37 

15-64 

15-25 

Conclusions. 

The  results  recorded  above  prove  conclusively  that  the  sugar  ob- 
tained on  hydrolysing  frangulin  is  rhamnose. 

It  is  also  known  that  the  other  product  of  hydrolysis  is  emodin, 
C15H10O5,  and  from  the  percentnge  yield  of  this,  it  is  clear  that  one 
molecular  proportion  of  frangulin  yields  one  molecular  proportion  of 
emodin  and  consequently  also  one  molecular  proportion  of  rhamnose. 
If  we  add  together  the  empirical  formulae  of  the  two  products  of 
the  hydrolysis,  and  from  the  product  C22H22O10  subtract  the  elements 
of  water  which  must  have  been  taken  up  during  the  process  of 
hydrolysis,  we  arrive  at  the  formula  C21H20O9  for  frangulin,  which,  as 
we  have  already  shown,  agrees  best  with  its  percentage  composition. 
We  conclude,  therefore,  that  there  can  no  longer  be  any  doubt 
that  the  formula  C2iH2o09,  which  was  first  assigned  to  frangulin  by 
Schwabe,  is  correct,  and  that  his  equation 

C2xH,o09    +    H2O    =    C,,Hu,05    +     C6H,205, 

truly  represents  its  hydrolysis. 
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No.  VI.  The  Electrolysis  of  Potassium,  Acetate  Solutions. 
Bj  T.  S.  Murray,  D.Sc. 

\yHEN  an  aqueous  solution  of  an  acid  or  of  a  salt  is  electrolysed, 
there  occurs  a  migration  of  the  electropositive  hydrogen  or  metal, 
as  the  case  may  be,  towards  the  negative  electrode,  and  of  the  electro- 
negative residue,  the  acid  radicle,  in  the  opposite  direction  towards 
the  positive  electrode. 

At  the  respective  electrodes,  these  so-called  ions  give  up  their 
electric  charges  and  become  chemically  free.  Whatever  view  may 
be  taken  as  to  the  nature  of  the  mechanism  by  which  the  electrically 
charged  ions  find  themselves  at  the  electrodes,  it  remains  that  the 
part  of  the  electrolysis  of  chemical  import  is  the  discharge  of  the  ions 
on  their  reaching  the  electrode  of  opposite  charge.  The  ions,  freed 
from  their  charges,  are  in  general  incapable  of  existence  as  such  ; 
hence,  subsequent  chemical  changes  take  place  resulting  in  the  forma- 
tion of  more  stable  compounds.  Perhaps  the  simplest  type  of  elec- 
trolytic decomposition  is  where  the  discharged  ions  combine  with 
themselves  to  form  molecules,  as  in  the  instance  of  the  electrolysis  of 
aqueous  hydrochloric  acid;  here  the  single  hjdrogen  atoms  unite  to 
form  molecules,  and  similarly  with  the  chlorine  atoms.  Very  often, 
however,  the  accompanying  chemical  reactions  are  such  as  give  rise 
to  products  differing  entirely  from  the  original  ions.  Besides  being 
able  to  unite  with  one  another,  the  ions  may  suffer  decomposition 
into  simpler  compounds,  or  they  may  react  on  water,  or  on  the  elec- 
trolyte, or  they  may  become  oxidised  or  reduced,  and  so  forth. 

Examples  of  these  differences  in  behaviour  are  to  be  found  among 
many  inorganic  acids  and  salts  ;  but  it  is  in  the  electrolysis  of  organic 
acids,  owing  to  the  presence  of  large  and,  it  may  be,  easily  oxidisable 
groups,  that  the  most  complicated  secondary  reactions  occur.  The 
electrolysis  of  potassium  acetate  exemplities  this.  When  a  very  dilute 
aqueous  solution  of  potassium  acetate  is  electrolysed,  the  electro- 
positive potassium  ions,  on  being  discharged  at  the  cathode,  react 
with  the  water  to  form  caustic  potash  and  an  equivalent  of  hydrogen, 
Avliich  is  evolved  ;  and,  similarly,  the  electronegative  CHs'COO  ions, 
or  acetions,  discharged  at  the  anode,  react  with  water  with  formation 
of  acetic  acid  and  liberation  of  oxygen.  If  we  neglect  the  separation 
of  potassium  acetate  into  caustic  potash  and  acetic  acid,  the  products 
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of  the  electrolysis  are  those  of  a  decomposition  of  water.  The 
reactions  are  expressed  by  equations,  thus : — 

K  +  HOH  =  KOH  4-  H, 
2CH3-COO  +  HOH  =  2CH3-COOH  +  O. 

Most  acids  and  salts  in  dilute  solution  suffer  a  similar  decomposi- 
tion when  electrolysed.  Such  an  electrolysis,  where  the  products  are 
those  of  the  decomposition  of  water,  may  be  called  a  Faraday  elec- 
trolysis. 

If  the  solution  of  the  acetate  be  concentrated,  the  reaction  becomes 
more  complicated.  It  was  Kolbe  who  first  sought  to  investigate  f  ally 
the  electrolysis  of  concentrated  solutions  of  potassium  acetate  and  of 
other  similar  organic  salts  (Annalen,  64,  339 ;  69,  257 ;  Quart. 
Joiirn.  Chem.  Soc,  2,  157). 

He  fouud  that,  with  a  strong  solution  of  potassium  acetate,  the 
chief  .reaction  is  as  follows  : — 

Hydrogen  is  liberated  at  the  cathode  as  before,  but  now  the  acet- 
ions  act  on  one  another  so  as  to  form  ethane  and  carbonic  anhydride, 
thus  : — 

CH3-C00  +  CH3-C00  =  C2H6  +  2CO2. 

This  may  be  called  Kolhe's  first  reaction.  Simultaneously  another 
reaction  proceeds,  but  to  a  very  limited  extent.  A  small  quantity  of 
methyl  acetate  is  formed  according  to  the  equation 

CHa-COO  +  CHs-COO  =  CHa-COO-CHs  +  CO2. 

This  type  of  reaction  may  be  called  Kolhe's  second  reaction.  The 
gas  obtained  on  electrolysing  a  concentrated  solution  of  potassium 
acetate  possesses  a  peculiar  ethereal  odour,  which  Kolbe  showed  to 
be  due  to  the  presensv-  of  a  vapour  having  properties  identical  with 
those  of  methyl  acetate.  Although  the  substance  is  present  in  such 
small  quantities  that  it  has  never  been  isolated  with  certainty,  yet 
with  other  acids  belonging  to  the  acetic  acid  series,  a  large  proportion 
of  the  decomposition  takes  place  according  to  this  type  of  reaction ; 
for  instance,  potassium  valerate,  on  electrolysis,  yields  a  large  quan- 
tity of  butyl  valerate  (Kolbe,  loc.  cit.). 

Besides  the  three  electrolytic  reactions  named — the  Faraday,  and 
Kolbe's  first  and  second  reactions — there  occurs,  in  addition,  oxida- 
tion of  a  portion  of  the  electrolyte  by  the  electrolytic  oxygen. 

The  Faraday  reaction  occurs  even  with  saturated  solutions  of  the 
acetate,  but  the  oxygen  formed  is  never  liberated  as  such,  being 
entirely  used  up  in  oxidising  the  electrolyte,  or  rather  perhaps,  some 
product  of  the  electrolysis.  The  formation  of  ethane  has  been  ex- 
plained by  certain  chemists  (Bourgoin,  Jahn,  Bunge)  in  a  way  dif- 
ferent from  that  given  above ;  they  regaid  the  ethane  as  the  result  of 
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a  partial  oxidation  of  the  acetic  acid  by  the  elcctrolyiic  oxygen. 
This  view  will  be  discussed  later. 

That  Kolbe's  reactions  become  more  marked  in  strong  solutions  is 
due  to  the  increased  concentration  of  the  acetions  at  the  moment  of 
their  liberation.  As  the  ions  become  more  closely  crowded  together, 
they  react  to  a  larger  extent  on  one  another,  and  to  a  less  extent  on 
the  water  of  solution.  The  concentration  of  the  liberated  ions  is 
dependent  primarily  on  the  strength  of  the  solution,  and  on  the 
current  density  at  the  electrodes,  the  latter  varying  with  the  size  of 
the  electrodes  and  the  strength  of  the  current.  The  secondary 
reactions  are  also  influenced  by  temperature,  and  the  presence  of  acid 
or  alkali  in  the  solution  likewise  appears  to  have  an  effect. 

At  the  suggestion  of  Professor  Crum  Brown,  I  undertook  the 
present  investigation  with  a  view  to  trace  the  connection  between 
the  composition  of  the  electrolytic  gas  and  the  various  factors  men- 
tioned, which  one  would  expect  to  influence  the  electrolysis. 

In  most  ol  the  experiments,  the  electrolysis  of  the  potassium 
acetate  was  conducted  in  a  small  cylindrical  vessel  of  about  50  c.c. 
capacity,  provided  with  an  india-rubber  stopper.  Through  the 
stopper  there  passed  four  tubes,  into  two  of  which  were  sealed  stout 
platinum  wires  bearing  the  electrodes ;  of  the  remaining  two  tubes, 
one  delivered  the  gas,  and  the  other  was  connected  with  a  reservoir 
containing  solution.  The  electrodes  consisted  of  two  pieces  of  stont 
platinum  foil  of  equal  dimensions  (30  mm.  X  20  mm.),  distant  from 
one  another  about  5  mm. 

To  carry  out  an  experiment,  the  cell,  delivery-tube,  and  reservoii' 
were  filled  with  the  solution,  previously  boiled  to  expel  dissolved  air. 
The  electric  current  was  then  passed,  the  cell  being  surrounded  by  a 
vessel  of  water  at  the  requisite  temperature,  and  the  gases  evolved 
were  collected  over  mercury.  On  completion  of  the  electrolysis, 
which  lasted,  as  a  rule,  from  one  to  three  minutes,  the  gas  remaining 
in  the  cell  was  driven  over  into  the  receiving  tube  by  the  solution  in 
the  reservoir.  This  method  of  expelling  the  residual  gas  Mas  con- 
sidered the  most  suitable.  Sweeping  it  out  by  means  of  some  inert 
gas  would  have  rendered  the  analysis  of  the  gaseous  mixture  more 
complicated.  The  current  might  have  been  allowed  to  pass  for  some 
time  before  collecting  the  gas;  but  in  carrying  out  concentration 
experiments  this  method  is  objectionable  owing  to  the  change  which 
takes  place  in  the  concentration  of  the  solutions,  especially  of  the 
more  dilute  ones.  On  the  other  hand,  there  is  introduced  into  the 
method  adopted  an  error  due  to  the  difference  in  solubility  of  the 
gases ;  it  is  too  small,  however,  to  affect  the  present  results  seriously. 
The  small  quantity  of  solution  which  passed  over  with  the  gas  was 
easily  removed  by  means  of  a  Dittmar's  absorber  (gas-pipette). 
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N.  Bnngc,  in  a  recent  paper  {J.  Unss.  Chem.  Soc,  21,  538  ;  Abstr., 
1890,  1231),  has  warned  chemists  against  the  use  in  sach  experi- 
ments of  india-rubber  stoppers  and  connections,  owing  to  the  absorp- 
tion of  hydrocarbons  hj  the  india-rubber.  "While  in  the  above 
arrangement  there  was  little  chance  of  any  absorption  of  ethane 
taking  place,  seeing  that  the  stopper  was  always  wet  with  the  solu- 
tion, and  that  the  experiment  lasted  so  short  a  time;  still,  to  ensure 
accuracy,  the  apparatus  represented  in  the  diagram  was  employed  in 
a  number  of  the  experiments. 


The  cylindrical  vessel  a  of  about  100  c.c.  capacity  serves  as  the 
electrolytic  cell ;  it  is  provided  with  a  stopcock  m,  which  shuts  it  oft" 
from  the  delivery  tube  i,  and  its  lower  end  is  closed  with  an  india- 
rubber  stopper  bearing  the  platinum  electrodes  e,  e.  The  tube  d  con- 
nects the  cell  with  a  reservoir  containing  the  solution  to  be  electro- 
lysed. Sealed  into  the  vertical  porHon  of  the  delivery  tube  b,  there 
is  a  jet  c  which  reaches  down  as  far  as  the  stopcock.     A  piece  of  hard 
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glass  tubinp:  g  sealed  at  one  end,  and  containing  bicarbonate  of  soda 
for  generating  carbonic  acid  gas,  is  connected  with  the  tube  c.  The 
electrolytic  cell  is  surrounded  by  a  vessel  to  contain  water  at  any- 
required  temperature. 

To  perform  an  experiment,  the  cell  is  first  filled  with  the  solution 
to  the  level  of  the  stopcock  m,  which  is  then  closed.  The  stopcock  k 
is  then  opened,  and  the  tube  g  heated  until  all  air  is  expelled  from 
the  delivery  tube  ;  h  is  then  closed,  and  the  current  passed,  and  on 
opening  m^  the  gas  is  driven  over  into  the  receiving  tube. 

Immediately  all  the  gas  has  left  the  cylinder,  7n  is  closed  without 
allowing  any  of  the  solution  to  pass,  and  the  residual  gas  in  the 
delivery  tube  is  finally  swept  out  by  means  of  carbonic  acid.  In  this 
investigation,  ae  it  was  not  necessary  to  estimate  the  carbonic  acid 
evolved,  it  could  be  conveniently  employed  for  sweeping  out  the 
residual  gases.  The  object  of  the  bulb  at  d  is  to  prevent  any  of  the 
gas  from  being  carried  back,  during  the  passage  of  the  current,  by  the 
back-flowing  solution. 

With  this  arrangement  the  gas  does  not  come  into  contact  with  the 
india-rubber.  There  was,  however,  no  appreciable  difference  in  the 
results  obtained  by  the  two  methods,  and  in  most  of  the  experiments 
the  simpler  apparatus  was  employed. 

To  find  the  quantity  of  electricity  passed  during  an  experiment,  in 
some  cases  an  ammeter  was  employed,  in  others  the  time  during  which 
the  current  flowed  was  noted,  and  from  the  amount  of  hydrogen 
evolved,  the  number  of  amperes  was  readily  obtained.  The  current 
used  throughout  was  obtained  from  a  battery  of  accumulators  with 
an  E.M.F.  of  12  volts,  and  the  gases  were  analysed  by  the  use  of  a 
Dittmar's  gas  apparatus.  As  mentioned,  the  carbonic  anhydride 
evolved  was  not  estimated,  since  for  the  purpose  of  the  present 
investigation  it  was  sufficient  to  determine  hydrogen,  ethane,  and 
oxygen. 

Presence  of  Ethereal  Vapours  in  the  Electrolytic  Gas. 

It  was  not  intended  in  the  present  investigation  to  examine  closely 
into  the  trace  of  vapour  which  imparts  to  the  electrolytic  gas  its 
peculiar  odour,  but  still  it  was  considered  advisable,  before  proceed- 
ing with  the  analyses,  to  devote  some  time  to  the  question. 

Kolbe,  besides  demonstrating  the  presence  of  a  vapour  behaving 
like  methyl  acetate,  also  believed  that  a  second  ethereal  compound, 
which  might  probably  be  methyl  oxide,  was  produced  in  small 
quantity.  He  found,  after  the  removal  of  the  oxygen  by  means  of 
phosphorus  and  of  the  methyl  acetate  by  means  of  strong  sulphuric 
acid,  that  on  exploding  the  residue  with  excess  of  oxygen,  a  smaller 
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quantity  of  oxygen  disappeared  than  theory  demanded  on  the  sup- 
position that  the  mixture  'consisted  of  hydrogen  and  ethaue..  He 
therefore  assumed  the  gas  to  contain  a  small  quantity  of  methyl 
oxide,  a  substance  which  requires  less  oxygen  for  its  combustion  than 
ethane  does,  and  calculated  the  composition  of  the  gas  accordingly. 
The  presence  of  ethylene  would  also  account  for  the  discrepancy  in 
his  numbers,  and  Kolbe  and  Kaempf  stated  later  that  this  substance 
was  actually  present  (J.  pr.  Chem.  [2],  4,  46). 

These  two  experimenters  were  also  able  to  condense  from  the  gas, 
by  moans  of  a  freezing  mixture,  a  liquid  which  ihey  found  to  contain 
methyl  acetate,  methyl  formate,  and  methyl  carbonate  (Kolbe  ar.d 
Kaempf,  ibid.,  4,  46).  They  give  no  details  as  to  how  these  com- 
pounds were  identified.  Kolbe  in  his  first  experiments  obtained  an 
absorption,  on  exposing  in  the  gas  a  coke  ball  soiked  in  strong  sulph- 
uric acid.  On  warming  the  ball  after  its  withdrawal,  the  odour  of 
acetic  acid  wns  detected.  I  made  several  attempts  to  condense  any 
vapour  which  might  be  produced.  The  gas  was  passed  over  calcium 
chloride  and  solid  caustic  potash,  and  then  through  a  tube  sur- 
rounded by  a  freezing  mixture  ;  but  I  only  succeeded  in  condensing 
a  few  drops  of  liquid  of  ethereal  smell  (Kolbe  did  not  pass  the  gas 
over  caustic  potash).  I  also  attempted  to  collect  the  vapour  by  pass- 
ing the  gas  through  light  petroleum  cooled  down  by  a  freezing 
mixture,  and  afterwards  extracting  the  light  petroleum  with  water. 
A  portion  of  the  watery  extract,  which  had  a  strong  ethereal  smell, 
and  which  was  quite  neutral,  was  treated  with  10  c.c.  of  decinormal 
hydrochloric  acid,  and  allowed  to  stand  in  a  warm  place  for  several 
hours.  On  titrating  with  standard  baryta  water,  there  was  found  to 
be  an  increase  in  the  acidity  of  the  solution — 

10  c.c.  decinormal  HCl  =     9*45  c.c.  baryta. 
Solution  +  10  c.c.  ,,  ?>      =  11"46  c.c.       „ 


201  c.c.  excess  of  baryta, 

equivalent  to  0*013  gram  of  acetic  acid. 

This  prove3  conclusively  that  there  is  an  ethereal  salt  present  in 
the  gas,  the  increase  in  the  acidity  arising  from  the  hydrolysis  of  this 
salt  by  the  hydrochloric  acid. 

To  determine  whether  ethylene  was  present  or  not,  a  solution  con- 
taining 60  per  cent,  of  potassium  acetate  was  electrolysed,  and  the 
gas  passed  for  about  12  hours  through  bromine.  No  ethylene  bromide 
was  obtained.  This  is  in  agreement  with  an  experiment  of  Bunge's  (/. 
Jiuss.  Chem.  Soc,  21,  557  ;  Abstr.,  1890,  1231).  The  gas  was  also  passed 
for  a  long  time  through  an  ammoniacal  solution  of  cuprous  chloride 
without  producing  any  piecipitate.     From  these  two  experiments  it 
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Avould  appear  that  no  unsaturated  hydrocarbons  are  present  in  the 
s^as.  Jahn  (Ann.  Chim.  Phys.,  37,  421),  hy  distilling  the  residues  of 
sodium  acetate  solutions  which,  had  been  electrolysed,  obtained  a 
liquid  which  gave  the  iodoform  test  with  iodine  and  caustic  potash  ; 
he  considered  that  this  might  probably  indicate  the  presence  of:" 
acetone.  I  also  confirmed  Jalin's  test,  but  a  simple  trial  showed  that 
methyl  acetate  also  gives  the  iodoform  reaction.  It  was  obvionslv 
Ihis  substance  and  not  acetone  which  reacted  in  Jalm's  case;  U) 
verify  this,  however,  I  passed  the  gas  fcr  a  long  time  through  a  solu- 
tion of  phenylhydrazine  hydrochloride  and  potassium  acetate,  and 
obtained  no  evidence  of  the  presence  of  acetone.  The  solution  of 
phenylhydrazine  hydrochloride  employed  gave  an  immediate  preci- 
pitate of  the  hydrazone  when  treated  with  air  containing  acetone 
vapour. 

If  any  methyl  oxide  were  present  in  the  gas,  a  portion  of  it  would 
probably  be  absorbed,  along  with  the  methyl  acetate,  by  the  strong 
sulphuric  acid,  in  which  methyl  oxide  is  pretty  soluble,  although  it 
does  not  unite  with  the  acid  chemically.  Only  a  small  proportion, 
however,  might  be  so  removed.  With  a  few  samples  of  the  gas 
freed  from  methyl  acetate  by  means  of  strong  sulphuric  acid  applied 
on  a  coke  ball,  the  further  action  of  fuming  sulphuric  acid  was 
accordingly  tried,  and  an  absorption  was  obtained  which  I  at  first 
attributed  to  methyl  oxide,  or  some  such  substance.  On  further 
examination,  however,  it  was  discovered  that  the  diminution  in 
volume  was  due  to  absorption  of  hydrogen  by  the  sulphuric 
ynhydride.  The  solution  electrolysed  contained  60  per  cent,  of 
potassium  acetate,  and  in  this  experiment  a  hydrogen  voltameter  was 
introduced  into  the  circuit  for  the  sake  of  comparison.  The  electro- 
lytic gas  previous  to  the  analysis  was  freed  from  carbonic  anhydride 
by  treating  it  in  an  absorber  with  caustic  potash  solution.  The 
following  are  the  details  of  the  analysis  : — 


Original  gas  (COj  free)  . .  .. 
Treated  with  H0SO4 

„      Sd,  (12  lirs.)  . 

„      1\  nyrogallate 


Observed 
volume. 


4259  8 
4197-3 
4186  -9 
42U6  -6 


Temp. 


8-5= 
8-3 

8-2 
8-4 


Bar.,  mm. 


738  0 
74t;  -5 
732-4 
724  8 


Reduced 
volume. 


3958-5 
3952  -5 
3916-5 
3892  -1 


Hence  : 


Methyl  acetate  (?)  ^=  015  per  cent. 

oxide     (?)  =0  91 
Oxygen =  0'(J2         „ 
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The  residue  was  then  analysed  by  exploding  it  with  excess  of 
oxygen  and  absorbing  the  carbonic  anhydride  produced,  by  means  of 
caustic  potash. 


Observed 
volume. 


Original  gas |  1589  "4 

With  excess  of  oxygen 7519  '5 

Al'ter  combustion 4406  "8 

After  absorption  of  CO2 j  2990  '5 


Temp. 


7  -8°  C. 
8-1 
8-1 
8-0 


Bar.,  mm. 


736-6 
737-6 
738-2 
738-5 


Eeduced 
volume. 


1496  -6 
7081 -9 
4157  -0 
2823  -1 


These  figures  give  the  following  results  : — 

X  =  carbonic  anhydride  formed  on  combustion. 
y  =  total  diminution  in  volume  on  combustion. 

2/         X     6 


Then,  ethane  =  |  ,  and  hydrogen  =  ^(y  —  ^.  -  j. 

Ethane  =     666-9 
Hydrogen  =    838- 5  Corresponding  voltameter  hydrogen  =  839*8. 


1505-4 


From  this  we  obtain  the  ratio  - — ^ =  0*795,  and 


hydrogen 


ethane 


=  0*794. 


volt,  hydrogen 

II.  Same  Solution  Electrolysed. 


Original  gas  (CO2  free)  . . . 
Treated  with  H2SO4 

„    S03(24hr3.) 
,,  „    K  pyrogallate 


Observed 
volume. 


5310  -8 
53-20  -1 
5272-3 
5297-6 


Temp. 


7*8°C. 
9-4 
8*3 
8-4 


Bar.,  mm. 


752-2 
752*1 
743-2 
735-5 


Reduced 
volume. 


5109  -8 
5088-6 
4984  *2 
4973  -8 


Hence 


Methyl  acetate  (?)  =  0*42  per  cent. 

„       oxide     (?)  =  2*04 
Oxygen =0*20 
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Analysis  of  Residue. 


Original  gas      

With  excess  of  oxygen    . .  . 

After  combustion 

After  absorption  of  CO2. .  . 


Observed 
volume. 


Temp. 


1526-3 
6431-4 
3453  -9 
2088  -9 


8-4"C. 
8-4 
8-4 
8 '4 


Bar.,  mm. 


734-8 
734-6 
734-2 
733-5 


Reduced 
volume. 


1431 -6 
6031 -0 
3236-5 
1951  -9 


Hence  : 


Ethane  =     6423 
Hydrogen  =     7925 


1434-8 
The  corresponding  voltameter  hydrogen  =  809-2. 
ethane  a  mo  ethane 


Ratio 


=  0-813, 


=  0-794. 


hydrogen  voltameter  iiydrogen 

Comparing  the  results  in  these  two  sets  of  analyses,  we  have- 


SO3  in  contact. 

Methyl 
oxide  ('?). 

Ethane 
hydrogen 

Ethane 

voltameter  hydrogen  ' 

I 

IE  

12  hours 
24 

0-91 
2-04 

0  -795 
0  -813 

0-794 
0-794 

It  was  evident  that  the  sulphuric  anhydride  was  reacting  with  some- 
thing else  than  methyl  oxide  in  the  gaseous  mixture,  for  the  longer 
the  reagent  remained  in  contact  with  the  gas  the  greater  was  the 
absorption.  The  fact  that  the  ratio  ethane  to  hydrogen  increased 
with  the  increased  absorption,  the  ratio  ethane  to  voltameter  hydro- 
gen remaining  at  the  same  time  constant,  pointed  to  the  removal  of 
hydrogen. 

A  quantity  of  pure  hydrogen  was  therefore  exposed  for  three  days- 
to  the  action  of  a  coke  ball  soaked  in  strongly  fuming  sulphuric  acid. 
A  large  absorption  was  obtained,  as  the  following  shows  : — 


Original  hydrogen 
iter    t 
days) 


Observed 
volume. 


4739-2 

4472-7 


.  emp. 


G-6°C. 
0-0 


Bar.,  mm. 


Reduced 
volume. 


746-8     I     4547-0 
748-9     i    .4312-6 
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Hydrogen  absorbed  =  234'4,  or  5"1  per  cent. 

This  fact  is  of  great  importance  to  gas  analysts.  Dittmar  and 
Henderson  found  (Proc.  Phil.  Soc.  Glasgow,  Dec,  1890)  that  sulphuric 
acid  was  reduced  by  hydrogen  to  a  very  slight  extent — too  slight  to 
affect  experiments  of  this  kind.  The  fuming  acid  is  evidently  much 
more  powerful  in  its  action ;  a  quantity  of  hydrogen  treated  with 
ordinary  strong  sulphuric  acid,  under  conditions  similar  to  the  above, 
showed  an  absorption  of  only  0"56  per  cent. 

The  absorption  which  took  place  on  treating  the  electrolytic  gas 
with  fuming  sulphuric  acid  was  thus  evidently  due — taking  into  con- 
sideration the  time  that  the  balls  were  in  contact — to  the  absorption 
of  hydrogen. 

No  methyl  oxide  that  escapes  absorption  by  ordinary  strong  sulph- 
uric acid,  and  no  unsaturated  hydrocarbons,  appear  to  be  present  in  the 
electrolytic  gas  in  measurable  quantity ;  and  this  is  borne  out  by  the 
results  obtained  on  the  analysis  of  the  gas  treated  with  sulphuric  acid 
alone,  the  analysis  being  carried  out  under  the  supposition  that  the 
mixture  consisted  of  oxygen,  ethane,  and  hydrogen.  On  warming  the 
sulphuric  acid  balls  withdrawn  from  the  gas,  the  odour  of  acetic  acid 
was  very  evident,  as  Kolbe  found.  There  can  be  little  doubt,  there- 
fore, that  the  ethereal  salt  present  in  the  vapour  is  methyl  acetate. 
Nothing  further  has  been  done  regarding  the  detection  of  methyl 
formate  or  methyl  carbonate. 

Influence  of  the  Concentration  of  Potassium  Acetate  on  the  Electrolysis. 

A  60  per  cent,  solution  of  potassium  acetate  was  prepared  and 
acidified  slightly  with  acetic  acid.  Less  concentrated  solutions  were 
obtained  from  this  by  dilution  with  weighed  quantities  of  water,  so 
that  the  degree  of  acidity  of  the  solutions  was  the  same  in  all  cases. 

The  electrolyses  were  conducted  at  temperatures  lying  between  11° 
and  12^.  The  gas  to  be  analysed  had  the  carbonic  anhydride  first 
removed,  and  was  then  exposed  for  about  two  hours  to  the  action  of  a 
coke  ball  soaked  in  strong  sulphuric  acid.  Oxygen  was  determined 
by  absorption  with  alkaline  pyrogallate  of  potash  applied  either  on 
papier-mache  balls,  or  the  gas  was  shaken  up  in  an  absorber  with  a  solu- 
tion of  pyrogallate.  The  residue,  after  removal  of  the  ethereal  vapour 
and  oxygen,  was  analysed  for  ethane  and  hydrogen  by  combustion 
with  oxygen.  In  shaking  out  the  gas  with  caustic  potash  (to  remove 
carbonic  anhydride),  it  is  probable  that  part  of  the  methyl  acetate  is 
destroyed,  so  that  the  values  determined  for  that  substance  from  the 
absorption  by  sulphuric  acid  are  of  little  quantitative  importance. 
The  fact  that  small  quantities  of  other  absorbable  vapours  may  be 
present  also  renders  the  determination  of  this  substance  practically 
worthless. 

c  2 
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The  nature  of  the  electrolysis  under  the  varying  conditions  is  most 
conveniently  indicated  by  the  magnitude  of  the  ratio  ethane  to  hydro- 
gen, and  by  the  amount  of  oxygen  present.  Table  I  exhibits  the 
results  of  the  experiments  on  concentration  of  solution. 

The  relation  between  the  amounts  of  ethane  and  hydrogen  evolved, 
when  different  strengths  of  solution  are  electrolysed,  may  be  seen 
from  the  curve  represented  in  Fig.  1, 

Fig.  1. — Curve  exhibiting  the  relation  between  concentration  of  solution  and  the  ratio 
[ethane  :  hydrogen]  (also  the  relation  between  concentration  and  the  proportion  of 
the  total  oxygen  =  ^  hydrogen  which  has  disappeared  in  partial  oxidation,  p.  34). 


Concentration :  percentage  of  acetate. 


The  percentage  strengths  of  the  solutions  are  taken  as  abscissae, 
and  the  ratios  ethane  to  hydrogen  given  in  the  table  as  ordinates. 

From  an  inspection  of  the  curve,  it  is  seen  that,  starting  with  a 
saturated  solution,  and  gradually  diluting  down  to  about  a  10  per 
cent,  solution,  the  fall  in  the  quantity  of  ethaae  obtained  is  very 
small.  Whilst  the  concentration  has  been  reduced  from  60  per  cent, 
to  10  per  cent,,  the  quantity  of  ethane  (hydrogen  =  100)  has  only 
dropped  from  80  to  72.  With  less  than  a  10  per  cent,  concentration, 
the  amount  of  ethane  produced  falls  off  more  rapidly,  and  below 
2  per  cent,  the  curve  drops  almost  perpendicularly,  cutting  the  hori- 
zontal axis  about  0'5,  so  that  with  solutions  of  less  than  0'5  per  cent, 
no  ethane  is  evolved,  the  gas  being  practically  pure  detonating  gas. 
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Strength  of  Current. 

To  determine  what  influence  a  change  in  the  strength  of  the 
current  has  on  the  electrolysis,  a  20  per  cent,  solution  was  electro- 
lysed. The  two  electrodes  were  the  same  as  before,  but  various 
strengths  of  current  were  employed.  The  results  obtained  are  in 
entire  agreement  with  theory.  Methyl  acetate  was  removed  as  in  the 
preceding  series  of  analyses,  but  its  quantity  was  not  determined. 
The  results  are  tabulated  in  Table  II. 


Table 

II. 

I. 

II. 

in. 

lY. 

Y. 

YI. 

Current  in  amperes 

5-2 

1-3 

0  60 

0-27 

0-11 

0  045 

Percentage  of  oxygen . . . 

0-47 

0-53 

0-42 

0-44 

0-71 

115 

Ratio /^J^^'^^-  

hydrogen 

0-81 

0-74 

0-69 

0-63 

0-51 

0-256 

Here  again  the  relations  are  best  exhibited  by  means  of  a  curve, 
Taking  as  abscissae  the  strength  of  the  current  in  amperes,  and  as 
ordinates  the  ratios  ethane  to  hydrogen,  the  curve  represented  in 
Fig.  2  is  obtained. 


Fig.  2. — Curve  exhibiting  the  relation  between  strength  of  current  and  the  ratios 
[ethane  :  hydrogen]. 


be 


Amperes. 
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Its  resemblance  to  the  curve  for  concentration  is  at  once  evident. 
When  the  current  is  very  large,  the  yield  of  ethane  is  little 
influenced  by  changes  in  the  strength  of  the  current,  and  jast  as 
dilute  solutions  are  largely  affected  by  alterations  in  the  concentra- 
tion, so  slight  variations  in  the  strength  of  a  weak  current  occasion 
considerable  changes  in  the  yield  of  ethane.  The  solutions  are  very 
sensitive  to  changes  in  the  strength  of  the  current  when  this  sinks 
below  0'5  of  an  ampere. 

The  current,  in  these  experiments,  was  reduced  to  the  necessary 
strength  by  introducing  resistances  into  the  circuit,  and  it  was  found 
that  the  results  were  the  same  whether  the  resistances  were  intro- 
duced outside  or  inside  the  electrolytic  cell.  The  electrolysis  is, 
therefore,  independent  of  difference  of  potential  between  the  elec- 
trodes, as  one  would  expect. 

As  regards  oxygen,  it  will  be  noticed  that  its  quantity  remains 
pretty  uniform  throughout,  only  rising  in  the  last  two  experiments. 
Although  the  ratio  ethane  to  hydrogen  is  affected  similarly  by  altera- 
tions in  the  strength  of  the  current,  and  in  the  concentration  of 
solution,  the  amount  of  oxygen,  in  the  former  case,  does  not  rise  with 
anything  approaching  the  same  rapidity  as  in  the  concentration 
experiments,  so  that  the  oxygens  corresponding  to  given  ratios  of 
ethane  to  hydrogen  in  the  two  series  are  very  different. 

In  the  experiments  on  concentration,  for  a  ratio  of  0'509,  the  per- 
centage of  oxygen  is  2*48,  and  for  a  ratio  of  0*263  the  percentage  is 
105.  In  the  experiments  on  strength  of  current,  on  the  other  hand, 
the  ratios  0'51  and  0*256  are  associated  with  0*71  per  cent,  and 
1'15  per  cent,  of  oxygen  respectively. 

This  will  be  referred  to  again  in  considering  the  oxidation  which 
goes  on  during  the  electrolysis. 


Size  of  Electrodes. 

It  has  already  been  mentioned  that  variations  in  the  size  of  the 
electrodes  will  affect  the  concentration  of  the  liberated  ions,  and,  con- 
sequently, the  nature  of  the  electrolysis.  As  the  reaction  which 
gives  rise  to  the  ethane  proceeds  at  the  anode,  it  follows  that  varia- 
tions in  the  size  of  the  anode  alone  should  influence  the  yield  of 
ethane.  Provided  the  size  of  the  anode  is  kept  constant,  and  also  the 
current,  then  altering  the  size  of  the  cathode  should  have  no  effect 
on  the  ratio  ethane  to  hydrogen. 

That  the  electrolysis  proceeds  in  the  manner  indicated  only  when 
the  anode  is  sufficiently  small,  is  already  known  to  be  true  for  sub- 
stances other  than  potassium  acetate.  Crum  Brown  and  Walker 
have  shown  (Trans.  Hoy.   Soc.  Edin.,  35,  214;  Annalen,  261,  111) 
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that  an  aqueous  solution  of  potassium  ethyl  malonate  on  electrolysis 
gives  a  good  yield  of  ethyl  succinate  when  the  anode  is  very  small, 
but  only  a  trace  if  the  anode  is  large. 

This  result,  as  they  point  out,  contradicts  the  observation  made  by 
Jahn  {ibid.,  37,  422),  that  when  sodium  acetate  is  electrolysed,  the 
yield  of  ethane  is  increased  by  increasing  the  size  of  the  anode.  I 
have  succeeded  in  proving,  beyond  doubt,  that  the  electrolysis  of  the 
acetate  does  not  differ  in  this  respect  from  that  of  potassium  ethyl 
malonate,  but  that  increasing  the  size  of  the  anode  diminishes  the 
yield  of  ethane,  as  theory  leads  one  to  expect. 

The  solution  of  acetate  employed  here  was  a  20  per  cent,  neutral 
solution,  and  the  current  was  of  2  amperes  strength.  Electrodes 
of  various  dimensions  were  used.  The  results  are  given  in  Table  III 
(p.  20):- 

In  Experiments  I  and  VI,  the  electrodes  were  those  employed  in  the 
concentration  experiments,  each  with  an  active  surface  of  about  6  sq.  cm. 
In  II,  III,  YII,  and  VIII,  one  of  these  was  replaced  by  a  moderately 
thin  platinum  wire,  with  an  active  surface  of  about  y^-  that  of  the 
other  pole.  In  calculating  the  relative  surfaces,  it  is  assumed  that  the 
current  flows  from  the  whole  surface  of  the  wire,  but  only  from  one 
surface  of  the  foil,  namely,  that  which  faces  the  other  electrode.  The 
active  surfaces  can,  of  course,  be  determined  approximately  only.  In 
IV  and  V,  the  solution  was  electrolysed  in  a  platinum  crucible,  which 
served  as  one  of  the  electrodes,  the  other  electrode  being  the  platinum 
w4re ;  the  arrangement  is  the  same  as  that  employed  by  Crum  Brown 
and  Walker  for  the  electrolysis  of  potassium  ethyl  malonate.* 

In  determining  the  influence  on  the  electrolysis  of  a  small  or  large 
anode,  it  is  not  sufficient  to  have  two  electrodes  of  different  size, 
and  then  pass  the  current  first  in  one  direction  and  then  in  the 
reverse  direction ;  for  a  much  greater  current  is  able  to  pass  when 
the  large  electrode  serves  as  the  anode  than  when  it  is  made  the 
cathode.  The  probable  reason  of  this  is  that  at  the  anode  a  larger 
volume  of  gas  is  liberated  than  at  the  cathode,  so  that  with  the  wire 
as  anode  the  solution  does  not  make  such  good  contact  as  when  the 
current  is  reversed,  the  wire  then  acting  as  cathode.  For  instance, 
in  one  case  with  a  large  anode  and  a  small  cathode,  the  current 
passing  was  3'4  amperes ;  on  reversing,  it  fell  to  2  amperes.  It  is, 
therefore,  necessary  to  adjust  the  external  resistances  so  as  to  have 
equal  currents  flowing  in  each  case. 

In  Experiments  II  and  IV,  the  anodes  were  very  small,  and  the 
ratios  are  the  highest  which  I  have  obtained ;  in  V,  where  there  is  a 

*  The  wire  used  was  smaller  than  that  employed  by  them  as  anode.  They  re- 
quest me  to  state  that  the  ratio  of  their  electrodes  was  30  : 1,  not  300  : 1,  as  appears 
in  their  paper. 
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very  large  anode,  the  yield  of  ethane  is  small.  By  comparing  I  with 
III,  and  II  with  IV,  it  is  evident  that,  so  long  as  the  anode  is  the 
same,  changes  in  the  size  of  the  cathode  have  practically  no  influence 
on  the  electrolysis. 

It  has  been  remarked  that  one  would  expect  the  concentration  of 
the  acetions  to  be  dependent  on  the  current  density  at  the  anode,  and 
on  the  strength  of  the  solution.  This  is  evidently  not  exclusively  the 
case ;  for  instance,  according  to  the  curve  shown  in  Fig.  2  (p.  22), 
a  current  of  0'2  ampere  gave,  with  an  anode  of  active  surface  12,  a 
ratio  of  0*61.  In  Experiment  Y  of  the  above  series,  with  a  current  of 
2  amperes  and  an  active  surface  110,  the  ratio  was  0'277.  The  current 
density  at  the  anode  in  these  two  cases  is  practically  the  same.  Whilst 
the  ratios  are  as  0'61  :  0*277,  the  current  densities  are  as  17  :  18. 

Thus,  although  the  yield  of  ethane  is  increased  by  increasing  the 
current,  or  by  employing  a  smaller  anode,  the  variation  is  not  to  be 
accounted  for  by  change  in  the  current  density  alone.  There  are 
apparently  some  other  factors  influencing  the  electrolysis. 

The  amount  of  oxygen  evolved  increases  with  the  fall  in  the  ratio. 

It  was  thought  that  by  using  a  very  dilute  solution  of  the  acetate, 
changing  the  size  of  the  electrodes  would,  perhaps,  have  a  greater 
effect  than  with  a  strong  solution,  seeing  that  a  weak  solution  is  very 
sensitive  to  changes  in  concentration.  The  influence  of  a  large  and 
small  anode  on  a  solution  of  1*5  per  cent,  is  seen  in  Ex]Deriments  VI, 
YII,  and  VIII.  Contrary  to  expectation,  there  is  very  little  change 
in  the  ratio,  but  what  change  there  is  is  in  the  expected  direction. 
The  yield  of  ethane  is  higher  when  the  anode  is  small,  but  only  a 
very  little. 

On  the  other  hand,  a  remarkable  change  takes  place  in  the  quantity 
of  oxygen  evolved.  Notwithstanding  the  slight  difference  in  the 
ratios,  the  oxygen  given  off  from  the  small  anode  is  about  double  that 
given  off  from  the  large  anode.  The  duplicate  analyses  IX  and  X 
confi^rm  this. 

Influence  of  Temperature. 

Change  of  temperature  cannot  have  any  great  influence  on  the 
electrolysis,  as  far  as  the  concentration  of  the  ions  is  concerned,  but 
the  nature  of  the  secondary  reactions  must,  like  chemical  reactions 
in  general,  be  dependent  on  temperature.  Table  IV  contains  the 
results  of  the  experiments  on  this  point. 

The  solution  employed  contained  20  per  cent,  of  the  acetate,  and 
the  current  in  each  case  was  1*5  amperes. 

The  quantity  of  ethane  produced  gradually  diminishes  with  rise  of 
temperature,  as  maybe  seen  from  the  curve  Fig.  3  (p.  26),  obtained 
by  plotting  the  ratios  ethane  to  hydrogen  against  temperature.     The 
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abscissae  represent  temperature,  and  the  ordinates  the  ratios  of  ethane 
to  hydrogen.  The  diminution  in  ethane  becomes  more  rapid  as  the 
temperature  rises,  and  presumably  about  100°  the  Kolbe  reaction  has 
entirely  ceased. 


Table  IY. 


I. 

II. 

• 
IIL 

IV. 

V. 

VI. 

Temperature   of   experi- 
ment   

0°C. 

17° 

50° 

65° 

80° 

95° 

Percentage  of  oxygen  . . . 

0-27 

0-31 

0*40 

0-695 
0-694 

0-61 

0-58 
0-57 

4-17 

0-406 
0-400 

0-403 

25  -64 

Ratio    ^^^^'"^"^  -       ,       f 
hydrogen  ,     two  J 

determinations  ....    [ 

0-83 
0-83 

0-806 
0-805 

0-120 
0-128 

0-83 

0-8055 

0  -6945 

0-575 

0  -124 

Fig.  3. — Curve  exhibiting  the  relation  between  temperature  and  the 
ratios  [ethane  :  hydrogen] . 


emperature. 


As  regards  oxygen,  the  amount  evolved  increases  with  the  fall  in 
the  ratio,  but,  on  comparing  the  oxygen  of  the  four  series  of  experi- 
ments, it  will  be  seen,  as  has  already  been  pointed  out  in  one  instance, 
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that  the  quantities  of   oxygen   corresponding   to    a  given  ratio, 
obtained  by  each  of  the  four  methods,  are  very  different.     For 
particular  ratio  the  oxygens  are  here  compared : — 


From  experiments  on 

Ratio  ,^^i^"^-- 
hydrogen  ' 

Corresponding  oxygen. 

(a.)  Concentration  of  sohition 

(b.)  Strength  of  current 

(c  )  Size  of  anode 

0-263 
0-256 
0-277 
0-25 

10-5    percent. 
1-15         „ 

7-81 

14  -0  (approx.  by   interpola- 
tion) . 

Influence  of  Acid  or  Alkali. 

The  solution  of  acetate  used  in  the  experiments  on  concentration 
and  strength  of  current  was  previously  rendered  slightly  acid  with 
acetic  acid,  chiefly  that  the  results  might  be  strictly  comparable  with 
those  of  other  investigators.  The  solutions  employed  in  the  experi- 
ments on  size  of  electrodes  and  on  temperature  were  neutral. 

It  was  found  that  the  ratio  ethane  to  hydrogen  was  slightly 
higher  with  the  neutral  than  with  the  acid  solution.  The  20  per  cent, 
acidified  solution  gave  a  ratio  0*74,  whilst,  for  a  neutral  solution  of 
the  same  strength,  the  ratio  was  0'806.  It  was  therefore  thought 
advisable  to  examine  into  this  point  a  little  more  closely.  Two  2C 
per  cent,  solutions,  one  containing  about  1-5  per  cent,  of  free  acetic 
acid,  and  the  other  an  equal  quantity  of  caustic  potash,  were  elec- 
trolj'sed  with  the  following  results  (Table  V)  : — 


Table  Y. 

I. 

II. 

III. 

IV. 

Solution ■ 

20p.c.KA; 
1-5  p.  c.  HA. 

20  p.  c.  KA ; 
l-5p.c.  KOH. 

20  p.  c.  KA ; 

1  p.  C.  K2SO4. 

20  p.  c.  KA, 
neutral. 

Percentage  of  oxygen  .           1  -3 

0-51 

0-17 

0-3 

Ratio /^^^^"«    ...A 
hydrogen           L 

0-686 
0-691 

0-593 
0-593 

0-791 

0  -806 

Mean  value 

0-688 

0-593 

0-791 

0-806 

The  presence,  therefore,  of  either  acid  or  alkali,  even  in  compara- 
tively small  quantity,  considerably  reduces  the  yield  of  ethane.  That 
alkali  produces  this   effect    has    already  been   proved    by  Bourgoin 
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(Compt.  rend.,  65,  998;  Jahreshericht,  1867,  381),  who  showed  that  a 
solution  containing  1  equivalent  of  potassium  acetate  to  1  of  caustic 
potash,  when  electrolysed,  yielded  nothing  but  oxygen  at  the  anode. 
It  is  noteworthy  that  the  acid  and  alkali  disturb  the  electrolysis  in 
the  same  manner.  More  oxygen,  however,  is  evolved  from  the  acid 
than  from  the  alkaline  solution. 

Experiment  III  in  Table  V  (p.  27)  shows  that  when  small  quan- 
tities of  salts  which  give  only  hydrogen  and  oxygen  on  electrolysis, 
such  as  potassium  sulphate,  are  present  along  with  the  acetate,  the 
electrolysis  is  not  appreciably  affected.  The  presence  of  small  quan- 
tities of  chlorides  gives  rise  to  chlorinated  organic  compounds,  such 
as  methyl  chloride  (Kolbe). 

It  is  a  noticeable  fact  that  the  ratios  of  ethane  to  hydrogen  obtained 
both  by  Kolbe  and  by  Jahn  are  much  smaller  than  the  values  found 
in  this  investigation.  Kolbe  used  concentrated  solutions  of  potassium 
acetate,  and  obtained  the  ratio  0*42  with  3  per  cent,  of  oxygen,, 
numbers  agreeing  with  those  for  a  very  dilute  solution,  namely,  1'84 
per  cent.,  in  the  present  concentration  experiments.  Jahn,  with 
saturated  solutions  of  the  sodium  salt,  found  values  for  the  ratio- 
lying  in  the  neighbourhood  of  0*5. 

These  investigators  certainly  employed  weaker  currents  than  I 
have  done,  but  there  is  little  doubt  that  the  main  cause  of  this  great 
difference  is  the  fact  of  their  having  used  very  large  electrodes. 
Neither  of  them  mentions  the  size  of  the  anodes  which  were  em- 
ployed, but,  from  the  description  of  Kolbe's  apparatus,  his  anode 
must  have  been  many  times  larger  than  mine. 

Oxidation. 

If  the  acetions  by  their  interaction  were  to  yield  ethane  and  carb- 
onic anhydride  alone,  then  the  volume  of  ethane  obtained  would  be 
equal  to  the  volume  of  hydrogen.  Besides  this  reaction,  however^ 
and  Kolhe's  second  reaction,  there  is,  as  already  mentioned,  the  re- 
formation of  acetic  acid  and  liberation  of  oxygen  (Faraday  reaction), 
so  that,  under  the  most  favourable  conditions  investigated,  the  volume 
of  ethane  is  only  nine-tenths  that  of  the  hydrogen.  Neglecting  the 
formation  of  methyl  acetate,  the  excess  of  hydrogen  over  ethane 
represents  the  extent  to  which  the  Faraday  electrolysis  proceeds  for 
any  given  strength  of  solution.  If  no  further  secondary  reaction  took 
place,  then,  for  every  volume  of  hydrogen  that  there  is  in  excess  of 
ethane,  there  ought  to  be  half  a  volume  of  oxygen.  But  little  or  no 
oxygen  is  liberated  except  from  dilute  solutions.  The  oxygen  is 
ev-idently  used  up  in  oxidising  some  portion  of  the  electrolyte. 
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This  was  first  pointed  out  by  Kolbe  {Quart.  J.  Chem.  Soc,  2, 
183;  Annalen,  69,  257),  who  showed  that  with  the  disappearance  of 
oxygen  there  was  a  simultaneous  increase  in  the  quantity  of  carbonic 
anhydride  evolved.  From  the  data  already  given,  it  is  possible  to 
represent  in  a  curve  the  relative  amounts  of  oxygen  which  disappear 
on  electrolysing  solutions  of  different  concentrations.  Half  the  excess 
of  hydrogen  over  ethane  represents  the  total  available  electrolytic 
oxygen  ;  the  difference  between  this  quantity  and  the  oxygen  actually 
found  in  the  gas  is  the  amount  which  has  gone  to  oxidise  the  electro- 
lyte. 

By  plotting  the  ratio  [oxygen  w^hich  has  disappeared  :  available 
oxygen]  against  strength  of  solution,  a  curve  is  obtained  which  ex- 
hibits the  relation  between  concentration  of  solution  and  oxidation  by 
electrolytic  oxygen.  The  ratio  [oxygen  which  has  disappeared  :  avail- 
able oxygen]  is  calculated  from  the  percentage  composition  of  the  gas 
evolved,  obtainable  from  the  foregoing  analyses  (Table  I,  p.  20). 
These  percentage  compositions  and  the  ratios  in  question  are  given 
in  the  preceding  table  (Table  VT)  : — 

The  oxygen  in  TI  and  III  is  a  little  high,  probably  owing  to  the 
fact  that  the  values  were  determined  by  absorption  with  pyrogallate 
on  papier-Tnache  balls,  whilst  in  the  other  cases  the  gas  was  treated 
in  an  absorber.  In  constructing  the  curve,  II  and  III  have  therefore 
been  neglected. 

By  taking  the  concentration  as  abscissae,  and  the  ratios  given  in 
the  table  as  ordinates,  the  curve  represented  in  Fig.  4  is  obtained  ; 
it  is  very  like  that  in  Fig.  1,  only  the  bend  is  much  sharper,  the 
change  from  oxidation  to  non-oxidation  being  very  sudden. 


Fig  4.— Curve  exhibiting  the  relation  between  concentration  and  the  proportion  of 
"  Faraday  "  oxygen  wluch  has  disappeared. 


Concentration  :  percentage  of  acetate 
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With  a  0'.5  per  cent,  solution,  oxidation  just  begins,  and  it  has 
almost  reached  its  maximum  with  a  2 — 4  per  cent,  solution.  The 
nearly  constant  value  in  the  other  curve  is  not  reached  until  the 
solution  has  a  strength  of  from  10  to  15  per  cent. 

Similarly,  the  curve  obtained  for  oxidation  when  temperature  is 
made  to  vary  has  been  constructed,  Fig.  5,  from  the  following  data 
(Table  YII)  :— 

Table  VII. 


I. 

II. 

III. 

IV. 

Y. 

YI. 

Temperature  centigrade. 

0° 

.. 

50° 

65° 

80° 

95° 

0-27 
45-23 
54-50 

0-31 
44-50 
55-19 

0-40 

40-82 
58-78 

0-89 
35-78 
63-33 

4-17 
27-53 
68-30 

25-64 

8-26 

Ethane 

66  "10 

100  -00 

100 -00 

100-00 

100  -00 

300-00 

100  -00 

A.  Available  oxygen. .  . . 

B.  Oxygen  which    has  1 

disappeared J 

4-63 
4-36 

5-34 
5-03 

8-98 

8-58 

13-77 

12-88 

20-38 
16-21 

28-92 
3-28 

Ratio  ^ 

0-94 

0-94 

0-95 

0-93 

0-79 

0  11 

A 

Fig.  5. — Curre  exhibiting  the  relation  between  temperature  and  the  proportion 
of  "Faraday"  oxygen  which  has  disappeared. 


Temperature. 

The  ratio  here  again  represents  the  amount  of  oxygen  used  in  ox- 
idising the  electrolyte,  as  compared  with  the  total  oxygen  which  would 
be  evolved  if  no  oxidation  took  place.     These  two  curves  show  how 
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tlie  complete  oxidation  of  the  electrolyte  to  carbonic  anhydride  varies 
with  the  yield  of  ethane,  so  that  the  amount  of  oxidation  diminishes 
■with  diminution  in  the  yield  of  ethane.  But  it  is  evident  that  they 
change  at  different  rates  ;  in  both  instances  the  change  in  the  amount 
of  oxidation  is  more  sudden  than  the  change  in  the  yield  of  ethane. 
It  has  also  been  pointed  out  that,  in  whatever  way  the  conditions  of 
the  electrolysis  may  be  altered,  the  yields  of  ethane  and  oxygen  are 
differently  affected.  By  comparing  the  oxidation  curves  themselves, 
it  is  seen  that  the  oxidation  falls  off  more  rapidly  with  rise  of  tem- 
perature than  with  dilution  of  the  solution.  Oxidation  curves,  having 
for  ordinates  proportional  oxidation,  and  for  abscissaB  strength  of  cur- 
rent and  size  of  anode,  respectively,  have  not  been  constructed ;  but 
from  an  examination  of  the  values  for  oxygen,  in  the  experiments  on 
these  points,  it  is  evident  that  the  most  complete  oxidation  is 
obtained  by  varying  the  current.  Whilst  the  ethane  diminishes, 
according  to  the  curve  exhibited  in  Fig.  2  (p.  22),  the  oxidation 
continues  uniform  as  far  as  the  current  was  reduced,  thus — 


Current  =  5"2      amperes. 

Ratio,  =  0-81 

Calculated  1  _  qi 
oxidation  J 

„        =  0-11 

»       =  0-51 

=  96, 

„        =  0-045        „ 

„        =  0-256 

=  96. 
Perfect    1  _  .a/ 

oxidation  J 

When  the  anode  varies,  the  oxidation  is  very  much  the  same  as  when 
concentration  varies.  The  different  manner  in  which  the  oxidation 
is  affected  by  changes  in  the  individual  conditions  (namely ^  cpncen - 
tration,  strength  of  current,  size  of  anode,  and  temperature)  is 
apparent  at  a  glance,  from  the  curves  tabulated  in  Fig.  6.  Here 
the  proportional  oxidations  are  plotted  against  the  ratios  ethane  to 
hydrogen,  obtained  by  varying  in  succession  the  four  conditions  in 
question. 

It  will  be  noticed  that  with  a  ratio  of  about  0-75,  no  matter  by 
what  means  it  is  produced,  the  accompanying  oxidation  is  always  the 
same.  For  other  ratios,  however,  the  four  conditions  are  seen  to 
give  rise  to  very  different  amounts  of  oxidation.  The  presence  of 
alkali  appears  to  favour  oxidation. 

Besides  the  theory  of  the  formation  of  ethane  here  adopted,  there 
is,  as  already  stated,  another  view,  which  originated  with  Kolbe  him- 
self, and  which,  in  a  somewhat  modified  form,  is  now  supported  by 
Bourgoin,  Jahn,  and  Bunge.  They  consider  the  ethane  to  be  produced 
by  a  partial  oxidation  of  the  acetic  acid  by  the  electrolytic  oxygem. 

It  is  assumed  that  acetic  acid  is  first  produced  (according  to  the 
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Faraday  electrolysis),  and  at  the  same  time  oxygen,  and  further  that 
the  oxygen  attacks  the  acetic  acid  so  formed,  thus  : — 

2CH3-COOH  +  0  =.C2H6  4-  200^  -}-  H2O. 


Fig-,  6. — Curves  exhibiting  the  relation  between  complete  oxidation  to  carbonic  acid,  and 
the  ratios  [ethane  :  hydrogen]  as  produced  by  varying  concentration,  current,  size  of 
««^     anode,  and  temperature. 


Ratio  [ethane  :  hydrogen]. 

If  the  reaction  were  to  proceed  entirely  according  to  this  equation, 
then  equal  volumes  of  hydrogen  and  ethane  would  result  from  the 
electrolysis  ;  but  part  of  the  acetic  acid  is  completely  oxidised  to 
carbonic  acid — 

CHg-COOH  +  40  =  2CO2  +  2H2O. 

Such  a  conception  of  the  nature  of  the  reaction  in  question  seems 
highly  improbable.     The  method  of  explanation  is,  to  say  the  least, 
VOL.  LXI.  j> 
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somewhat  roundabout ;  and,  although  it  would  be  a  diffictilt  matter 
to  disprove  these  assumptions,  numerous  facts  point  to  the  unlikeli- 
hood of  their  theory  being  tbe  correct  one.  The  oxidation  theory  does 
not  afford  a  ready  explanation  of  the  formation  of  methyl  acetate,  or 
of  the  formation  of  butyl  valerate  in  the  electrolysis  of  potassium 
valerate.  It  would  also  appear  that  acetic  acid  is  not  easily  oxidised 
by  electrolytic  oxygen,  for  a  solution  containing  10  per  cent,  of  sulph- 
uric acid  and  10  per  cent,  of  acetic  acid  when  electrolysed  was  found 
to  give  scarcely  a  half  per  cent,  of  carbonic  anhydride  in  the  evolved 
gas. 

Assuming  the  oxidation  theory  to  be  correct,  it  has  already  been 
shown  that  the  amounts  of  the  two  reactions — the  complete  and  the  * 
partial  oxidations  (ethane  formation) — change  at  different  rates  with 
change  of  concentration,  &c.  Instead  of  plotting  the  proportional 
oxidation,  that  is,  the  amount  of  oxidation  which  takes  place  as  com- 
pared  with  the  total  possible  oxidation,  we  may  tabulate  the  actual 
amount  of  oxygen  used  up  for  both  oxidations  as  compared  with  the 
total  available  oxygen  which  is  equal  to  half  the  hydrogen  evolved. 
The  curves  are  shown  in  Figs.  1    (p.   21)  and   7.     The  oxygen  for 

Fig.  7. — Curve  exhibiting    the    relation   between    concentration,  and  the  proportion  of  fch( 
total  oxygen  (=  i  hydrogen)  which  has  disappeared  in  complete  oxidation  to  carbonic  acid 

g 
go  II 

OB     ^     O 

g  1-3 

&  ^ 

Concentration  :  percentage  of  acetate. 

partial  oxidation  (ethane  formation)  is  half  the  volume  of  ethane 
produced,  and  the  oxygen  for  complete  oxidation  is  simply  the  oxygen 
which  has  otherwise  disappeared.  Each  of  these  series  of  values  must 
be  -divided  by  the  total  available  oxygen.  The  concentrations  are 
plotted  on  the  horizontal,  and  the"oxidation  ratios  on  the  vertical,  axis  ; 
available  oxygen  =  100.  The  partial  oxidation  curve  is  simply  a  re- 
production of  the  concentration  curve,  Fig.  1.  It  is  now  evident  that, 
on  dilution,  the  amount  of  partial  oxidation  diminishes,  while  the 
amount  of  complete  oxidation  increases  up  to  a  certain  point  which  is 
not  determined,  and  then  suddenly  falls  to  zero.     Jahn  assumed  in 
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support  of  the  oxidation  theory  that  the  more  condensed  oxygen  pro- 
duced a  more  perfect  oxidation ;  hence,  by  using  a  small  anode,  the 
oxidation  would  proceed  further  and  the  yield  of  ethane  be  reduced. 
His  experimental  results  bearing  on  this  point  have  already  been  con- 
tradicted, and  as  to  the  more  highly  condensed  oxygen  effecting  a 
more  perfect  oxidation  (so  far  as  complete  oxidation  to  carbonic 
anhydride,  at  least,  is  concerned)  the  oxidation  curves,  Figs.  1  and  7, 
point  to  the  reverse  being  the  case,  namely,  that  with  increased  con- 
densation the  oxidation  to  carbonic  anhydride  is  less  complete. 

An  instance  has  also  been  given  (p.  25)  where  a  diminution  in 
the  size  of  the  anode,  that  is,  an  increased  current  density,  shows  a 
diminisbed  amount  of  complete  oxidation,  the  partial  oxidation 
(ethane  formation)  remaining  constant. 

In  the  experiments  on  strength  of  current,  it  was  also  conspicuously 
evident  that  large  diminutions  in  the  current  produced  very  little 
change  in  the  amount  of  oxygen  evolved ;  the  oxidation  jfigures  are 
themselves  given  on  p.  32. 

It  would  seem,  therefore,  that  an  increase  in  the  current  density 
lessens  the  amount  of  complete  oxidation  to  carbonic  anhydride,  whilst, 
if  the  oxidation  theory  be  true,  it  increases  the  amount  of  partial  oxi- 
dation to  etbane,  which  seems  a  very  unlikely  state  of  matters.  For 
the  complete  oxidation  of  the  acetic  acid,  eight  times  more  oxygen  is 
required  than  for  the  partial  oxidation,  and  one  would,  therefore, 
expect  the  complete  oxidation  to  cease  first. 

If  the  ethane  is  formed  by  the  simple  interaction  of  the  acetions, 
and  not  by  oxidation,  the  rise  in  the  amount  of  complete  oxi- 
dation (Fig.  7)  is  easily  accounted  for.  As  the  ethane  diminishes, 
the  oxygen  produced  in  the  Faraday  electrolysis  increases  in  quan- 
tity ;  so  that  the  increased  oxidation  is  simply  due  to  the  presence  of 
a  larger  supply  of  oxygen.  As  to  the  portion  of  the  electrolyte  which 
undergoes  this  complete  oxidation,  it  cannot  be  acetic  acid,  for  it  has 
been  seen  that  acetic  acid  is  hardly  attacked  by  electrolytic  oxygen. 
The  simplest  view  to  take  is  that  the  acetions  themselves  suffer 
oxidation  to  carbonic  anhydride. 

Several  experiments  were  made  using  equivalent  solutions  of 
potassium,  sodium,  and  calcium  acetates,  and  it  was  found  that  the 
ratios  obtained  by  electrolysing  these  solutions  were  the  same.  The 
following  -are  the  figures  : — 

20*0  per  cent,  solution  potassium  acetate.    Ratio  —^ — =  0805. 

hydrogen 
167         „  „         sodium  „  „  „         =  O'SIO. 

15-1         ,.  „        calcium  „  „  „         =  0-804. 

Acetates,  therefore,  whether  they  contain  univalent   or   bivalent 

D  2 
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metals,  are  similarly  affected  by  the  electrolytic  current.  This  is  a 
proof  that  the  formation  of  ethane  is  independent  of  the  metal  of  the 
salt;,  but  dependent  only  on  the  acetion. 

I  would  take  this  opportunity  of  expressing  my  cordial  thanks  to 
Professor  Crum  Brown  and  Dr.  James  Walker  for  many  important 
suggestions  received  during  this  investigation. 


III.— CONTRIBUTrONS    FROM     THE     LABORATORIES    OF 
THE  HERIOT  WATT  COLLEGE,  EDIISTBURGH. 

The  Synthetical  Formation  of  Closed  Carbon  Chains.     Part  II 
(continued).     Derivatives  of  Tetramethylene. 

By  W.  H.  Perkin,  Jun.,  Ph.D.,  F.R.S.,  and  W.  Sinclair,  B.Sc. 

In  a  former  research  (Trans.,  1887,  51,  1),  it  was  shown  that  tri- 
methylene  bromide  reacts  with  the  sodium  compound  of  ethyl 
malonate  with  formation  of  ethyl  tetramethylenedicarboxylate  : 

2CHN'a(COOC2H5)2  +  CH^Br-CH^-CHaBr  = 

CH2<^^>C(COO02H5)2  +  CH2(COOC2H5)2  +  2NaBr. 

This  ethereal  salt,  on  hydrolysis,  yields  the  corresponding  bibasic 
acid,  which,  when  heated  above  its  melting  point,  is  decomposed  with 
elimination  of  carbonic  anhydride  and  formation  of  tetramethylene- 
monocarboxylic  acid  : 

CH2<^^^>C(COOH)2  =  CH2<^^>CH-COOH  +  CO^. 

Owing  to  the  formation  of  large  quantities  of  ethyl  pentanetetra- 
carboxylate  in  the  above  reaction,  the  yield  of  tetramet'iylenecarb- 
oxylic  acid  obtained  is  so  small  that  only  those  properties  of  the 
acid  could  be  investigated  which  had  a  direct  bearing  on  the  ques- 
tion of  its  constitution. 

During  the  course  of  some  investigations  on  ethyl  pentanetetra- 
carboxylate,  a  considerable  quantity  of  crude  ethyl  tetramethylene- 
dicarboxylate accumulated,  and  we  have  taken  this  opportunity 
of  studying  the  properties  of  tetramethylene  derivatives  more 
thoroughly. 

Tetramethylenecarboxylic  acid  is  characterised  by  extreme 
stability,  and  all  previous    experiments    instituted    with  a   view  to 
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obtaining  bromine  and  other  substitution    derivatives  were  unsuc 
cessful. 

Auwers  and  Bernhardi  (Ber.,  24,  2209)  bave  lately  studied  the 
action  of  bromine  on  fatty  acids  in  the  presence  of  phosphorus  (the 
so-called  Hell-Volhard-Zelinsky  method),  and  as  the  result  of  their 
experiments,  these  chemists  are  led  to  the  conclusion  that  all  acids 
which  contain  a  hydrogen  atom  in  the  a-position  readily  form 
bromine  substitution  products,  the  bromine  displacing  the  a-hydrogen 
atom. 

As  tetramethylenecarboxylic  acid,  QTr^Qtr-rOOH'  ^°^*^^^^  ^ 
hydrogen  atom  in  the  a-position,  we  have  investigated  the  action  of 
bromine  on  this  acid  in  the  presence  of  phosphorus,  and  we  find 
that  by  this  means  an  almost  quantitative  yield  of  monobromotetra- 

methylenecarboxylic  acid,  '         '        nnnTi^  ^®  obtained. 

0112*  O  Jjr  •  U  U  Uxi 

This  acid  has  been  very  carefully  investigated,  as  it  appeared 
possible  that  under  suitable  conditions  hydrogen  bromide  might  be 

^       .,    CH2-CH 
eliminated  with  formation   of   an  unsaturated   acid,     i       .r'.pQQtr' 

the  study  of  which  would  yield  very  interesting  results.     When  di- 
gested with  aqueous  potassium  hydrate  solution,  the  bromo-acid  yields 

CH2'CM2 
hydroxy  tetramethylenecarboxylic     acid,      '       .p/oTT'^'POOH       ^^^^ 

little,  if  any,  of  an  unsaturated  acid  being  produced ;  the  action  of 
alcoholic  potash  or  of  sodium  ethylate  converts  the  bromo-acid  into 

PTT  •PTT 
ethoxytetramethylenecarbozylic  acid,  ^h'-C(OCA)-COOH- 

As  these  experiments  did  not  lead  to  the  desired  result,  our  atten- 
tion was  turned  to  hydroxytetramethylenecarboxylic  acid,  because  it 
was  thought  probable  that  dehydrating  agents  acting  on  this  acid 
might  remove  the  elements  of  water,  forming  the  unsaturated  acid, 
thus : — 

CH2-CH2  ^  CH2-CH  _^  jj^Q 

CH2-C(0H)-C00H  CH2-C-C00H 
Owing  to  the  great  stability  of  the  hydroxy-acid,  nothing  but 
negative  results  have  so  far  been  obtained;  sulphuric  acid  decom- 
poses the  acid  with  formation  of  carbon  monoxide.  Zinc  chloride 
and  other  dehydrating  agents  convert  the  acid  into  high  boiling 
products,  and  sodium  acetate  and  acetic  anhydride  at   230°  simply 

CH2'CH2 
produce  the  correspondmg  acetate,  ^h^.(1,(oc,H.O)-COOH- 

Further  experiments  on  this  subject  are  in  progress. 
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The  reaction  between  ethylene  bromide  and  the  sodium  compound 
of  ethyl  acetoacetate  has  repeatedly  been  made  the  subject  of  inves- 
tigation, and  the  examination  of  the  primary  product  of  the  reaction 
appears  to  leave  no   doubt  that  this   substance   is   ethyl   acetyltri- 

CH  'CO  CH 

methylenecarboxylate,  ^^^^  „  ^C<i,  mixed  with  varying  pro- 
00002x15  OII2 

portions   of    the   isomeric    ethyl    methyldehydropentonecarboxylate, 

COOC^Hs-CiCCCHa) 

CH2  *  CH2 
Ethyl    acetyltri methylenecarboxylate,  on    hydrolysis,    yields  the 
corresponding  acid ;  and  this,  on  distillation,  is  converted  into  acetyl- 

trimethylene,    0H3*C0*CII<  1     ^    and    carbonic    anhydride;    ethyl 

0Jti2 

methyldehydropentonecarboxylate    under    similar   conditions    yields 

CH:C(CH3) 
the     isomeric    methyldehydropentone,   '  >0.       Similarly, 

0±l2  —  0X12 

ethyl  benzoyltrimethylenecarboxylate  is  produced  by  the  action  of 
ethylene  bromide  on  the  sodium  compound  of  ethyl  benzoylacetate ; 
in  this  case,  however,  no  trace  of  the  isomeric  ethyl  phenyldehydro- 
pentonecarboxylic  acid  appears  to  be  formed ;  the  free  benzoyl- 
trimethylenecarboxylic  acid,  on  distillation,  is  converted  quantita- 
tively into  carbonic  anhydride  and  benzoyltrimethylene, 

PIT 
CeH5•C0•CH<^^^ 

Trimethylene  bromide  also  reacts  readily  with  the  sodium  com- 
pounds of  ethyl  acetoacetate  and  ethyl  benzoylacetate,  in  both  instances 
with  formation  of  dehydrohexone  derivatives,  that  is,  of  ethyl  methyl- 

CH3-C-0-CH2 
dehydrohexonecarboxylate,  ^^^^  ^t  r\.r^TT  riTT    ^^^  ethyl  phenyl- 

0OO02ll5'0   0£l2*Oll2 

PTT^P— O— PIT 
dehydrohexonecarboxylate,    ^^^^  tt  M  /-.rr  Att  '    ^^   trace   of    the 

0OO02H5'0*0H2*0rl2 

isomeric  tetramethylene   derivatives   being   produced,  and  the  acids 

obtained   by  the  hydrolysis  of  these   ethereal    salts    yield,    on    dis- 

riTT  ,p Q PH 

tillation,    methyldehydrohexone,  ^  1\tt  r^a    nxs^     ^^^     phenyl- 

CH*CH2*OH2 

dehydrohexone,  (Jh-CH  -CH  '  ^"^^^P^^^^^^^J- 

As  it  is  therefore  not  possible  to  obtain  keto-derivatives  of  tetra- 
methylene corresponding  to  acetyltrimethylene  (trimethylene  methyl 
ketone)  and  benzoyltrimethylene  (trimethylene  phenyl  ketone)  by 
this  means,  it  appeared  to  us  that  it  would  be  interesting  to  endeavour 
to  prepare  these  substances   from  tetramethylenecarboxylic  acid,  in 
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order  to  b3  able  to  institute  a  direct  comparison  between  the  two 
series  of  ketones.  The  following  are  the  results  of  our  experi- 
ments : — 

Tetramethylenecarboxylic  chloride  reacts  very  readily  with  zinc 
methide  with  formation  of  tetramethylene  methyl  ketone  : 

This  interesting  compound  boils  at  134°,  or  about  22°  higher  than 
trimethylene  methyl  ketone  (b.  p.  112°),  and  there  is  a  considerable 
similarity  between  the  two  substances,  those  properties  of  the  latter 
which  are  dependent  on  the  instability  of  the  trimethylene  ring  being 
naturally  absent  in  the  stable  tetramethylene  compound.  In 
their  behaviour  towards  reducing  agents,  for  example,  the  two 
ketones  differ  widely.  Trimethylene  methyl  ketone,  when  reduced  by 
sodium  in  moist  ethereal  solution,  is  concerted  into  propylmethyl- 
carbinol  (Trans.,  1891,  59,  874)  : 

I     '>CH-C0-CH3  +  2H2  =  CH3-CH2-OH2-CH(OH)-OH3, 

whereas  tetramethylene  methyl  ketone,  under  precisely  similar  cir- 
cumstances, yields  the  corresponding  tetramethylenemethylcarbinol : 

CH^-CHa  _   CHa-CHo 

CHa-CH-CO-CHg  "^      '  ~  CH2-CH-CH(OH)-CH3. 

And,  again,  other  reagents  such  as  fuming  hydrobromic  acid  and 
boiling  dilute  hydrochloric  acid,  which  so  readily  decompose  the 
trimethylene  ring,  appear  to  have  no  action  whatever  on  tetra- 
methylene methyl  ketone. 

This  interesting  point  is  again  clearly  brought  out  on  comparing 
the  properties  of  trimethylene  phenyl  ketone  with  those  of  tetra- 
methylene phenyl  ketone.  The  latter  may  be  readily  prepared  by 
treating  a  solution  of  tetramethylenecarboxylic  chloride  in  benzene 
with  aluminium  chloride,  thus: — 

CH.-CH,  ^  CH..CH. 

CH^-CH-COCl    ^     '    '       CH^-CH-CO-CeHs  ^ 

It  is  a  colourless  oil  boiling  at  258 — 259°,  or  about  18°  higher  than 
the  corresponding  trimethylene  phenyl  ketone  (b.  p.  239 — 240°, 
720   mm.).     On  reduction,  it   yields   tetramethylenephenylcarbinol, 

CH2-CH-CH(OH)-C6H5'  "^^^""^^^  trimethylene  phenyl  ketone 
under   similar   conditions   is   converted   into    propyl phenylcarbinol, 
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C6H6-CH(OH)-CH2-CH2-CH3  (Trans.,  1891,  59,  885).  In  their  be- 
haviour towards  fuming  hydrobromic  acid,  again,  these  ketones  differ 
widely,  as,  under  these  circumstances,  trimethylene  phenyl  ketone 
yields  benzoylpropyl  bromide,  C6H5*CO*CH2*CH2*CH2Br,  whereas 
tetramethylene  phenyl  ketone  is  not  acted  on  by  this  reagent. 

Several  other  interesting  compounds  are  described  in  this  paper, 
and  a  special  point  has  been  made  of  the  study  of  the  magnetic  rota- 
tion of  the  substances  obtained. 

The  magnetic  rotation  and  also  the  density  determinations,  which 
were  made  most  carefully  by  W.  H.  Perkin,  sen.,  have  again  proved 
most  valuable  as  a  means  of  discriminating  between  closed  chain 
derivatives  and  unsaturated  compounds,  and  they  show  in  the  clearest 
manner  how  very  similar  these  tetramethylene  compounds  are  to  or- 
dinary saturated  compounds  of  the  fatty  series  containing  2  atoms  of 
hydrogen  more. 

T        T     J   .  y  C-ti2*Gxi2 

Tetramet/iylenemonocarooxylic  Acid,   i         i       r^r\nTT' 

The  preparation  and  properties  of  this  acid  have  been  briefly 
described  in  a  former  communication  (Trans.,  1887,  51,  1).  In  pre- 
paring large  quantities  of  it,  the  following  method  has  been  found  to 
give  good  results. 

320  grams  of  ethyl  malonate  is  dissolved  in  a  cold  solution  of 
46  grams  of  sodium  in  550  grams  of  absolute  alcohol,  210  grams  of 
trimethylene  bromide  added,  and  the  whole  allowed  to  stand,  in  a 
capacious  flask  connected  with  a  reflux  apparatus,  until  the  somewhat 
violent  reaction  which  soon  sets  in  has  subsided.  The  product,  which 
should  be  quite  neutral,  is  heated  on  a  water-bath  until  the  bulk  of 
the  alcohol  has  distilled  over,  when  the  residue  is  mixed  with  water 
and  extracted  three  times  with  ether ;  the  ether  is  then  evaporated, 
and  the  resulting  thick  oil,  which  consists  of  a  mixture  of  ethyl  tetra- 
methylenedicarboxylate,  ethyl  pentanetetracarboxylate,  and  unchanged 
ethyl  malonate,  is  subjected  to  rapid  distillation  in  a  current  of  steam 
until  no  more  oily  drops  pass  over  with  the  condensed  water.  The 
distillate  is  extracted  three  times  with  ether,  the  ethereal  solution 
dried  over  calcium  chloride,  evaporated,  and  the  colourless,  oily 
residue  purified  by  fractional  distillation. 

The  fraction  180 — 240°  is  hydrolysed  by  boiling  with  twice  the 
calculated  quantity  of  alcoholic  potassium  hydrate  for  two  hours,  the 
alcohol  distilled  off,  the  residue  mixed  with  water,  evapoiated  on  a 
water-bath  till  quite  free  from  alcohol,  acidified,  and  extracted  five 
times  with  pure  ether.  The  ethereal  solution  is  then  dried  over 
calcium  chloride,  evaporated,  and  the  residual  crude  tetramethylene 
dicarboxylic  acid  distilled  in  quantities  of  about  50  grams  at  a  time 
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and  tlius  decomposed  into  carbonic  anhydride  and  tetrametliylene- 
monocarboxylic  acid.  The  crude  monobasic  acid  thus  obtained  is 
then  farther  purified  by  fractional  distillation,  the  portion  boiling 
between  192° and  197°being  used  in  subsequent  experiments.  The  yield 
of  tetramethylenemonocarboxylic  acid  obtained  by  this  method  is 
about  130  grams  from  1  kilo,  of  ethyl  malonate  or  about  40  per  cent, 
of  the  theoretical  yield.  Freund  and  Gudeman  (Ber.,  21,  2694), 
using  a  slightly  different  method,  state  that  they  obtained  only  8  per 
cent,  of  the  theoretical  yield. 

In  connection  with  this  research,  Dr.  Walker  has  kindly  determined 
the  dissociation  constants  for  the  electrical  conductivity  of  tetra- 
methylenedicarboxylic  acid  and  tetramethylenemonocarboxylic  acid, 
with  the  following  results  : — 

Tetramethylenedicarboxylic  acid  [1:1] K  =  0'0834. 

Tetrametliylenemonocarhoxylic  acid K  =  0'00182. 

It  is  interesting  to  note,  as  demonstrating  the  saturated  nature  of 
these  substances,  that  solutions  of  the  pure  acids  in  sodium  carbonate 
do  not  decolorise  potassium  permanganate  even  on  long  standing. 

0X12*0112 

Tetramethylenecarhoxylic  Chloride,   I         I       ^^^,. 

0112*  O  H*  U  U  0 1 

This  substance,  which  has  been  obtained  in  small  quantities  by 
Freund  and  Gudeman  {Ber.,  21,  2696),  is  best  prepared  as  follows  : — 

20  grams  of  the  pure  acid  and  11  grams  of  freshly  distilled  phos- 
phorus trichloride  are  heated  by  means  of  an  oil-bath  in  a  flask  con- 
nected with  a  reflux  condenser  for  half  an  hour,  the  temperature 
being  so  regulated  that  the  mixture  just  boils.  The  product  is  care- 
fully decanted  from  the  layer  of  phosphorous  oxide  which  forms,  and 
twice  fractioned.  In  this  way,  20  grams  of  pure  tetramethylenecarb- 
oxylic  chloride  are  obtained  boiling  constantly  at  137 — 139°  (BVeund 
and  Gudeman  give  the  boiling  point  as  142 — 143°)  ;  this,  on  analysis, 
gave  the  following  result : — 

0"2021  gram  substance,  heated  with  nitric  acid  and  silver  nitrate  in 
a  sealed  tube  at  150 — 160°  for  two  hours,  gave  0*2455  gram  AgCl. 

Theory. 
C5H-OCI.  Found. 

CI 29-95  per  cent.  30-07  per  cent. 

PH  'CII 

Monohromotetramethylenecarhoxylic  Acid,  X, ^T  X,,^    ^^^tx' 
^  ^  CH2*CBr*C00H 

As  stated  in  the  introduction,  this  acid  is  readily  prepared  by  acting 
on   tetramethylenecarhoxylic  acid  with  bromine  in  the  presence  of 
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phosphorus.  The  apparatus  employed  in  our  experiments  on  the 
bromination  of  tetramethylenecarboxylic  acid  consisted  of  a  round- 
bottomed  flask  of  about  300  c.c.  capacity,  connected  with  a  Liebig's 
condenser  by  means  of  a  piece  of  stout  rubber  tubing  stretched  over 
the  end  of  the  condensing  tube,  and  inserted  into  the  neck  of  the 
flask  so  as  to  make  a  tight  joint,  and  at  the  same  time  expose  only  a 
very  small  surface  of  india-rubber  to  the  action  of  the  bromine  and 
hydrogen  bromide  vapours.  A  dropping  funnel,  fitted  with  a  long 
delivery  tube,  was  inserted  loosely  in  the  open  end  of  the  upright 
condenser. 

50  grams  of  pure  tetramethylenecarboxylic  acid  was  mixed  with 
3  grams  of  dry  amorphous  phosphorus  in  the  flask,  and  150  grams 
of  bromine  added  very  slowly  from  the  dropping  funnel ;  the  reaction 
took  place  at  once  with  considerable  evolution  of  heat,  and  much 
hydrogen  bromide  escaped  from  the  end  of  the  condenser.  As  soon 
as  the  whole  of  the  bromine  had  been  added  (the  operation  takes  about 
two  hours),  the  flask  was  gently  heated  by  means  of  a  paraffin-bath 
for  about  three  hours,  the  condenser  was  then  removed,  and  the 
heating  continued  until  all  traces  of  bromine  vapour  had  disap- 
peared. 

The  heavy,  dark- coloured,  oily  product  was  well  cooled,  poured 
into  water,  allowed  to  stand  for  10  minutes,  extracted  three  times 
with  ether,  the  ethereal  solution  filtered  from  a  few  black  specks 
which  are  usually  present,  washed  with  water,  and  carefully  dried 
over  calcium  chloride.  After  distilling  off  the  ether,  a  yellowish  oil 
remained,  which,  on  distillation  under  reduced  pressure,  passed  over 
almost  entirely  between  150"  and  155°  under  a  pressure  of  70  mm.,  as 
a  colourless  oil  which,  on  standing,  solidified  to  a  mass  of  crystals. 
These  were  spread  on  a  porous  plate  until  the  traces  of  oily  mother 
liquor  present  had  been  entirely  absorbed,  dried  over  sulphuric  acid 
under  reduced  pressure,  and  analysed  with  the  following  results : — 

I.  02004  gram  substance  gave  00750  gram  H2O  and  0'3467  gram 
CO2. 
0*4220  gram   substance,    heated   with    nitric   acid   and   silver 
nitrate  at  200°  for  three  hours,  gave  0*4392  gram  AgBr. 
II.  02810  gram  substance  gave  0*2930  gram  AgBr. 

Found. 

Theory.  , * ^ 

CjHyBrOa.  I.  II. 

C 33'52  per  cent.         33*57  —    per  cent. 

H   3*91         „  415  — 

Br 44*70         „  44*25       44*40 

Monobromotetramethylenecarboxylic  acid  melts  at  about  48 — 50°, 
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and  the  liquid,  on  cooling,  solidifies  to  a  mass  of  beautiful,  colourless, 
pearly  plates  whicli  have  a  faint  butyric  odour.  It  is  readily  soluble 
in  alcohol,  ether,  and  warm  light  petroleum,  but  only  sparingly  in 
water,  although  it  is  readily  decomposed  by  boiling  with  this  solvent 
with  formation  of  hydrobromic  acid.  It  dissolves  readily  in  dilute 
aqueous  potassium  hydrate  solution,  and,  on  acidifying  the  solution, 
is  deposited  again  as  an  oil.  On  boiling  the  alkaline  solution,  however, 
it  is  rapidly  decomposed  with  formation  of  hydroxytetramethylene- 
carboxylic  acid  (p.  44).  A  crystal  of  the  acid,  placed  on  the  surface 
of  a  dilute  solution  of  sodium  carbonate,  rotates  vigorously,  and 
gradually  dissolves;  the  solution  of  the  sodium  salt  thus  produced 
does  not  decolorise  potassium  permanganate,  even  on  long  standing. 

The  yield  of  the  monobromo-acid  obtained  by  the  above  method  is 
very  good  ;  in  two  cases  over  77  grams  of  the  almost  pure  acid,  boiling 
at  150 — 155**  (70  mm.),  was  obtained  from  50  grams  of  the  tetra- 
mctliylenccarboxylic  acid,  whereas  theoi'etically  it  should  have  been 
90  grams 

PIT  'PTT 
Methyl  Monobromotetramethylenecarboxylate,   I         i        ryr\r\riTT  ' 

CIi2*CBr'COOCH3 

In  the  first  experiments  on  the  bromination  of  tetramethylene- 
carboxylic  acid,  the  crude  product  of  the  action  of  bromine  on  27  grams 
of  the  pure  acid  (see  previous  section)  was  poured  into  an  excess  of 
methyl  alcohol  instead  of  into  water.  The  reason  for  this  was  that,  as 
the  methyl  salt  must  boil  at  a  very  much  lower  temperature  than  the 
acid  itself,  it  was  thought  that  the  salt  would  be  less  liable  to 
decompose  on  distillation.  After  standing  for  about  one  hour,  the 
methyl  alcohol  solution  was  poured  into  a  large  quantity  of  water, 
extracted  with  ether,  the  ethereal  solution  washed  with  water  con- 
taining a  little  sodium  carbonate,  and  then  dried  over  calcium 
chloride.  The  ethereal  solution,  after  being  filtered  from  a  small 
quantity  of  a  black,  flocculent  impurity,  was  evaporated,  and  the 
residual,  slightly-brownish  oil,  which  weighed  51  grams,  distilled 
under  reduced  pressure.  Almost  the  whole  passed  over  between  115° 
and  120°,  under  a  pressure  of  100  mm.,  and  on  repeated  fractionation, 
the  methyl  salt  was  obtained  pure  as  a  colourless  oil  boiling  con- 
stantly at  117 — -119°  (100  mm.).  The  analysis  gave  the  following 
numbers  : — 

0'1388  gram  substance  gave  00630  gram  HgO  and  01867  gram 

CO2. 
02385  gram  substance,  treated  with  nitric  acid  and  silver  nitrate 

at  180—190°  for  three  hours,  gave  0*2739  gram  AgBr. 
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Theory. 

CeHgBrOs.  Found. 

C 37-31  per  cent.  36-92  per  cent. 

H   4-67         „  5-04 

Br 41-45         „  41-00         „ 

Methyl  monobromotetramethylenecarboxylate  is  a  heavy,  colourless 
oil,  which,  when  pure,  may  be  distilled  in  small  quantities  under  the 
ordinary  pressure  with  only  slight  decomposition.  The  yield  obtained 
by  the  above  method  is  about  90  per  cent,  of  the  theoretical. 

Hydroxytetramethylenecarboxylic  Acid,   i      '  Xi/r\TT\  rM^r\     ' 

GH3*C(0H)*C00H 

This  interesting  acid  is  produced  when  monobromotetramethylene- 
carboxylic  acid  is  boiled  with  aqueous  potassium  hydrate  solu- 
tion : 

CHa-CBr-COOK  ^  CHoC(OH)-COOK  ^ 

35  grams  of  the  pure  bromo-acid  was  dissolved  in  cold,  moderately- 
dilute  potassium  hydrate  solution,  and  heated  to  boiling  in  a  flask 
connected  with  a  reflux  apparatus,  small  quantities  of  strong  potas- 
sium hydrate  being  added  from  time  to  time  in  order  to  keep  the  liquid 
always  distinctly  alkaline.  At  the  end  of  about  two  hours,  the  solution 
was  evaporated  to  a  fairly  small  bulk,  acidified  with  dilute  hydro- 
chloric acid,  and  extracted  at  least  20  times  with  pure  ether ;  the 
ethereal  solution  was  then  dried  over  calcium  chloride,  evaporated,  and 
the  residual  thick,  oily  acid  purified  by  distillation  under  reduced 
pressure  (50  mm.).  The  thermometer  rose  rapidly  to  140°,  between 
which  temperature  and  155°  a  small  quantity  of  a  colourless  oil  passed 
over;  but  the  greater  portion  distilled  between  205°  and  210°;  the 
thermometer  then  rose  rapidly  to  260°,  the  last  fraction  becoming 
completely  solid  on  standing.  The  fraction  205 — 210°  gave,"  on  ana- 
lysis, the  following  numbers  : — 

0-2333  gram  substance  gave  0'1482  gram  H2O  and  0-4414  gram 
CO2. 

Theory. 

CsHgO,.  Found. 

C    . . 51-72  per  cent.  51*60  per  cent. 

H 6-90         „  7-06 

O 41-38         „  41-34 


5J 


Hydroxytetramethylenecarboxylic  acid  is  a  thick,  colourless  syrup, 
so  thick  that  a  test-tube  containing  a  few  grams  of  it  may  be  inverted 
without  the  syrup  falling  out.     It  is  miscible  with  water  in  all  pro- 
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portions,  and  very  difficnlt  to  completely  extract  from  its  aqueous 
solution  by  treatment  with  ether.  The  acid  reduces  ammoniacal 
silver  solution  very  readily  on  warming,  but  not  Fehling's  solution 
even  on  boiling. 

The  basicity  of  the  acid  was  determined  by  titration  with  standard 
potassium  hydrate  solution, 

0'9946  gram  of  the  pure  acid  required  for  neutralisation  86  c.c.  of 
potassium  hydrate  solution  (1  c.c.  =  0'00559  gram  KOH  = 
0-4807  gram  KOH). 

A  monobasic  acid  of  the  formula  C5H8O3  requires  0"4804  gram 
KOH. 

The  salts  of  hydroxytetramethylenecarboxylic  acid  are  almost  all 
Aery  readily  soluble  in  water.  Silver  nitrate,  copper,  zinc,  and 
lead  acetates,  barium  and  calcium  chlorides  give  no  precipitate  with 
a  moderately  dilute  neutral  solution  of  the  potassium  salt.  Hydroxy- 
tetramethylenecarboxylic  acid  dissolves  in  concentrated  sulphuric 
acid  with  evolution  of  heat,  and  on  standing  a  brisk  effervescence 
takes  place,  due  to  the  escape  of  carbon  monoxide. 

It  is  extremely  probable  that  this  remarkable  phenomenon  is  due  to 
the  decomposition  of  the  hydroxy-acid  into  formic  acid  (CO  +  HgO) 
and  ketotetramethylene,  thus  : — 

6h.-C(0H)-C00H  -  CH,-CO   +  ^°°°^- 

A  reaction  of  this  nature  would  be  exactly  analogous  to  the  forma- 
tion of  acetonedicarboxylic  acid  from  citric  acid  (Pechmann,  Ber.,  18, 
2289)  and  similar  to  that  of  cumalinic  acid  from  malic  acid  (Pechmann, 
JBer.,  17,  936)  ;  the  first  of  these  reactions  takes  place  as  follows : — 

CH^-COOH  CH2-C00H 

C(OH)-COOH    =    CO  +  H-COOH. 

CH^'COOH  CH2-C00H 

Owing  to  the  small  quantity  of  material  at  our  disposal,  this  interest- 
ing decomposition  has  as  yet  not  been  further  studied. 

The  yield  of  the  distilled  hydroxy tetramethylenecarboxy lie  acid 
obtained  in  the  above  experiment  was  not  good,  at  most  about  35  per 
cent,  of  the  theoretical  yield.  The  lower  boiling  fractions  and  the 
solid  substance  mentioned  above  have  not  been  further  examined. 

CH  •PIT 
Acetoxytetramethylenecarhoxylic  Acid,  ^^ ,^^qq  g  QVCOOH 

In  the  course  of  experiments  instituted  with  the  object  of  eliminating 
the  elements  of  water  from  hydroxytetramethylenecarboxylic  acid,  a 


46       W.   H.   PERKIN,   JUN.,   AND  W.   SINCLAIR:    SYNTHETICAL 

qnantity  of  this  acid  was  heated  with  sodium  acetate  and  a  large 
excess  of  acetic  anhydride  in  a  sealed  tube  at  200 — 230°  for  four  hours. 
The  product  was  distilled  until  the  greater  bulk  of  the  acetic 
anhydride  had  been  removed,  the  residue  cooled  well,  mixed  with 
water,  allowed  to  stand  for  some  time,  and  extracted  four  times  with 
ether.  The  ethereal  solution,  after  drying  over  calcium  chloride 
and  evaporating,  deposited  a  brownish  oil ;  on  fractionating  this  under 
reduced  pressure,  an  almost  colourless  oil  passed  over,  boiling  at 
200 — 220°  (40  mm.),  which  on  standing  solidified  almost  entirely. 
The  crystalline  cake  was  spread  on  a  porous  plate  to  remove  oily 
mother  liquor,  recrystallised  from  light  petroleum,  dried  over  sulph- 
uric acid  under  reduced  pressure,  and  analysed  with  the  following 
result : — 

I.  0"1495  gram  substance  gave 0*0880  gram  H2O  and  02914  gram 
CO2. 
II.  0*1769  gram  substance  gave  0*1036  gram  H3O  and  0*3447  gram 

CO2 

Found. 

Theory.  ^ '^ v^ 

C7H10O4.  I.                  II. 

C 53*17  per  cent.  53*16         53*14  per  cent. 

H 6*83        „  6*54          6*50 

0 40*50        „  40*30        40*36 

This  substance  is  acetoxytetramethylenecarboxylic  acid.  It 
crystallises  from  light  petroleum  (b.  p.  68 — 70°)  in  groups  of 
slender  needles  which  melt  at  72 — 74°.  It  is  excessively  soluble 
in  benzene,  alcohol,  and  ether,  readily  so  in  boiling  light  petroleum, 
bat  only  sparingly  in  the  latter  in  the  cold.  It  dissolves  readily 
in  cold  water,  and  is  evidently  very  easily  hydrolysed.  The  com- 
position of  this  acid  was  farther  proved  by  liydrolysis  with  standard 
potassium  hydrate  solution  (1  c.c.  =  0*00559  gram  KOH).  0*8316  gram 
of  the  acetate  was  dissolved  in  a  little  water,  160  c.c.  of  the  potassium 
hydrate  solution  added,  the  mixture  boiled  for  an  hour  in  a  reflax  ap- 
paratus, and  neutralised  with  standard  sulphuric  acid.  It  was  thus 
found  that  106*7  c.c.  of  the  potassium  hydrate  solution  had  been 
neutralised  during  the  hydrolysis ;  this  corresponds  to  0*5964  gram 
KOH,  whereas  the  amount  required  to  neutralise  the  hydroxytetra- 
methylenecarboxylic  acid  and  the  acetic  acid  produced  from  the 
acetate  would  theoretically  be  0*5893  gram  KOH. 

CHz-CH 
JEtTioxytetramethylenecarhoxylic  Acid,    i       ^/^^  tx  \  r\r\r\T:r 

L'H2*L'(OC2H6)'L'OOH. 

If  in  the  hydrolysis  of  monobromotetramethylenecarboxylic  acid 
alcoholic    instead   of  aqueous   potash   is   employed,   a   substance   is 
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obtained  which  boils  constantly  at  230 — 232°  under  the  ordinary 
pressure ;  this,  on  analyis,  gave  numbers  agreeing  approximately 
with  those  required  for  ethoxytetramethylenecarboxylic  acid,  and  it 
appeared  to  us  interesting  to  determine  whether  by  employing  sodium 
ethylate  instead  of  alcoholic  potash,  this  ethoxy-acid  might  not  be 
obtained  in  a  pure  state.  60  grams  of  methyl  monobromotetra- 
methylenecarboxylate  was  added  to  a  solution  of  16  grams  of  sodium 
in  200  grams  of  absolute  alcohol,  and  the  product  boiled  for  two  hours 
in  a  flask  connected  with  a  reflux  apparatus.  The  solution,  which 
contained  a  quantity  of  sodium  bromide  in  suspension,  was  evaporated 
until  the  excess  of  alcohol  had  been  removed,  the  residue  dissolved 
in  water,  acidified  with  hydrochloric  acid,  and  extracted  10  times 
with  ether.  The  ethereal  solution,  after  drying  over  calcium  chloride 
and  evaporating,  deposited  a  slightly  brownish  oil  which,  on  fraction- 
ing  under  reduced  pressure  (60  mm.),  distilled  for  the  most  part 
between  160°  and  175°.  The  colourless  oil  obtained  on  redistillation 
boiled  at  164 — 165°  (60  mm.),  and,  on  analysis,  gave  the  following 
numbers  : — 

I.  0*1996  gram  substance  gave  0*1500  gram  HjO  and  0*4237  gram 
CO2. 
II.  0*1520  gram  substance  gave  0"1155  gram  H2O  and  0*3240  gram 

CO2. 

Found. 

Theory.  f " ^ 

C7H10O3.  I.  II. 

C 58*33  per  cent.  57*89         58*13  per  cent. 

H 8*33     „  8-35  8*44 

O 33*33     „  33-76        33*43 

Ethoxytetramethylenecarboxylic  acid  is  a  thick,  colourless  liquid 
which  is  readily  soluble  in  water ;  it  seems  to  be  decomposed  by  boil- 
ing with  aqueous  potassium  hydrate  solution  with  formation  of 
hydroxy tetramethylenecarboxy lie  acid . 

Tetramethylene  Methyl  Ketone,   1         1  . 

O  Ho*  C  H*  O  (J  •  O II3 

This  substance  was  readily  prepared  as  follows  : — 15  grams  of  zinc 
methide  was  mixed  with  50  grams  of  very  carefully  dried  ether, 
18  grams  of  pure  tetramethylenecarboxylic  chloride  very  slowly 
added,  the  temperature  being  kept  below  30°  by  external  cooling,  and 
every  precaution  taken  to  exclude  air  and  moisture  as  much  as 
possible.  At  the  end  of  about  half  an  hour,  water  was  cautiously 
added,  the  mixture  allowed  to  stand  for  some  time,  the  ethereal  solu- 
tion evaporated,  and  the  residual  almost  colourless  oil  purified  by 
distillation  in  a  current  of  steam.     The  distillate  was  saturated  with 
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potassium  carbonate,  extracted  several  times  with  ether,  the  ethereal 
solution  evaporated,  and  the  crude  ketone  purified  in  the  following 
way: — 

In  order  to  remove  traces  of  methyl  tetramethylenecarboxylate, 
(produced  by  the  action  of  Zn(OCH3)2  on  the  tetramethylenecarboxylic 
chloride,  see  p.  52),  the  oil  was  digested  in  alcoholic  solution  for 
20  minutes  with  a  small  quantity  of  pure  potassium  hydrate,  the 
ketone  precipitated  by  the  addition  of  water,  extracted  with  ether, 
the  ethereal  solution  well  washed  wij:h  water,  dried  over  calcium 
chloride,  evaporated,  and  the  residual  oil  submitted  to  fractional 
distillation.  In  this  way,  about  11*6  grams  of  colourless  oil  was 
obtained  boiling  constantly  at  134°  (738  mm.). 
The  analysis  gave  the  following  results  : — 


I.  0*1024    gram  substance 

gram  CO2. 
II.  0"1365    gram  substance 
gram  CO 2. 


gave    0-0977    gram  H2O  and  02744 


gave   0-1282  gram  H2O    and  03670 


Found. 


Theory. 

CeHioO. 

C 73-47  per  cent. 

H 10-20 

0 16-33 


I. 

73-08 
10-60 
16-32 


II. 


73-32  per  cent. 
10-43         „ 
16-25 

Tetramethylene  methyl  ketone  is  a  colourless  mobile  oil,  sparingly 
soluble  in  water,  and  possessing  a  strong  odour  of  peppermint;  it 
combines  with  sodium  hydrogen  sulphite  very  readily,  forming  a 
beautifully  crystalline,  pearly  double  compound,  which  resembles 
acetone  sodium  hydrogen  sulphite  in  appearance. 

The  density  and  magnetic  rotation  determinations  gave  the  follow- 
ing results  : — 

Densitij.—d4ri4r  =  0-9160;  t?575°  =  0-9155;  6^10710°  =  0-9106; 
fZ  15715°  =  0-9065;  (^  20720°  =  0-9028;  cZ  25725°  =  0-8994. 

Magnetic  Rotations. 


Average 


t. 

Sp.  rotation. 

Mol.  rotation. 

15-5^ 

0  -9837 

5-911 

15-5 

0  -9823 

5-902 

15-5 

0  -9808 

5-893 

16-5 

0  -9852 

5  -924 

16-5 

0-9837 

5-915 

19-7 

0  9754 

5-880 

19-7 

0  9792 

5  -903 

19-7 

0  -9784 

5-898 

19-7 

0-9754 

5-880 

17-0 

0  -9805 

5-901 
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Comparing  the  magnetic  rotation  of  tetramethylene  methyl  ketone 
with  that  of  the  nearest  saturated  ketone,  that  is,  methyl  butyl  ketone, 
CHg'CO'CHs'CHa'CHa'CHs,  we  find  that  the  former  possesses  a  rota- 
tion even  smaller  than  the  latter  ;  thus  : — 

Methyl  butyl  ketone  (calc.) 6*522 

Less  H2  for  difference  in  composition 0*508 

6*014 
Tetramethylene  methyl  ketone 5*901 

Difference 0*113 

This  shows  at  once  that  tetramethylene  methyl  ketone  cannot  be 
an  unsaturated  substance,  because  unsaturated  substances  invariably 
have  much  liigher  rotations  than  the  corresponding  saturated  sub- 
stances (compare  W.  H.  Perkin,  sen..  Trans.,  1889,  55,  733 — 734). 
In  a  previous  research  on  the  products  formed  by  the  distil- 
lation of  calcium  tetraraethylenecarboxylate  with  lime  (Colman, 
Perkin,  Trans.,  1887,  51,  237),  a  substance  was  obtained  which  boiled 
at  136  — 137°,  and,  on  analysis,  gave  numbers  agreeing  with  the  formula 
CsHioO.  It  smelt  strongly  of  peppermint,  combined  readily  with 
sodium  hydrogen  sulphite,  and  in  general  possessed  properties  which 
led  the  authors  to  the  conclusion  that  it  was  tetramethylene  methyl 
ketone.  There  can  be  doubt  that  this  substance  is  identical  with  the 
product  obtained  by  the  action  of  tetramethylenecarboxylic  chloride 
on  zinc  methide. 

Tetramethylene    methyl   ketone   is  isomeric  with  methyldehydro- 

hexone,  N  •       ,  which  was  obtained  by  the  distillation  of 

0  H*C'lla*C'H2 

raethyldehydrohexonecarboxylic  acid  (Trans.,  1887,  51,  723). 

CTT  •PH 

Tetramethylene  Methyl  Ketcime,  ^h!-CH-C(;N0H)-CH3  * 

In  order  to  obtain  this  substance,  5  grams  of  the  pure  ketone  was 
dissolved  in  methyl  alcohol,  mixed  with  a  solution  of  13  grams  of  pure 
])otassium  hjdrate  in  methyl  alcohol,  a  concentrated  aqueous  solution 
of  5*3  grams  of  hydroxylamine  hydrochloride  added,  and  the  whole 
allowed  to  stand  for  15  hours.  The  product  was  mixed  with  water, 
the  solution  rendered  slightly  acid  by  the  addition  of  hydrochloric 
acid,  and  extracted  three  times  with  ether ;  the  ethereal  solution  was 
then  washed  with  water,  dried  over  calcium  chloride,  and  the  residual 
oily  oxime  purified  by  distillation  under  the  ordinary  pressure. 
Almost  the  whole  distilled  between  194°  and  195°  as  a  colourless  oil, 
which  solidified  completely  on  standing  for  some  days.     The  crystals 

VOL.  LXI.  JB 
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were  freed  from  traces  of  oily  mother  liquor  by  spreading  on  a  porous 
plate,  recrystallised  from  water,  and  the  thick,  colourless  prisms  thus 
obtained,  after  drying  over  sulphuric  acid  under  reduced  pressure, 
analysed  with  the  following  results  : — 

0-1166  gram  substance  gave  0'1064  gram  H2O  and  0-2274  gram  CO2. 
0-1309  gram  substance  gave  13-7  c.c.  N;  ^  =  13° ;  bar.  =  755  mm. 

Theory. 
CgHiiNO.  Found. 

C 63-72  per  cent.         63-71  per  cent. 

H.  ......        9-73         „  10-14 

K 12-39         „  12-25 

Tetramethylene  methyl  ketoxime  melts  at  60 — 61°,  and  possesses  in 
a  marked  degree  the  odour  characteristic  of  oximes.  It  is  readily 
soluble  in  alcohol,  benzene,  light  petroleum,  and  hot  water,  less  so  in 
cold  water;  it  dissolves  readily  in  concentrated  hydrochloric  acid,  and 
in  moderately  concentrated  sodium  hydrate  solution  in  the  cold.  If  the 
solution  in  hot  water  is  allowed  to  cool  slowly,  the  ketoxime  is 
gradually  deposited  in  beautiful,  colourless,  six-sided  prisms. 

p  TT  .p  tr 

Tetramethylenemethylcarhinol,  (J.jj^.(|ipi!qjj(0H)-CH3* 

The  reduction  of  tetramethylene  methyl  ketone  to  the  correspond- 
ing secondary  alcohol  is  readily  accomplished  by  means  of  sodium  in 
moist  ethereal  solution.  10  grams  of  the  pure  ketone  was  dissolved 
in  ICO  grams  of  pure  ether;  the  solution  floated  on  a  strong  solution 
of  j-odium  hydrate,  contained  in  a  stout  bottle  fitted  with  a  reflux 
condenser,  and  then  a  large  excess  of  sodium  gradually  added,  and 
small  quantities  of  water  from  time  to  time,  if  necessary,  the  course  of 
the  reaction  being  moderated  by  cooling  the  bottle  with  a  stream  of 
water.  The  ethereal  solution  was  separated,  washed  with  a  little 
very  dilute  hydrochloric  acid,  then  with  water,  dried  over  potassium 
carbonate,  evaporated,  and  the  oily  residue  purified  by  fractional  dis- 
tillation. Almost  the  whole  passed  over  between  140°  and  150°, 
leaving  only  a  very  small  residue  of  high  boiling  point  in  the  retort ; 
on  redistillation,  a  colourless  oil  was  obtained  boiling  constantly  at 
144 — 145°  ;  this  gave  the  following  results  on  analysis  : — 

0-1942  gram  substance  gave  0-2142  gram  H2O  and  0-5071  gram 

CO2. 

Theory. 

CgHjaO.  Found. 

C    72-00  per  cent.  71*78  per  cent. 

H 1200         „  12-25 

O    16-00        „  15-97 
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Tetramethylenemethylcarbinol  is  a  colourless,  mobile  liqaid,  possess- 
ing a  powerful  odour  strongly  resembling  that  of  menthol  ;  it  boils 
constantly  at  144 — 145°. 

Cll2'C'll2 

Tetramethylene  Ethyl  Ketone^   I         i       ^^  >-^  tt  • 

This  ketone  is  readily  produced  by  the  action  of  tetraraethylene- 
carboxylic  chloride  on  zinc  ethide,  and  as  considerable  quantities  of 
it  were  required,  numerous  experiments  were  instituted  with  the 
object  of  working  out  a  method  of  preparation  which  would  give  a 
good  yield  of  the  pure  substance.  Ultimately  the  following  process 
was  adopted  : — 

Into  a  large  flask,  filled  with  dry  carbonic  anhydride,  about  100 
grams  of  very  carefully  purified  and  thoroughly  dry  ether  is  placed  ; 
30  grams  of  zinc  ethide  are  added,  and  then  50  grams  of  tetra- 
methylenecarboxylic  cbloride  slowly  dropped  in  from  a  dropping 
funnel.  At  first,  scarcely  any  reaction  appears  to  take  place,  and 
there  is  very  little  evolution  of  heat,  but,  on  standing  for  a  few 
minutes,  the  mixture  rapidly  becomes  warm,  and  a  very  vigorous 
reaction  sets  in,  so  that  it  is  necessary  to  watch,  and  now  and  then 
cool  the  flask  under  the  tap,  otherwise  loss  from  boiling  over  may 
occur.  As  soon  as  the  decomposition  is  at  an  end,  water  is  cautiously 
added,  the  ethereal  solution  separated,  evaporated,  and  the  residual 
oil  submitted  to  distillation  in  a  current  of  steam.  The  distillate  is 
txtracted  with  ether,  the  ethereal  solution  dried  over  calcium  chloride, 
evaporated,  and  the  crude  ketone  fractionated. 

In  our  first  experiments,  almost  the  whole  of  the  ketone  thus  pre- 
pared boiled  constantly  at  153°,  and  gave  the  following  results  on , 
analysis  : — 

I.  0'2036  gram  substance  gave  0'1860  gram  H2O  and  0  5300  grdm 
CO,. 
II.  01026  gram  substance  gave  0*0954  gram  H2O  and  0*2672  gram 
CO2. 

Found. 

Theory.  f "■ — >; 

C\Hh6.  J.  II. 

C 75-00  per  cent.         70*99         71*02  per  cent. 

H 10*72         „  10*14         10*83 

O 14*28        „  18*87         18*65 

These  analyses  differ  from  theory  by  a  minus  of  4  per  cent,  of 
carbon  and  0*5  per  cent,  of  hydrogen,  and  for  a  long  time  no  explan- 
ation of  this  curious  discrepancy  was  forthcoming. 

Ultimately  it  was  discovered  that  the  liquid  was  a  a  mixture  con- 

E  2 
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taining  considerable  quantities  of  ethyl  tetramethylenecarboxylate, 
the  formation  of  which  must  be  due  to  the  action  of  tetramethylene- 
carboxylic  chloride  on  zinc  ethylate  contained  in  the  zinc  etliide 
employed,  thus : — 

and  as  this  ethereal  salt  boils  at  approximately  the  same  tempera- 
ture as  the  ketone,  a  separation  by  fractional  distillation  was  out  of 
the  question.  In  order  to  obtain  the  pure  ketone  from  this  mixture, 
the  oil  was  digested  with  an  excess  of  alcoholic  potash  for  one  hour  in 
a  flask  connected  with  a  reflux  apparatus,  the  product  mixed  with 
water,  distilled  with  steam,  the  distillate  extracted  with  pure  ether, 
the  ethereal  solution  dried  over  calcium  chloride,  evaporated,  and  the 
colourless,  oily  residue  purified  by  fractionation. 

During  the  first  distillation,  almost  the  whole  passed  over  between 
154°  and  157°,  leaving  only  a  very  small  residue  in  the  retort,  and  on 
repeated  fractionation,  a  colourless  oil  was  obtained  boiling  constantly 
at  155 — 156° ;  this,  on  analysis,  gave  the  following  results  : — 

01529  gram  substance  gave  01 528  gram  H2O  and  0'4199  gram 
CO2. 

Theory. 

C7H12O.  Found. 

C 75-00  per  cent.         74*89  per  cent. 

H 10-72         „  11-10 

0 14  28         „  1401 

Tetram ethylene  ethyl  ketone  is  a  colourless,  mobile  oil,  smelling 
strongly  of  peppermint.  It  boils  at  155 — 156°,  and  is  less  soluble  in 
water  than  the  corresponding  methyl  ketone, 

A  vapour  density  determination  of  this  substance,  made  by  Hof- 
mann's  method  in  a  vacuum,  at  the  temperature  of  boiling  aniline, 
gave — 

Theory. 

C;Hi/). 

D 3  6  D 8-8 

The  density  and  magnetic  rotation  determinations  of  tetramethylene 
ethyl  ketone  gave  the  following  results  : — 

Density.— d4>°  14^°  =  0-9094;  tZ  5°/5°  =  0-9086;  ^10/°10°  =  0-9044; 
d  15715°  =  C-9004;  d20°l20°  =  0-8970 ;  cZ  25°/25°  =  0-8934. 
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Magnetic  Botatw7is. 


t. 

Sp.  rotation. 

Mol.  rotation. 

17-0° 
17-0 
17-0 
19-0 
19-0 
19-0 
19-0 

1  -0052 

0  -9990 

1  -0012 
0  -9988 
0-9988 
0-9921 
0  -9861 

6-963 
6-922 
6-936 
6-923 
6-923 
6-877 
6-836 

Average  . .      18-1 

0-9972 

6-911 

As  in  the  case  of  tetraraetliylene  methyl  ketone,  this  ketone  has  a 
rotation  loiuer  than  the  nearest  corresponding  saturated  ketone  which 
has  been  examined  (butyrone).     Thus — 

Magnetic  rotation  of  butyrone 7-489 

Less  Ho  for  difference  in  composition 0508 

6-981 
Tetramethylene  ethyl  ketone 6-911 

Difference 0070 


Sodium  Hydrogen  Sulphite  Compound  of  Tetramethylene  Ethyl  Keton?, 

C7HuO,NaHS03. 

When  shaken  with  a  concentrated  solution  of  sodium  hydrogen 
sulphite  containing  a  largo  excass  of  sulphurous  anhydride,  tetra- 
methylene ethyl  ketone  gradually  dissolved,  and  the  solution,  on 
standing,  slowly  deposited  beautiful,  glistening  prisms.  These  were 
collected,  washed  with  water,  dried  first  on  a  porous  plate  and  then 
over  sulphuric  acid,  and  analysed  with  the  following  result : — 

0"1498  gram  substance,  heated  with  sulphuric  acid,  gave  0"0518  gram 
Na2S04. 

Theory. 
C7Hi20,NkHS03.  Found. 

Na 10'65  per  cent.  II'IS  per  cent. 

This  substance  is  moderately  soluble  in  water ;  when  warmed  with 
dilute  sulphuric  acid,  or  with  sodium  carbonate  solution,  it  is  decom- 
posed, with  separation  of  an  oil,  which  is  obviously  the  regenerated 
ketone.  Grimm  (Annalen,  157,  262)  states  that  only  methyl  ketones 
combine  with  sodium  hydrogen  sulphite.  Tetramethylene  ethyl  ketone 
is  an  exception  to  this  rule. 
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Tetrametlylene  Ethyl  Ketoxime,  (^£iH-C(:NOH)-C.H; 

In  preparing  this  oxirae,  7  grams  of  tlie  pure  ketone  was  dissolved 
in  a  solution  of  15  grams  of  pure  potassium  hydrate  in  methyl  alcohol, 
6  grams  of  hydroxylamine  hydrochloride  dissolved  in  the  smallest 
possible  quantity  of  water  added,  and  the  whole  allowed  to  stand  for 
15  hours.  The  product  was  mixed  with  water,  rendered  slightly  acid 
by  the  addition  of  hydrochloric  acid,  extracted  three  times  with  ether, 
the  ethereal  solution  washed  with  water,  dried  over  calcium  chloride, 
evaporated,  and  the  residual  oil  purified  by  fractionation. 

Tetramethylene  ethyl  ketoxime  is  a  thick,  colourless  oil  boiling 
constantly  at  208 — 209°  (750  mm.)  ;  it  does  not  solidify  even  on  long 
standing.  It  dissolves  easily  in  hydrochloric  acid,  and,  on  warming,  the 
solution  is  rapidly  decomposed  with  regeneration  of  the  ketone. 

A  carefully  purified  sample  of  this  oxime  gave  the  following  results 
on  analysis  : — 

0*12'i8  gram  substance  gave  0*1178  gram  H2O    and  0*3011    gram 

CO2. 
01369   gram   substance   gave    13*3   c.c.   N;    ^   =    15*5°;   bar.    = 
748  mm. 

Theory. 
C7H13NO.  Found. 

C    6G'14  per  cent.         65*97  per  cent. 

H 10-24         „  10*48 

N  11-02        „  11*15 

ptr  .PTT 

TetramethyUneethykarUnol,  iH,.CH-CH(OH)-C,H; 

In  order  to  prepare  this  secondary  alcohol,  we  experimented  in  the 
first  place  on  the  action  of  sodium  amalgam  on  the  dilute  alcoholic 
solution  of  tetramethylene  ethyl  ketone  ;  29  grams  of  the  pure  ketone 
was  dissolved  in  80  grams  of  alcohol,  water  was  then  added  until  a 
^e^/  faint  turbidity  was  produced,  and  the  solution  treated  with 
12uO  grams  of  2^  per  cent,  sodium  amalgam,  in  quantities  of  about 
200  grams  at  a  time,  the  ketone  being  kept  in  solution,  and  the 
reaction  promoted  by  the  occasional  addition  of  dilate  alcohol.  As 
soon  as  the  amalgam  had  been  completely  decomposed,  the  whole  was 
mixed  with  water,  the  mercury  run  off,  and  the  solution  extracted 
several  times  with  ether.  After  washing  with  water,  drying  over 
potassium  carbonate,  and  evaporating  the  ethereal  solution,  a  colour- 
less oil  was  left  which  boiled  constantly  at  155 — 156°,  and,  on  analysis, 
gave  numbers  agreeing  with  the  formula   C7H12O,  showing  that  no 
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reduction  had  taken  place,  and  in  fact  almost  the  whole  of  the 
ketone  was  recovered  unchanged. 

After  this  curious  result,  no  further  experiments  were  made  on  the 
notion  of  sodium  amalgam  on  tetramethylene  ethyl  ketone,  as  it  was 
found  that  it  could  be  reduced  to  the  carbinol  with  great  ease  by 
means  of  sodium  in  moist  ethereal  solution. 

24  grams  of  the  pure  ketone  was  dissolved  in  about  300  c.c.  of  pure 
ether,  the  ethereal  solution  floated  on  water,  and  treated  with  a  large 
excess  of  sodium,  the  operation  being  conducted  exactly  as  described 
under  tetramethylenemethylcarbinol  (p.  50).  During  the  reduction, 
a  considerable  quantity  of  a  white  sodium  compound  separated, 
which  was  probably  the  sodium  compound  of  the  carbinol ;  this  was 
readily  decomposed  by  the  addition  of  water.  As  soon  as  the  last 
traces  of  the  sodium  had  disappeared,  the  ethereal  solution  was  sepa- 
rated, washed  with  very  dilute  hydrochloric  acid,  dried  over  anhydrous 
potassium  carbonate,  evaporated,  and  the  almost  colourless  residue 
distilled  under  reduced  pressure.  Almost  the  whole  of  it  passed  over 
at  120°  (290  mm.),  leaving  only  a  very  slight  residue  in  the  retort, 
and  this  fraction,  on  subsequent  distillation  under  ordinary  pressures, 
boiled  constantly  at  162°  (754  mm.)  ;  the  yield  obtained  was  fully 
10  grams. 

The  substance  was  once  more  fractioned,  and  then  analysed  with 
the  following  result : — 

0  1183  gram  substance  gave  0'1320  gram  H2O  and  03189  gram 
CO2. 

Theory. 

C7H14O.  Found. 

C 73-68  per  cent.         73-52  per  cent. 

H 12-27         „  12-39 

0 14-05        „  1409 

Tetramethyleneethylcarbinol  is  a  colourless  oil  of  agreeable  odour, 
sparingly  soluble  in  water.  It  boils  constantly  at  162°.  The  density 
and  magnetic  rotation  determinations  gave  the  following  results  : — 

Density.— d 4^1^°  =  09092  ;dh°lb°  =  09083;  ^^  10710°  =  0-9044; 
dl5°/15°  =  0-9007 ;  6Z  20°/20°  =  0-8974;  d  25°/25°  =  0-8945. 
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Magnetic  notations. 


1. 

Sp.  rotation. 

Mol.  rotation. 

18-4° 

1  0384 

7-319 

18-4 

1  -0445 

7-368 

18-4 

1  -0394 

7-327 

18-4 

1  0363 

7  -303 

19-0 

1  -0347 

7-297 

19-0 

1  -0371 

7-317 

39-0 

1  -0378 

7-321 

19-0 

1  -0378 

7-321 

20-0 

1  -0386 

7-329 

20-0 

1  -0377 

7-322 

20-0 

1  -0407 

7-346 

Average  18*8 

1  -0384 

7-325 

On  examining  these  numbers,  it  will  be  seen  that  the  relation 
between  tetramethylene  ethyl  ketone  and  tetramethyleneethylcarbinol 
is  very  similar  to  that  between  a  ketone  and  a  secondary  alcohol  in  the 
fatty  series,  thus  : — 

Magnetic  rotation  of  isopropyl  alcohol 4-019 

„  „  acetone 3-514 

Difference 0-505 

Magnetic  rotation  of  tetramethyleneethylcarbinol.  . .      7-325 
„  J,  tetramethylene  ethyl  ketone  , .      6-911 

Difference 0-414 

Tetramethyleneeihylcurhinyl  Acetate,  ^^'^.l^J^.Q^^QQ^JJ^Qy(JJ^^  • 

In  order  to  prepare  this  acetate,  5  grams  of  the  pure  carbinol  was 
digested  with  15  grams  of  acetic  anhydride  for  15  minutes,  the 
product  distilled,  and  then  very  carefully  fractionated,  in  order  to 
separate  the  acetate  as  completely  as  possible  from  unchanged  acetic 
anhydride.  After  four  fractionations,  a  colourless  oil  was  obtained 
which  boiled  constantly  at  178 — 179',  and  gave  the  following  results 
on  analysis : — 

0-1158  gram  substance  gave  0-1071  gram  HgO  and  0  2912  gi'am  COo. 

Theory. 

CgHigO^.  Found. 

C 6923  per  cent.  68-58  per  cent. 

H 10  26         „  10  27 

O 20-51         „  2115 
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Tetramethyleneethylcarbinyl  acetate  is  a  colourless  oil  possessing  the 
odour  chai'acteristic  of  the  acetates  of  tlie  higher  alcohols  of  the  fatty 
series  ;  it  is  readily  hydrolysed  by  boiling  with  aqueoas  potassium 
hydrate  solation.  A  quantitative  experiment  was  made  in  order  to 
determine  the  amount  of  acetic  acid  produced  by  the  hydrolysis. 

l*25ll  grams  of  the  substance  was  boiled  in  a  reflux  apparatus  with 
150  c.c.  of  standard  potassium  hydrate  solution  for  six  hours, 
allowed  to  cool,  and  the  solution  neutralised  by  the  addition  of 
standard  sulphuric  acid  solution. 

83*1  c.c.  of  potassium  hydrate  solution  (1  c.c.  =  0  00559  gram  KOH) 
had  been  neutralised  during  the  hydrolysis  ;  this  corresponds  to 
39*65  per  cent,  acetic  acid,  whereas  C9H16O2  should  yield  on 
hydrolysis  38*46  per  cent,  acetic  acid. 

This  result  shows  that,  in  spite  of  careful  fractionat'on,  the  acetate 
probably  still  contained  traces  of  acetic  anhydride ;  this  would 
account  for  the  slight  deficiency  of  carbon  found  in  the  elementary 
analysis. 

(  j  H  n*(  ;  H  2 

Tetramethijlenepropyl  Iodide,    I         I       prrT  n  tt  '  ^^^^  Tetramethylene- 

propyl  Bromide,  C7Hi3Br. 

Tetramethyleneethylcarbinol  readily  reacts  with  hydriodic  acid  with 
formation  of  tetramethylenepropyl  iodide,  thus  : — 

Cxl2'CH2  ^^T  CH2*CH2  TT  ^ 

II  4-  HI  =    I        i  +  HoO. 

CH2-CH-CH(OH)-C2H5  CH2-CH-CHI-C2H5  ' 

7*5  grams  of  the  pure  carbinol  was  shaken  with  40  grams  of  fuming 
hydriodic  acid  (sp.  gr.  1*96)  ;  the  mixture,  which  became  very  warm, 
allowed  to  stand  over  night,  and  then  heated  to  boiling  in  a  flask 
connected  with  a  reflux  apparatus  for  a  few  minutes.  The  product 
was  poured  into  water,  extracted  twice  with  ether,  the  ethereal  solu- 
tion washed  well  with  water  containing  a  little  sulphurous  an- 
hydride, dried  over  calcium  chloride,  evaporated,  and  the  slightly 
brownish,  oily  residue  purified  by  fractionation  under  reduced  pres- 
sure. In  this  way,  a  colourless  oil  was  obtained  which  boiled 
constantly  at  105 — 107°  (80  mm.),  and  gave  the  following  results  on 
analysis  : — 

0*2)15  gram  substance  gave  0*2998  gram  Agl. 

Theory. 

C;Hi3[.  Found. 

1 56*69  per  cent.       55*62  per  cent. 
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Tetraraethylenepropyl  iodide  is  a  heavy,  colourless  oil,  which 
possesses  an  odour  strongly  resembling  that  of  hexyl  iodide.  When 
pure,  it  may  be  distilled  in  small  quantities  under  ordinary  pressures 
with  only  slight  decomposition,  but  the  crude  substance  cannot  be 
purified  by  fractionation  except  under  greatly  reduced  pressure,  and 
even  then  slight  decomposition  seems  to  take  place,  as  indicated  by 
the  above  analysis.  The  pure  iodide  soon  turns  brown  on  exposure 
to  light.  It  is  rapidly  decomposed  by  boiling  with  water  with  form- 
ation of  hydriodic  acid.  When  heated  in  a  sealed  tube  with  fuming 
liydriodic  acid  and  amorphous  phosphorus  at  230",  it  is  readily 
reduced  with  formation  of  a  hydrocarbon,  which  is  at  present  under 
investigation. 

Tetramethylenepropyl  bromide,  CTHigBr,  is  similarly  produced  by 
the  action  of  hydrobromic  acid  (sp.  gr,  l'83j  on  tetramethyleneethyl- 
carbinol.  It  is  a  colourless  oil,  which  has  an  odour  closely  resembling 
that  of  trimethylene  bromide ;  it  boils  constantly  at  110°  (120  mm.). 
Analysis : — 

0*2336  gram  substance  gave  0*2430  gram  AgBr. 

Theory. 

C^HiaBr.  Found. 

Br 45'20  per  cent.  44*51  per  cent. 


Bitetramethylene  Diethyl  Glycol, 


C  02*002 

CH2-6h-C(OH)-C2H5 
CH2-CH-C(OH)-C2H5' 
CH2*CH2 


Two  experiments  on  the  reduction  of  te  tram  ethylene  ethyl  ketone 
in  moist  ethereal  solution  by  means  of  sodium  were  made ;  in  the 
first,  an  almost  quantitative  yield  of  tetramethyleneethylcarbinol  was 
obtained ;  whilst  in  the  second,  conducted  apparently  under  precisely 
similar  conditions,  a  comparatively  small  quantity  of  the  carbinol 
was  produced,  and  the  product,  on  distillation  under  reduced  pres- 
sure, gave  a  considerable  fraction  boiling  at  220 — 223°  (100  mm.), 
which,  on  standing,  almost  completely  solidified.  The  crystals  were 
spread  on  a  porous  plate  until  free  from  oily  mother  liquor,  dried 
over  sulphuric  acid,  and  analysed  (I).  The  substance  was  then 
purified  by  recrystallisation  from  light  petroleum  and  again  analysed 

(II). 

I.  0*1392  gram  substance  gave  0*1447  gram  HgO  and  0'3790  gram 
CO2. 
IT.  0"1525  gram  substance  gave  0'1596gram  HjO  and  0*4155  gram 
CO2. 
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Found. 


Theory. 


^ 


C14H25O2.                     T.  ]T. 

C 74-34  per  cent.  74-26  74-31  per  cent. 

H 11-50         .,  11-55  11-41 

O 14-16         „  14-19  14-28 

The  moleculnr  weight  was  determined  bj  Raoult's  method,  using 
acetic  acid  as  the  solvent,  with  tlie  following  results  : — ■ 

Weight  of  substance  taken 0-4643  gram. 

Weight  of  acetic  acid  taken 2435  grams. 

Melting  point  of  the  acetic  acid 16-19° 

„  „         mixture 15-87° 

Depression  of  the  melting  point 0*32° 

Molecular  weight,  C14H26O2 226 

Found 232 

This  .substance  is,  therefore,  ditetramethylene  diethyl  glycol,  the 
pinacone  derived  from  tetramethylene  ethyl  ketone. 

It  melts  at  95°,  and,  when  liquid,  smells  strongly  of  peppermint ; 
it  is  very  readily  soluble  in  alcohol,  benzene,  and  warm  light  petr- 
oleum, sparingly  in  water ;  on  slowly  cooling  its  solution  in  warm 
light  petroleum,  it  crystallises  in  curiously  striated  masses  consisting 
of  transparent,  colourless  prisms  usually  radiating  from  a  centre. 


PIT  'PIT 
Tetramethylene  Phenyl  Ketone,   1     '  1  . 

CH2"CH*CO*C6H5 

This  interesting  compound  is  produced  when  a  solution  of  tetra- 
methylenecarboxylic  chloride  in  excess  of  benzene  is  treated  with 
aluminium  chloride : 

CH2-CH-C0C1         '    '       CH^-OH^-CH-CO-CeHs  "^ 

The  following  method,  which  has  been  repeatedly  employed,  gives 
a  good  yield  of  tetramethylene  phenyl  ketone  : — 

40  grams  of  pure  aluminium  chloride  and  lOO  grams  of  pure,  dry 
benzene  (free  from  thiophen)  are  mixed  in  a  large  Hask,  and  then 
a  solution  of  30  grams  of  tetramethylenecarboxylic  chloride  in 
60  grams  of  benzene  slowly  added  through  a  dropping  funnel. 
During  the  operation,  the  mixture  becomes  slightly  warm,  and  some 
hydrogen  chloride  is  evolved ;  the  product,  after  standing  for 
15  minutes,  is  heated  to  boiling  in  a  reflux  apparatus  by  means  of  a 
water-bath  for  half  an  hour,  well  cooled,  and  gradually  mixed  with 
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water  containing  some  hydrochloric  acid.  The  upper  benzene  layer 
is  separated,  washed  with  water  containing  a  little  sodium  carbonate, 
dried  over  calcium  chloride,  the  benzene  distilled  off,  and  the 
residual  crude,  dark-coloured  ketone  distilled  under  reduced  pres- 
sure. About  22  grams  of  a  colourless  oil  boiling  at  180 — 200° 
(150  mm.)  arc  obtained,  and  this,  on  fractionation  under  ordinary 
pressures,  distils  almost  entirely  between  258''  and  259"  (740  mm.). 
The  analysis  of  this  substance  gave  the  following  numbers  : — 

0*1280  gram  substance  gave  0"0874  gram  HgO  and  0*3859  gram 
CO,. 

Theory. 

CiiHigb.  Found. 

C    82-50  per  cent.         82*22  per  cent. 

H 7-50       „  7-59       „ 

O    10-00       „  10-21       „ 

The  molecular  weight  was  determined  by  Raoult's  method,  using 
acetic  acid  as  the  solvent,  with  the  following  results  : — 

Weight  of  substance  taken 0-9368  gram 

,,  acetic  acid  taken 50*85  grams 

Melting  point  of  the  acetic  acid 15*009° 

„  „         mixture 14*590° 

Depression  of  the  melting  point 0*419° 

Molecular  weight,  Ci,B.y,0 160 

Found 170 

Tetramethylene  phenyl  ketone  is  a  thick,  colourless  oil  which  boils 
without  decomposition  at  258 — 259°,  but,  on  standing,  soon  acquires 
a  slight  yellowish  tinge ;  it  has  an  odour  which  can  scarcely  be  dis- 
tinguished from  that  of  butyl  phenj^  ketone, 

C6H6*CO'CH2*CH2'CH2*CH3 

(b.  p.  236 — 238°  at  720  mm.).     It  is  isomeric  with  phenyldehydro- 

hexone,  ^'^''^'^^'T^'^  ^^^ich   boils  at   249—251°   (Trans.,   1887, 
0*CH2*GH2 

51,  731). 

The  density  and  magnetic  rotation  determinations  of  tliis  substance 
gave  the  following  results  : — ■ 

Density.— d  4^° 1 4^  =  1*0600;  cZ  5°/5°  =  1*0591 ;  (£  10°/10°  =  1*0551 ; 
,Z  15715°  =  1-0515;  cZ  20720°  =  1*0485;  ri25°/25"  =  1*0457. 


FORMATION   OF   CLOSED   CARBON   CHAINS. 


61 


Magnetic  Hotation. 


t. 

Sp.  rotation. 

Mol.  rotation. 

16-5° 

1  -8284 

15  -431 

16-5 

1-8300 

15-485 

16-5 

1 -8345 

15  -523 

16-5 

1  -8330 

15-510 

18-5 

1-8260 

15-469 

18-5 

1  -8266 

15  -474 

18-5 

1-8314 

15  -515 

18-5 

1  -8230 

]5-443 

19-5 

1  -8160 

15  -391 

19-5 

1-8136 

15-371 

19-5 

1  -8226 

15  -448 

Average  18  '0 

1  -8255 

15  -460 

The  magnetic  rotation  of  tetrarn ethylene  phenyl  ketone  may  be 
calculated  from  that  of  the  corresponding  ethyl  ketone,  thus  : — 

Magnetic  rotation  of  tetramethylene  ethyl  ketone. .        6-911 
-  the  value  of  C3H4    2-046 


4-865 


+  the  value  of  CeHs  replacing  hydrogen. . . ,      10406 

Calculated     magnetic    rotation   of    tetramethylene 

phenyl  ketone 15*271 

This  number  agrees  well  v^rith  that  actually  found, 

namely 15*460 


Tetramethylene  Phenyl  Keto^ime,  ,^H^-CH-C(:N0H)-CeH; 

In  order  to  prepare  this  substance,  5  grams  of  the  pure  ketone  was 
dissolved  in  methyl  alcohol,  mixed  with  a  solution  of  8  grams  of 
potassium  hydrate  dissolved  in  methyl  alcohol,  a  concentrated  aqueous 
solution  of  3'8  grams  of  hydroxylamine  hydrochloride  added,  and  the 
mixture  allowed  to  stand  for  15  hours.  On  diluting  the  product  with 
water,  the  oxime  separated  in  colourless  needles  ;  these  were  extracted 
with  ether,  the  ethereal  solution  washed  with  water,  dried  over 
calcium  chloride,  evaporated,  and  the  solid  residue  purified  by 
recrystallisation  from  80  per  cent,  alcohol.  The  beautiful,  colourless 
needles  thus  obtained,  after  drying  over  sulphuric  acid  under  reduced 
pressure,  gave  the  following  numbers  on  analysis  : — 
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0'1207  gram  substance  gave  00832  gram  HgO  and  0-3322  gram 

CO2. 
0"1944  gram  substance  gave  129  c.c.  N;  i  =  9"5";  bar.  =  758  mm. 

Theory. 
CnHiaNO.  Found. 

C 75-42  per  cent.         75-10  per  cent. 

H 7-42      „  7-66      „ 

N.... ..       8-00      „  7-93      „ 

Tetramethylene  pbenjl  ketoxime  melts  at  91 — 93°.  It  is  readily 
soluble  in  benzene  and  alcohol,  but  only  sparingly  in  cold  light 
petroleum,  and  almost  insoluble  in  water.  It  dissolves  readily  in 
strong  hydrochloric  acid  in  the  cold,  and  in  warm,  dilute  potassium 
hydrate  solution.  It  crystallises  from  dilute  alcohol  in  colourless 
needles,  and  from  light  petroleum  in  long,  thin,  slender  needles. 

The  oxime  dissolves  very  readily  in  acetyl  chloride  with  slight 
evolution  of  heat ;  on  distilling  off  the  acetyl  chloride  and  heating 
the  residue,  a  very  violent  reaction  sets  in,  the  original  colourless 
liquid  becoming  quite  brown.  If  the  semi-solid  residue  is  distilled 
with  concenfrated  potassium  hydrate  solution,  a  strong  odour  of 
aniline  is  noticeable,  and  it  appears  probable  tliafc  in  the  above  reac- 
tion the  oxime  undergoes  intramolecular  change,  with  formation  of 

0112*0112 

the  anilide  of  tetramethylenecarbaxylic  acid,    1         1 

Oxl2'01i'OU'iN  H'O  6U5 

This  point  is  being  further  investigated. 


Ixeduction  of  Tetrametliylene  Phenyl  Ketone.     Formation  of  Tetra- 

PTT  •PIT 

This  reduction  was  conducted  exactly  as  in  the  case  of  the  reduc- 
tion of  the  corresponding  ethyl  and  methyl  ketones.  36  grams  of 
tetramethylene  ]>henyl  ketone  was  dissolved  in  ether,  the  solution 
floated  on  water,  and  treated  with  40  grams  of  sodium  ;  the  ethereal 
solution  was  then  washed  with  water  containing  a  little  hydro- 
chloric acid,  allowed  to  stand  for  about  24  hours,  until  no  more 
crystals  of  ditetramethylene  diphenyl  glycol  separated  (p.  QQ)^ 
filtered,  dried  over  potassium  carbonate,  evaporated,  and  the 
residual  oil  purified  by  fractionation  under  reduced  pressure.  In 
this  way  a  colourless  oil  (21  grams)  was  obtained  boiling  constantly 
at  180°  (100  mm.),  but  there  was  a  considerable  residue  in  the  retort, 
which  will  be  referred  to  later  on.  The  analysis  of  the  substance 
boiling  at  180°  (100  mm.)  gave  the  following  results : — 
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I.  0-1679  gram  substance  gave  0-1412  gram  H2O  and  0*4979  gram 

CO2. 
II.  0*1409  gram  substance  gave  01188  gram  HgO  and  0-4188  gram 

CO2. 

Found. 

Theory.  , '■ ^ 

CnHi4b.  I.  II. 

C 81-48  per  cent.         80-87         81-06  per  cent. 

H 8-64        „  9-34  9-36 

O 9-88        „  9-79  9-58 

The  product  was  then  refractioned  at  ordinary  pressures,  when, 
almost  the  wliole  passed  over  at  257°  (752  mm.),  and,  on  analysis, 
gave  the  following  results:  — 

I.  O'llll  gram  substance  gave  0-0942  gram  H^O  and  0-3299  gram 

CO2. 
II.  01734  gram  substance  gave  0*1436  gram  H2O  and  0-5123  gram 

CO2. 

Found. 
.''  ••  ^ 

I.  II. 

C 80-98         80-57  per  cent. 

H 9-42  9-20 

0 9-60  9-23 

The  refractionation  had  not  materially  altered  the  composition  of 
the  substance.  It  will  be  seen  that  this  alcohol  contains  considerably 
more  hydrogen  than  is  required  by  the  formula  CiiII,40,  and  this 
very  curious  result  can  only  be  explained  on  the  assumption  that 
during  the  reduction  the  benzene  ring  has  been  partially  reduced. 
This  is  borne  out  by  the  results  obtained  in  the  determination  of  the 
magnetic  rotation  of  this  preparation, 

i)e^.9%.— (^474°  =  1-0309;  ^575°  =  1-0301;  (Z 10710°  =  1-02(35; 
c;  15715°  =  1*0231 ;  6^20720°  =  1*0201  ;  ^25725°  =  1*0175. 

Magyietic  Rotations. 


t. 

Sp.  rotation. 

Mol.  rotation. 

14  0° 

1  -7043 

14-982 

14  0 

1  -6932 

14 -881 

14  0 

1  •<.979 

14-926 

140 

1-6964 

14-913 

ic  -sr 

1 -6848 

14  -833 

16  -37 

1  -tmQ 

14-901 

16  37 

1-6915 

14  -892 

16-37 

1-6-59 

14  -842 

16-37 

1 -6903 

14-881 

Average  15  31 

1 -6930 

14  89o 
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The  effect  of  reducing  te  tram  ethylene  ethyl  ketone  to  the  corre- 
sponding carbinol  is  to  raise  the  magnetic  rotation  by  0'414 ;  and  as 
the  reduction  of  tetramethylene  phenyl  ketone  proceeds  on  exactly 
the  same  lines,  the  magnetic  rotation  of  tetramethylenephenylcarb- 
inol  may  be  calculated  thus  : — 

Magnetic  rotation  of  tetramethylene  phenyl  ketone     15"460 
+  the  effect  produced  by  adding  Hj  to  the  carbonyl 
group  ...    0*414 


Calculated  rotation  of  tetramethylenephenylcarbinol     15*874 
Result  obtained  in  the  above  experiments       14*895 


Deficiency 0-979 

As  benzene  has  an  abnormally  high  rotation,  the  saturated  hydro- 
carbons, on  the  other  hand,  a  low  rotation,  the  above  deficiency  may 
be  easily  accounted  for  on  the  assumption  that  the  substance  contains 
a  compound  in  which  the  benzene  ring  has  been  partially  reduced. 
Experiments  on  the  action  of  sodium  in  moist  ethereal  solution  on 
other  benzene  derivatives,  such  as  acetophenone,  have  given  results 
which  clearly  indicate  that  in  these  cases  also  the  benzene  ring  is 
partially  reduced,  although  the  derivatives  obtained  have  not  yet 
been  obtained  in  a  pure  condition  (compare  also  Perkin  and 
Schloesser,  Trans.,  1890,  57,  955). 

In  order  to  obtain  pure  tetramethylenephenylcarbinol,  the  experi- 
ments on  the  reduction  of  the  ketone  in  moist  ethereal  solution  were 
repeated  on  a  smaller  scale,  twice  the  quantity  of  sodium  (for  Hg) 
being  employed.  In  this  way  a  colourless  oil  was  obtained  which 
distilled  at  257 — 259°  (750  mm.),  and  gave  the  following  results  on 
analysis  : — 

0*1550  gram  substance  gave  0*1240  gram  H2O  and  04621  gram 
CO2. 

Theory. 

CuHhO.  Found. 

C 81 '48  per  cent.  81*31  per  cent. 

H 8-64        „  8-89 

0 9-88        „  9-80 

Tetramethylenephenylcarbinol  is  a  thick,  colourless  oil,  possessing 
an  odour  closely  resembling  that  of  phenylmethylcarbinol,  although  not 
quite  so  pronounced.  It  is  sparingly  soluble  in  water;  it  does  not  dis- 
solve in,  but  it  reacts  readily  with,  concentrated  aqueous  solutions 
of  hydrobromic  and  hydriodic  acids,  forming  heavy  oils,  which  are  prob- 
ably the  corresponding  bromide  and  iodide  of  benzyltetramethylene. 
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Polymeride  of  TeU-amethylcnephenylcarhinol. — In  fractioning  the 
crude  product  of  the  reduction  of  tetra,methylene  phenyl  ketone,  a  thick, 
yellow  substance  boiling  above  190°  (100  mm.)  was  always  left  in  the 
flask.  The  small  quantities  obtained  from  several  operations  were 
collected  and  rapidly  distilled  from  a  small  fractionating  flask  under 
a  pressure  of  60  mm.,  and  the  thick  oil  which  boiled  almost  constantly 
at  320°  analysed  with  the  following  result : — 

0  1062  gram  substance  gave  0*0882  gram    H2O  and  0*3159  gram 

CO2. 

Theory. 
CooHsgOs.  Found. 

C 81*48  per  cent.  81*12  per  cent. 

H 8*64        „  9*22 

O : . .       9*88        „  9*66        „ 

The  determination  of  the  molecular  weight  by  Raoult's  method, 
using  acetic  acid  as  the  solvent,  gave  the  following  results  : — 

Weight  of  substance  taken 1*2644  grams. 

Weight  of  acetic  acid  taken 31*68  grams. 

Melting  point  of  the  acetic  acid 16*14° 

Melting  point  of  the  mixture 15*625° 

Depression  of  the  melting  point 0*515°  • 

Molecular  weight,  C22H28O2 32*2 

Found 302 

This  substance  has,  therefore,  the  formula  C22H28O2,  and  must  be 
looked  upon  as  a  polymeride  of  tetramethylenephenylcaibinol  contain- 
ing 2  mols.  of  this  carbinol,  thus  ; — 

C22H28O2  =  2CiiHuO. 

When  it  is  slowly  distilled  under  a  pressure  of  100  mm.,  it  is 
gradually  decomposed,  and  on  repeating  the  operation  several  times,  a 
large  quantity  of  an  oil  of  comparatively  low  boiling  point  is  obtained  ; 
this,  on  fractionation  under,  ordinary  pressures,  boils  constantly  at 
256 — 257°,  and  consists  of  pure  tetramethylenephenylcarbinol,  as  the 
following  analysis  shows  : — 

01150  gram  substance  gave  00879  gram   H2O  and  0*3440  gram 

CO2. 

Theory. 

C11H14O.  Found. 

C 81*48  per  cent.         81*40  per  cent. 

H 8*64      „  8-47      „ 

0 9*88       „  10*13      „ 

If  the  distillation  is  repeated  sufficiently  often,  it  appears  that  the 
VOL.   LXl.  F 
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whole  of  this  poljmerlde  may  in  this  way  be  converted  into  pure 
tetramethylenephenylcarbinol. 

CH2-CH2 

Ditetramethylene  Biphenyl  Glycol,  ^^  .CH-CrOHVC  H  • 

CB[2*CH2 

When  the  ethereal  solution  of  the  reduction  products  of  tetra- 
methylenephenylcarbinol (see  preceding  section)  was  allowed  to 
stand  for  about  24  hours,  a  white,  crystalline  substance  separated  ;  this 
was  collected,  well  washed  with  ethisr,  recrystallised  from  this  solvent, 
and  analysed  with  the  following  results  : — 

I.  0-1390  gram  substance  gave    01026   gram   HgO    and   0-4180 

gram  CO2. 
II.  0'1740  gram  substance    gave  0-1282    gram    H2O  and   0-5225 
gram  CO2. 
III.  0-1884  gram    substance    gave  0-1398  gram   H2O  and    0-5613 


gram  CO2. 


Found. 


Theory.  f  ^ 

C22H26O2.                     I.  II.          III. 

C 81-98  per  cent.  82-04  81-90  81-29  per  cent. 

H 8-08        „                8-20  8-18      8-24 

0 9-94        „                9-76  9-92  10-47 

The  molecular  weight  was  determined  by  Raoult's  method,  using 
acetic  acid  as  the  solvent,  with  the  following  results : — 

Weight  of  substance  taken 0-5839  gram. 

Weight  of  acetic  acid  taken 28*5  grams. 

Melting  point  of  the  acetic  acid.  . .  16-19° 

„  „         mixture    ....  15-95° 

Depression  of  the  melting  point  . .        0-24° 

Molecular  weight,  C22H26O2 322 

Found 333 

This  substance  has  therefore  the  formula  C22II26O2,  and  is  obviously 
the  pinacone  of  tetram ethylene  phenyl  ketone. 

Ditetramethylene  diphenyl  glycol  melts  at  153 — 154°.  It  dissolves 
readily  in  boiling  glacial  acetic  acid  and  toluene,  moderately  easily  in 
boiling  alcohol,  but  only  sparingly  in  ether  and  light  petroleum.  On 
slowly  cooling  its  solution  in  boiling  glacial  acetic  acid,  it  crystal- 
lises in  long,  colourless  needles  grouped  together  in  parallel  bundles. 
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The  SyntTietical  Formation  of  Closed  Carbon  Chains.  Part  I  (continued). 
Action  of  Propylene  Bromide  on  the  Sodium  Compounds  of  Ethyl 
Acetoacetate  and  Ethyl  Benzoylacetate. 

By  W.  H.  Perkin,  Jun.,  Ph.D.,  F.R.S.,  and  James  Stenhouse. 

The  action  of  ethylene  bromide  on  the  sodium  compounds  of  ethyl 
malonate,  ethyl  acetoacetate,  and  ethyl  benzoylacetate  has  been  made 
the  subject  of  repeated  investigation  (Fittig,  Roeder,  Ber.,  16,  872. 
Perkin,  Ber.,  17,  54;  Trans.,  1885,  47,  801;  1887,  51,  849.  Freer 
and  Perkin,  Trans.,  1887,  51,  820.  Colman  and  Perkin,  Trans., 
1889,  55,  358.  Marshall  and  Perkin,  Trans.,  1891,  59,  853.  Lipp, 
J5er.,  22,  1210),  and  the  results  obtained  in  these  researches  have  led 
to  the  conclusion  that  in  all  these  cases  trimethylene  derivatives  are 
formed. 

During  the  course  of  these  investigations,  we  have  been  carrying 
on  parallel  experiments  on  the  action  of  propylene  bromide  on  the 
sodium  compounds  of  ethyl  acetoacetate  and  ethyl  benzoylacetate. 
Propylene  bromide  does  not  react  with  these  compounds  nearly  so 
readily  as  ethylene  bromide,  and  the  result  is  that  the  yields  obtained 
are  exceedingly  small ;  we  have,  therefore,  in  one  or  two  cases,  not 
been  able  to  examine  the  products  as  fully  as  could  have  been 
desired. 

The  investigation  of  the  products  has,  however,  proved  that,  in 
every  case,  substances  are  found  which  have  a  constitution  analogous 
to  those  obtained  when  ethylene  bromide  is  employed. 


The  Action  of  Propylene  Bromide  on  the  Sodium  Compound  of 
Ethyl  Acetoacetate. 

Ethyl  Acetylmethyltrimethylenecarh 0X1  ilate  [1,  2,  1], 
CH3-C0  CH-CH3 

COOCaHr         CH, 

A   short   account  of  this  reaction,  and  of  some  of  the   products 
obtained,  has  already  been  published  (Trans.,  1885,  47,  850). 

In  the  present  instance,  the  quantities  employed  in  one  operation 
were  the  following:  — 

P  2 
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Ethyl  acetoacefcate 208  grams. 

Sodiam 36*8  grams. 

Absolute  alcohol 450  grams. 

Propylene  bromide 160       „ 

The  sodium  was  dissolved  in  the  alcohol,  the  well-cooled  solution 
of  sodium  ethylate  thus  obtained  gradually  mixed  with  the  ethyl 
acetoacetate,  care  being  taken  to  prevent  any  appreciable  rise  of 
temperature  by  cooling  with  water ;  the  propylene  bromide  was  then 
added,  and  the  mixture  transferred  to  soda-water  bottles,  and  heated 
at  100°  for  six  hours.  The  alcoholic  solution  was  decanted  from  the 
cake  of  sodium  bromide  which  had  formed,  the  alcohol  distilled  off 
on  a  water-bath,  the  residue  mixed  with  water  and  the  washings  from 
the  soda-water  bottles,  and  extracted  four  times  with  ether.  The 
ethereal  solution  was  well  washed  with  water  containing  a  few  drops 
of  hydrochloric  acid,  dried  over  calcium  chloride,  evaporated,  and  the 
residual  thick  oil,  which  weighed  about  100  grams,  submitted  to 
fractional  distillation. 

Between  125°  and  160°  (A),  a  large  quantity  of  a  heavy,  colourless 
oil,  which  weighed  about  54  grams,  and  consisted  for  the  most  part 
of  unchanged  propylene  bromide,  passed  over.  The  thermometer 
then  rose  rapidly  to  190°  (B),  and  the  residue,  on  fractionation  under 
reduced  pressure  (100  mm.),  distilled  almost  entirely  between 
130°  and  260°  (C),  leaving  a  dark-brown  residue  in  the  retort ;  this, 
on  cooling,  partially  solidified,  and  consisted  of  impure  dehydracetic 
acid.  The  fraction  below  125°,  which  smelt  strongly  of  ethyl  acetate, 
was  repeatedly  distilled,  as  it  appeared  probable  that  this  fraction 
might  contain  a-  or  /3-bromopropylene,  CsHsBr,  but  as  the  portion 
boiling  at  45 — 65°  did  not  decolorise  bromine,  it  is  evident  that  these 
substances  are  not  formed  in  any  appreciable  quantity  in  this 
reaction. 

The  fraction  125 — 160°  (A)  was  twice  fractioned,  and  the  portion 
boiling  between  130°  and  150°,  and  which  consisted  for  the  most 
part  of  propylene  bromide,  was  employed  in  the  decomposition  of 
fresh  quantities  of  ethyl  acetoacetate.  It  should  be  mentioned  that  a 
quantity  of  propylene  bromide  passes  over  with  the  alcohol,  when  the 
crude  product  of  the  reaction  is  distilled  from  a  water-bath  as  de- 
scribed above.  This  is  easily  recovered  by  diluting  the  alcoholic 
distillate  with  twice  its  volume  of  water,  allowing  the  milky  liquid  to 
stand  till  clear,  and  then  separating  the  heavy  layer  of  propylene 
bromide. 

The  fraction  130 — 230°  (C)  was  distilled  under  the  ordinary 
pressure,  all  passing  over  below  240°  (D)  being  collected,  and  the 
residue  (E)  reserved  for  subsequent  treatment. 
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The  fraction  D  was  mixed  with  the  fraction  B,  and  submitted 
to  repeated  fractionation  from  a  Wiirtz  flask  provided  with  a  long 
neck  ;  in  this  way  it  was  approximately  separated  into  crude  ethyl 
acetoacetate  (b.  p.  175 — 190°)  and  crude  ethyl  acetylmethyltri- 
methylenecarboxylate  (b.  p.  190 — 225°).  The  latter  fraction  was 
again  repeatedly  distilled,  and  a  small  quantity  of  a  colourless  oil 
which  boiled  fairly  constantly  at  210 — 212°  analysed  with  the  follow- 
ing result : — 

0'1611   gram  substance  gave  0*1215  gram  H2O  and  0*3725  gram 
CO,. 

Theory. 
CHa-CO  CH-CHa  ^  Previous 

COOCoHa^    ^CHa  Found.  am 


C  . .    .     6353  per  cent.  6306  per  cent.         63*55  per  cent. 

H....       8*24        „  8*38        „  8*42 

0  . . . .      28*23        „  28*56        „  28*03 

The  substance  employed  in  the  previous  analysis  boiled  at 
215 — 217°  (720  mm.)  ;  and  there  can  be  no  doubt  that  the  product  boil- 
ing about  215°  consists  of  nearly  pure  ethyl  acetylmethyltrimethylene- 
carboxylate,  the  difference  in  the  boiling  point  observed  in  the  several 
preparations  being  probably  due  to  the  substance  containing  varying 
quantities  of  the  isomeric  ethyl  dimethyldehydropentonecar  boxy  late, 

I  nxs^^  '  ^^^  composition  of  this  oil  being  apparently 

0x13*0x1 Oxij 

very  similar  to  that  obtained  in  the  action  of  ethylene  bromide  on 
the  sodium  compound  of  ethyl  aceteoacetate,  which  has  been  proved 
to  be  a  mixture  of  ethyl  acetyltrimethylenecarboxylate  and  ethyl 
methyldehydropentonecarboxylate. 

The  yield  of  the  ethereal  salt  obtained  by  the  above  method  is  very 
small,  not  more  than  50  grams  of  the  fraction  205 — 215°  being 
produced  from  1  kilo,  of  ethyl  acetoacetate. 

AcetyhnethyltrimethylenecarboxyHc  Acid,    p.^^-rr^^'^rixT 

This  acid  has  been  previously  described  and  analysed  (Trans.,  1885, 
47,  851). 

In  order  to  obtain  sufficient  material  for  our  experiments,  the  fraction 
of  the  ethereal  salt  boiling  at  195 — 225°  (preceding  section),  and 
which  consists  for  the  most  part  of  ethyl  acetylmethyltrimethylene- 
carboxylate,  was  hydrolysed  by  boiling  with  a  considerable  excess  of 
alcoholic  potash,  the  product  filtered  from  the  potassium  carbonate 
which  had  separated  during  the  operation  (due  to  the  hydrolysis  of 
some  ethyl  acetoacetate  present  in  the  ethereal  salt  employed),  the 
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^ 


tesidue  washed  with  alcohol,  the  filtrate  evaporated  with  the  addition 
of  water  till  free  from  alcohol,  the  solution  filtered,  cooled  well, 
acidified  with  dilate  sulphuric  acid,  and  extracted  10  times  with  pure 
ether.  The  ethereal  solution  was  dried  over  calcium  chloride, 
evaporated,  and  the  residual  brownish  oil,  which  smelt  strongly  of 
acetic  acid,  purified  by  conversion  into  the  barium  salt.  For  this 
purpose,  the  oil  was  dissolved  in  a  considerable  quantity  of  water, 
mixed  with  barium  hydrate  solution  until  strongly  alkaline, 
heated  to  boiling,  and  a  current  of  carbonic  anhydride  passed 
through  the  liquid  until  no  further  precipitation  of  barium  carbonate 
took  place.  The  product  was  filtered,  the  almost  colourless  solution 
evaporated  to  a  fairly  small  bulk,  cooled  well,  acidified  with  dilute 
hydrochloric  acid,  and  extracted  10  times  with  ether.  The  ethereal 
solution,  after  drying  over  calcium  chloride  and  evaporating,  depo- 
sited an  almost  colourless  oil,  which,  after  standing  over  sulphuric 
acid  under  reduced  pressure  for  24  hoars,  gave  the  following  results 
on  analysis : — 

0*1460  gram  substance  gave  0"U973  gram  H-^O  and  0*3176  gram. 
CO.. 

Theory. 

CH3CO             CH-CHg  Previous 

COOH^    ^CHa        *  Found.                           analysis. 

C  . . . .      59*15  per  cent.  59*32  per  cent.         58*66  per  cent. 

H....       7-05         „  7*40         „                 7*52 

O  . , . .     33*80        „  33*28         „               33*82 

This  substance  is,  therefore,  almost  pure  acetylmethyltrimethylene- 
carboxylic  acid,  and  as  such  it  was  employed  in  the  subsequent 
experiments.  This  acid  is  a  moderately  thick,  almost  colourless  oil, 
which,  in  dilute  sodium  carbonate  solution,  decolorises  potassium 
permanganate  solution  instantly,  but  if  excess  of  potassium  perman- 
ganate is  added,  the  solution  allowed  to  stand  for  one  hour,  the  excess 
of  permanganate  destroyed,  the  alkaline  solution  acidified  and  ex- 
tracted with  ether,  an  oily  acid  is  obtained,  which  no  longer 
decolorises  permanganate.  This  behaviour  indicates  that  the  original 
acid  is  a  mixture  of  acetylmethyltrimethylenecarboxylic  acid  and  of 
dimethyldehydropentonecarboxylic  acid  (compare  Trans.,  1891,  59, 
864). 

Oxime  of  AcetylmetJiyltriTnethylenecarhoxylic  Acid, 
CH3-C(:N0H)  CH-CH3 

COOH^    ^CHa       * 

Acetyltrimethylenecarboxylic  acid,  when  treated  with  hydroxyl- 
amine  in  alkaline  solution,  readily   yields  an  oxime   (Trans.,   1891, 


r 


SYNTHETICAL  FORMATION   OF   CLOSED   CARBON  CHAINS.       71 

59,  867),  thus  proving  that  it  contains  a  carbonyl  group,  and  as  it 
was  important  to  show  that  this  acid  and  acetylmethyJtrimethylene- 
carboxylic  acid  were  similarly  constituted,  experiments  on  the  action 
of  hydroxy lamine  on  the  latter  were  instituted. 

Acetylmethyltrimethyleuecarboxylic  acid  (1  mol.)  was  dissolved  in 
a  little  water,  mixed  with  a  moderately  strong  solution  of  potassium 
hydrate  (5  mols.),  a  saturated  aqueous  solution  of  hydroxylamine 
(2  mols.)  added,  and  the  whole  allowed  to  stand  at  ordinary  tempera- 
tures for  24  hours.  The  product  was  acidified  with  dilute  hydro- 
chloric acid,  extracted  several  times  with  ether,  and  the  ethereal 
extract,  after  being  dried  over  calcium  chloride  and  evaporated  to  a 
small  bulk,  was  transferred  to  a  small  dish  and  allowed  to  evaporate 
at  the  ordinary  temperature.  The  crystals  which  separated  were 
freed  from  oily  mother  liquor  by  spreading  on  a  porous  plate,  dried 
over  sulphuric  acid  under  reduced  pressure,  and  then  ground  up  in 
an  agate  mortar  with  a  small  quantity  of  pure  benzene.  In  this  way 
a  trace  of  a  dark-coloured  impurity  was  dissolved,  and  after  filtering 
and  washing  with  a  little  benzene,  a  colourless,  crystalline  residue 
was  obtained,  which  consisted  of  the  almost  pure  oxime  of  acetyl- 
methyltrimethylenecarboxylic  acid. 

The  solution  of  this  substance  in  warm  water,  when  filtered  and 
allowed  to  stand,  deposits  the  pure  oxime  in  colourless  plates,  which, 
after  drying  first  on  a  porous  plate  over  sulphuric  acid  under  reduced 
pressure,  and  then  at  80°,  gave  the  following  numbers  on  analysis  : — 

0-1229  gram  substance  gave  0*0818  gram  HjO  and  0'24il6  gram 

0"1907  gram  substance  gave  14'6  c.c.  N  ;  i  =  16°  j  bar.  =  745  mm. 

Theory. 

CyHiiNOs.  Found. 

C 53'50  per  cent.  53*61  per  cent. 

H 7-01         „  7-39 

N 8-92         „  8-63 

Acetylmethyltrimethylenecarboxylic  acid  oxime  melts  at  3  53 — 155^ 
with  decomposition.  It  is  readily  soluble  in  warm  water  and  alcohol, 
but  only  sparingly  in  benzene,  and  is  almost  insoluble  in  light 
petroleum.  It  crystallises  from  water  in  beautiful,  coloui'less,  glisten- 
ing plates. 

Acetoisohutyl  Alcohol,  CH3-CO-CH3-CH(CH3)-CHa-OH,  and 
Acetoisobutyl  Bromide,  CH3-CO-CH2-CH(CH3)-CH2Br. 

The  action  of  water  on  acetyltrimethylenecarboxylic  acid  was  first 
investigated  by  Freer  and  Perkm  (Trans.,  1887,  51,829),  who  showed 
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that,  on  prolonged  boiling  with  water,  it  is  decomposed  into  aceto- 
propyl  alcohol  and  carbonic  anhydride,  thus  : — 

PIT  'CO  PIT 

COOH^^^CH   "^  ^^^  ^  CH3-C0-CH,.CH,-CH,.0H  +  CO^. 

That  this  was  w-acetyl  normal  propyl  alcohol  was  subsequently 
proved  by  Colman  and  Perkin  (Trans.,  1888,  53,  189)  by  oxidising 
the  alcohol  to  levulinic  acid. 

Similarly,  we  have  found  that  acetylmethyltrimethylenecarboxylic 
acid,  under  analogous  conditions,  is  converted,  apparently  quantita- 
tively, into  an  acetobutyl  alcohol,  thus  : — 

The  constitution  of  the  resulting  alcohol  may  be  represented  by 
either  of  the  four  following  formulae : — 

I.  CH3-CO-CH2-CH('CH3)-CH2-OH.  Acetoisolutyl  alcohol 

11.  CH3-CO-CH(OH)-CH2-CHo-CH3.  Acetopropylcarhinol. 

III.  CH3-CO-CH(OH)-CH(CH3)2.  AcetoisopropylcarUnol 

ly.  CH3-CO-CH2-CH2-CH(OH)-CH3.  Acetoethylmethylcarhinol 

Acetopropyl  alcohol,  obtained  from  acetyltrimethylenecarboxylic 
acid,  is  the  normal  primary  alcohol,  and  as  it  is  extremely  probable 
that  the  corresponding  ketone  alcohol  obtained  from  acetylmethyl- 
trimethylenecarboxylic  acid  is  analogously  constituted,  we  shall 
assume,  until  evidence  to  the  contrary  has  been  deduced,  that  this 
ketone  alcohol  is  acetoisobutyl  alcohol, 

CH3-CO-CH2-CH(CH3)-CH2-OH. 

The  hydrolysis  of  acetylmethyltrimethylenecarboxylic  acid  was 
carried  out  by  dissolving  the  acid  in  20  times  its  weight  of  water, 
and  heating  the  solution  to  boiling,  in  a  flask  connected  with  a  reflux 
apparatus,  for  three  days,  at  the  end  of  which  time  the  evolution  of 
carbonic  anhydiide  had  practically  ceased.  The  product  was  then 
concentrated  by  distillation  from  a  flask  connected  with  a  long 
colonna  until  the  greater  bulk  of  the  water  had  been  removed,  the 
residue  saturated  with  potassium  carbonate,  and  the  turbid  liquid, 
from  which,  on  standing,  the  alcohol  separated  as  a  light,  oily  layer, 
extracted  20  times  with  pure  ether.  After  drying  over  potassium 
carbonate  and  evaporating,  a  colourless  oil  was  obtained,  which,  on 
distillation  under  reduced  pressure,  boiled  constantly  at  140 — 142° 
(100  mm.),  and  gave  the  following  results  on  analysis  : — 
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0*1478  gram  substance  gave  0*1393  gram  HgO  and  0*3363   gram 

Theory. 
CH3-CO-CH2CH(CH3)CH2-OH.  Found. 

C    6207  per  cent.  62*07  per  cent. 

H 10*34         „  10*49 

O    27*59        „  27*44 

Acetoisobutyl  alcobol  is  a  colourless  liquid,  wbicb  mixes  in  all  pro- 
portions witb  water,  and  in  its  general  properties  bears  a  very  close 
resemblance  to  acetopropyl  alcobol  and  acetobutyl  alcohol. 

Acetoisobutyl  alcobol  dissolves  in  fuming  bydrobromic  acid  witb 
evolution  of  a  considerable  amount  of  heat,  arid  formation  of  aceto- 
isobutyl bromide,  thus : — 

CH3-CO-CH2-CH(CH3)-CH2-OH  +  HBr  = 

CH3-CO-CH2-CH(CH3)-CH2Br  +  H^O. 

After  standing  for  some  time,  the  product  was  poured  into  water, 
extracted  three  times  with  ether,  the  ethereal  solution  washed  with 
water,  dried  over  calcium  chloride,  evaporated,  and  the  residual, 
yellowish  oil  distilled  under  diminished  pressure  (100  mm.).  A 
considerable  quantity  of  an  almost  colourless  oil  was  thus  obtained 
boiling  at  135 — 140°  (100  mm.),  and,  on  analysis,  gave  numbers  agree- 
ing approximately  with  those  required  for  acetoisobutyl  bromide. 

0*1601  gram  substance,  heated  in  a  sealed  tube  with  nitric  acid 
and  silver  nitrate  at  180°  for  four  hours,  gave  0*1625  gram  AgBr. 

Theory. 
CgHjiBrO.  Found. 

Br 44*69  per  cent.  43*  18  per  cent. 

As  in  the  case  of  acetobutyl  bromide  and  acetopropyl  bromide,  this 
substance  is  evidently  partially  decomposed  on  distillation,  witb  loss 
of  hydrogen  bromide,  and  this  accounts  for  the  analytical  results 
coming  too  low. 

Acetoisobutyl  bromide  is  a  thick,  colourless  oil,  which,  on  standing, 
rapidly  becomes  dark  coloured ;  it  has  a  peculiar  odour,  closely 
resembling  that  of  acetobutyl  bromide  or  acetopropyl  bromide. 

Ethyl  Methyldiaeetyladipate^ 

When  ethylene  bromide  reacts  with  the  sodium  compound  of  ethyl 
acetoacetate,  one  of  the  principal  products  of  the  reaction  is  ethyl 
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diacetyladipate  (Trans.,  1890,  57,  205),  and  when  propylene  bromide 
is  employed  the  reaction  proceeds,  in  part,  in  a  precisely  similar 
manner,  with  formation  of  ethyl  methyldiacetyladipate. 

2^^^^*^^>CHNa  +  BrCH(CH3)-CH2Br  = 

In  order  to  isolate  this  substance,  the  crude  product  of  the  action 
of  propylene  bromide  on  the  sodium  compound  of  ethyl  acetoacetate 
after  extraction  with  ether,  as  described  on  p.  68,  was  distilled  in  a 
current  of  steam  until  all  the  ethyl  acetyl  methyl trimethylenecarb- 
oxylate  and  unchanged  ethyl  acetoacetate  and  propylene  bromide  had 
passed  over,  and  until  only  a  very  small  quantity  of  oil  came  over 
with  the  condensed  steam.  The  residual,  thick,  dark-brown  oil,  which 
showed  properties  very  similar  to  those  of  crude  ethyl  diacetyladipate 
(loc.  cit.,  p.  216),  was  purified  by  conversion  into  the  sodium  com- 
pound in  the  following  way  : — 

The  oil,  after  extracting  with  ether,  drying  over  calcium  chloride,  and 
evaporating,  was  weighed,  dissolved  in  pure,  dry  ether,  and  gradually 
mixed  with  an  excess  of  a  solution  of  sodium  ethylate,  diluted  with 
ether,  and  allowed  to  stand  for  a  few  minutes.  The  yellow,  flocculent 
sodium  compound,  which  separated,  was  collected,  washed  rapidly 
with  ether,  decomposed  with  dilute  sulphuric  acid,  and  the  yellowish 
oil  which  is  thus  regenerated  extracted  with  ether.  The  ethereal 
solution  was  then  well  washed  with  dilute  sodium  carbonate  solution, 
dried  over  calcium  chloride,  and  the  conversion  into  the  sodium  com- 
pound repeated. 

In  this  way  a  small  quantity  of  a  straw-coloured  oil  was  obtained, 
which,  after  standing  over  sulphuric  acid  under  reduced  pressure 
for  24  hours,  gave  the  following  results  on  analysis : — 

I.  0-1710  gram  substance  gave  0*1248  gram  H2O  and  0-3802  gram 
CO2. 
II.  0*1496  gram  substance  gave  0*1073  gram  HgO  and  0*3374  gram 
CO2. 

Found. 

Theory.  ,■ * ^ 

C15H24O6.  I.  II. 

C    60-00  per  cent.  60-63         61*50  per  cent. 

H 8*00       „  8*11  7*90       „ 

O   32*00      „  31-26        30*60       „ 

These  numbers  agree  approximately  with  those  required  by  the 
formula  C15H24O6. 
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Ethyl  methyldiacetyladipate  closely  resembles  ethyl  diacetyladipate 
in  its  properties.  In  alcoholic  solution  it  gives,  with  a  drop  of  ferric 
chloride,  an  intense  violet  coloration  ;  it  combines  readily  with  phenyl- 
hydrazine  and,  apparently,  also  with  ammonia,  but  owing  to  the  small 
amount  of  material  at  our  disposal,  these  reactions  were  not  further 
investigated. 

Decomposition  of  Ethyl  Methi/ldiacetyladipate  by  Heat. — When  sub- 
jected* to  distillation  under  reduced  pressure,  ethyl  diacetyladipate  is 
decomposed  with  formation  of  a  variety  of  substances,  of  which  the 
most  important  are  the  following  (Trans.,  1890,  57,  206)  : — 

Ethyl  methyldihydropentene- 1  CH3-C ZC-CO'CHg. 

methylketonecarboxylate  .  J  COOCsH-CH-CHa-CHz 


Ethyl  methyldihydropentene- 1  CHg-C zC-COOCzH, 

dicarboxylate J  COOC^Ha-CH-CH^-CHa 


The  first  of  these  substances,  on  hydrolysis,  yields  methyldihydro- 
pentene methyl  ketone,  thus  : — 

CH3-C:==C-C0-CH.  ^ 

COOC^Hs-CH-CHj-CHj 

whereas  the  second,  under  similar  conditions,  is  simply  converted 
into  the  potassium  salt  of  methyldihydropentenedicarboxylic  acid, 
with  elimination  of  alcohol,  thus  : — 

CH3.C=C.C00C.H.  ^ 

COOCaHj-CH-CHj-CHj 

CH3-C~:=rC-C00K 
COOK-CH-CH/CH,  +  2C.H.-0H. 

The  decomposition  of  ethyl  methyl  diacetyladipate  on  distillation 
evidently  proceeds  in  an  exactly  similar  manner ;  but,  in  this  case, 
owing  to  the  presence  of  the  additional  methyl  group,  it  is  more 
difficult  to  assign  the  correct  constitution  to  the  substances  formed. 

On  hydrolysing  the  product  obtained  by  the  distillation  of  crude 
ethyl  methyldiacetyladipate,  a  neutral  substance,  CgHuO,  and  an  acid, 
C9H,204,  are  obtained  exactly  as  in  the  case  of  ethyl  diacetyladipate. 
The  neutral  substance,  which  is  obviously  dimethyldihydropeittene 
methyl  ketone  may  have  either  of  the  following  formulce  :  — 
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I.  II. 

CHa-C CCO-CHa  CH3-C  ^C'COCHa 

CH2-CH(CH3)-CH2  ^''  CH^-CHa-CH-CHa     ' 

and  the  constitution  of  the  acid,  which  is  clearly  dimethyldihydro- 
pentenedicarhoxylic  acid^  may  be  represented  thus  : — 

I.  II. 

CHa-C     C-COOH     CHh'C C-COOH 

COOH-CH-CH(CH3)-CH3    ''''   COOH-CH-CH^-CH-CHs  * 

Unfortunately,  with  the  small  amount  of  material  at  our  disposal, 
we  were  not  able  to  decide  between  these  formulae,  but  as  we  consider 
Formula  I  in  each  case  to  be  the  more  probable,  we  have,  for  sim- 
plicity's sake,  adopted  them  in  this  paper. 

In  carrying  out  these  decomposition  experiments,  the  crude  product 
of  the  action  of  propylene  bromide  on  the  sodium  compound  of  ethyl 
acetoacetate  was  fractioned  as  described  on  p.  68  until  the  thermometer 
rose  to  190°,  and  the  residue,  which  contains  the  ethyl  methyldiacetyl- 
adipate,  distilled  under  reduced  pressure  (100  mm.).  The  oil  boiling 
at  130 — 230°  (100  mm.)  (C,  p.  68),  was  repeatedly  fractioned  under 
reduced  pressure,  and  in  this  way  a  straw-coloured  oil  was  obtained 
in  the  form  of  two  fractions  boiling  respectively  at  208 — 211°  and 
212-215°  (175  mm.). 

These  fractions  gave,  on  analysis,  the  following  numbers  : — 

I  (208—211°).    0-1420  gram  substance  gave   0'1066   gram  HjO 
and  0-3432  gram  OOg. 
II  (212—215^).    0-1528  gram  substance  gave   0*1120   gram  HjO 
and  0-2684  gram  COa. 

Found. 

f " ^ 

I.  II. 

C 65-91         65-75  per  cent. 

H 8-34  8-14 

The  principal  product  of  the  distillation  of  ethyl  diacetyladipate 
boiled  constantly  at  230 — 231°  (200  mm.),  and  gave  on  analysis  the 
follov^iug  numbers  as  the  mean  of  four  experiments : — 

C 62-93  per  cent. 

H 7-83 

The  difference  between  these  numbers  and  those  obtained  above  is 
amply  accounted  for  by  the  introduction  of  an  extra  methyl  group, 
and  although  the  products  in  both  cases  are  mixtures,  there  can  be  no 
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doubt,  from  the  study  of  their  behaviour  on  hydrolysis,  that  they  are 
analogously  constituted. 

^.       ..,.,,  .        .^.7    Tx..         CHa-C  IZ=Z==IZI  C-CO-CHa 

Dimethyldihydropentene  Methyl  Ketone,  i        r^rr/r^iTj- n-Ait 

0112*0x1(0x13)    OH2 

This  substance  is  produced  in  considerable  quantity  by  the  hydrolysis 
of  the  crude  ethereal  salt  boiling  at  200 — 220°  (175  mm.),  obtained  as 
explained  in  the  previous  section. 

20  grams  of  this  oil  was  digested  with  a  moderately  strong  solution 
of  35  grams  of  potassium  hydrate  in  absolute  alcohol,  in  a  flask  con- 
nected w4th  a  reflux  apparatus,  for  three  hours  on  a  water-bath. 
During  the  operation,  a  large  amount  of  potassium  carbonate  sepa- 
rated, and  the  liquid  became  brownish,  and  acquired  a  strong  odour 
of  peppermint.  The  product  was  mixed  with  water,  extracted  five 
times  with  ether,  the  ethereal  solution  washed  with  water,  dried 
over  calcium  chloride,  evaporated,  and  the  residual  yellowish  oil 
purified  by  fractional  distillation.  The  principal  fraction  obtained 
was  an  almost  colourless  oil  boiling  at  195 — 205°,  but  a  considerable 
residue  was  left  in  the  retort  which  will  be  referred  to  again  later  on. 
The  fraction  195 — 205°  was  again  distilled,  and  the  portion  boiling  at 
198 — 200°  analysed  with  the  following  result : — 

I.  0'1570gram  substance  gave  0"1444  gram  H2O  and  0'448l  gram 
CO2. 
II.  01428  gram  substance  gave  0  1292  gram  HjO  and  0*4070  gram 

CO,. 

Found. 

Theory.  ^ ^ v 

C9H14O.  L                  II. 

C 78*26  per  cent.  77*84         77*73  per  cent. 

H 10-15        „  10*21         10-05 

O 11*60        „  11-95         12*22 

Dimethyldihydropentene  methyl  ketone  is  a  colourless  oil,  smelling 
strongly  of  peppermint,  which,  on  standing  in  the  light,  rapidly 
decolorises,  and  it  is  remarkable  that  this  oil,  on  repeated  fractiona- 
tion, sometimes  yields  a  dark-brown  distillate. 

This  behaviour  is  probably  caused  by  the  absorption  of  oxygen 
during  the  distillation,  and  this  may  be  an  explanation  of  the  fact 
that  one  or  two  preparations  of  this  ketone,  on  analysis,  gave  results 
considerably  too  low  in  carbon  and  slightly  too  low  in  hydrogen. 

Dimethyldihydropentene  methyl  ketone  in  its  general  properties 
resembles  closely  the  corresponding  mono  methyl  derivative, 

CH3-C :C'C0-CH3 

CH2-CH2*CH3 
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obtained  by  the  hydrolysis  of  ethyl  diacetyladipate  with  alcoholic 
potash  (Trans.,  1890,  57,  232)  and  by  the  action  of  dehydrating 
agents  on  diacetylbutane,  CHa-CO-CHa-CHa-CHa'CHz-CO-CHa  (Mar- 
shall and  Perkin,  Trans.,  1890,  57,  242). 

It    is    isomeric    with    methyltetrahydrobenzene    methyl    ketone, 

CRzKnjq^  __  Qjl^C-CO-CHg,  a  substance  produced  by  the  action 

of  dehydrating  agents  on  diacetylpentane  (Kipping  and  Perkin, 
Trans.,  1890,  57,  16),  and  which  boils  at  205—206°. 

The  thick,  dark-brown  oil  boiling  above  210°  which  remains  in  the 
retort  after  the  above  ketone  has  distilled  over  was  collected  from 
several  operations,  and  distilled  under  reduced  pressure  (30  mm.); 
in  this  way  a  quantity  of  a  thick,  yellowish  oil  was  obtained  boiling  at 
230 — 240°  (30  mm.).     On  analysis,  it  gave  the  following  numbers  : — 

0"1638  gram  substance  gave  0*1540  gram  H2O  and  0*5070  gram 

CO2. 

Theory. 

CigHseO.  Found. 

C 83*72  per  cent.  84*41  per  cent. 

H 10*08         „  10*44 

0 6*20        „  5*15 

A  determination  of  the  molecular  weight  of  this  substance  by 
E-aoult's  method,  using  acetic  acid  as  the  solvent,  gave  the  following 
results  : — 

Substance  taken 0*9828  gram. 

Acetic  acid  taken 325  grams. 

Melting  point  of  the  acetic  acid  . .  16*19° 

Melting  point  of  the  mixture  ....  15*73° 

Depression  of  the  melting  point  . .  0*46° 

Molecular  weight,  CieHzgO 258 

Found 257 

This  substance  has,  therefore,  the  formula  CisHgeO,  and  is  obviously 
produced  by  the  condensation  of  2  mols.  of  dimethyldihydropentene 
methyl  ketone  with  the  elimination  of  1  mol.  of  water. 

2C9H,40  =  CisHgeO  -h  H2O. 

Assuming  this  condensation  to  take  place  in  the  same  way  as  the 
condensation  of  2  mols.  of  acetone  in  forming  mesityl  oxide,  the 
constitutiou  of  the  substance  CisHje  would  be  represented  by  the 
formula 

CHa-C  =^C'C0'CH:C C  -C-CHa 

CH2-CH(CH3)-CHg  CH3  CH2-CH(CH3)-CH2 
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Dimethyldihydropentene  Methyl  Ketoxime^ 

CHa-b  ——ziizzz  c-c(:noh)-ch3 

CH2-CH(CH3)-CH2 

In  order  to  prepare  this  oxime,  5  grams  of  pure  dimethyldihydro- 
pentene methyl  ketone  was  dissolved  in  a  little  methyl  alcohol,  mixed 
with  a  solution  of  12  grams  of  potassium  hydrate  dissolved  in  alcohol, 
a  concentrated  aqueous  solution  of  hydroxylamine  hydrochloride 
(5  grams)  added,  and  the  whole  allowed  to  stand  for  24  honrs. 
The  product  was  transferred  to  a  porcelain  dish,  gently  warmed  on 
a  water-bath  till  free  from  methyl  alcohol,  mixed  with  water,  and 
the  oil  which  separated  extracted  with  ether.  The  ethereal  solution, 
after  drying  over  calcium  chloride  and  evaporating,  deposited  a 
colourless  oil  which,  on  fractionation  under  reduced  pressure  (100  mm.), 
distilled  almost  entirely  between  172°  and  176°  . 

A  small  quantity  of  the  oil  boiling  at  175°  (100  mm.)  gave  the 
following  results  on  analysis  : — 

I.  0*1712  gram  substance  gave  0*1530  gram  HoO  and  04436  gram 

0"1571   gram  substance  gave   13'1  c.c.  N" ;  ^   =   20°;    bar.    = 
740  mm. 
II.  0'1739  gram  substance  gave  0*1592  gram  HgO  and  0*4469  gram 

CO2. 

Found. 

Theory.  f " ,^ 

C9H15NO.  I.                  II. 

C 70-58  per  cent.  70*66         70*08  per  cent. 

H 9*80        „  9*93         10*17 

N 9*15        „  9-27           — 

Dimethyldihydropentene  methyl  ketoxime  is  a  thick,  pale-yellow 
oil,  possessing  the  odour  characteristic  of  oximes. 

It  is  only  sparingly  soluble  in  cold,  dilute,  aqueous  potassium  hydrate, 
but  dissolves  readily  in  a  moderately  strong  solution  on  warming, 
forming  a  colourless  solution  which,  on  cooling,  deposits  a  white, 
crystalline  potassium  salt.  This  oxime  is  isomeric  with  orthomethyl- 
tetrahydrobenzene  methyl  ketoxime  (Kipping  and  Perkin,  Trans., 
1890,  57,  18). 

DiTnethylpentametTiylenevietJiylcarhinol, 

CHa-CH CH-CH(0H)-CH3 

CH2-CH(CH3)-CH2 

In  studying  the  action  of  reducing  agents  on  methyldihydro- 
pentene  methyl  ketone,  Marshall  and  Perkin  (Trans.,  1890,  57,  24  j 
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found  that  this  unsaturated  ketone,  when  treated  with  sodium  in 
moist  ethereal  solution,  is  not  only  converted  into  the  carbinol,  bufc 
that,  under  the  influenc.e  of  this  powerful  reagent,  the  double  band 
in  the  ring  is  also  reduced  with  formation  of  methylpentamethylene- 
methylcarbinol,  thus  : — • 

CHa-C  C'CO'CHa    ,    ^^         CHa-CH CH-CH(0H>CH3 

Cll2*CH2Cxl2  Cxl2'CIl2*CH2 

Similar  results  were  obtained  by  Kipping  and  Perkin  in  studying 
the  action  of  reducing  agents  on  orthomethyltetrahydrobenzene 
methyl  ketone  (Trans.,  1890,  57,  21). 

This  interesting  point  led  us  to  experiment  on  the  behaviour  of 
dimetbyldihydropentene  methyl  ketone  when  treated  with  sodium  in 
moist  ethereal  solution  ;  and  we  find  that  this  ketone,  under  these 
conditions,  also  takes  up  4  atoms  of  hydrogen  with  formation  of 
dimethjlpentamethylenemethylcarbinol. 

About  15  grams  of  the  pure  ketone  was  dissolved  in  ether,  the 
solution  floated  on  a  solution  of  sodium  hydrate,  and  treated  care- 
fully with  a  very  large  excess  of  sodium,  small  quantities  of  water 
being  added  when  necessary,  and  the  reaction  moderated  by  cooling 
the  flask  containing  the  mixture  by  a  stream  of  water.  During  the 
operation,  a  quantity  of  a  white  sodium  compound  often  separates, 
especially  if  the  reduction  is  slowly  conducted.  This  is  obviously 
the  sodium  compound  of  the  carbinol ;  it  may  be  readily  decomposed 
by  the  addition  of  water  and  gently  agitating  the  flask.  The 
ethereal  solution  was  ultimately  separated,  washed  with  a  little 
dilute  hydrochloric  acid,  dried  over  calcium  chloride,  evaporated,  and 
the  residual  almost  colourless  oil  purified  by  repeated  fractionation 
under  reduced  pressure. 

The  oil  was  thus  separated  into  two  substances,  boiling  respectively 
at  184—187°  (100  mm.)  and  230—240°  (70  mm.). 

The  former  of  these  gave,  on  analysis,  the  following  numbers : — 

0"1062  gram  substance  gave  0*1213  gram  HaO  and  0*2970  gram 

CO2. 

Theory. 

CjHigO.  CgHigO.  Found. 

C 76*07  77*14  per  cent.  76*27  per  cent. 

H 12*67  11*43        „  12-69 

O 11*27  11*43        „  11*04 

This  substance  is,  therefore,  dimethylpentamethylenemethylcarb- 
inol,  CgHisO.  It  is  a  colourless,  mobile  oil,  possessing  an  odour 
resembling  that  of  menthol ;  when  digested  with  acetic  anhydride,  it 
yields  an  acetate  boiling  at  200 — 202°. 
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Tlie  second  substance,  which  is  produced  in  small  quantities  during 
the  redaction  of  the  ketone,  and  boils  at  230 — 240°  (70  mm.),  is  a 
very  thick,  almost  colourless  oil ;  on  standing,  it  showed  no  signs  of 
crystallising. 

It  yielded  the  following  numbers  on  analysis  : — 

0*1212  gram  substance  gave  0*1220  gram  HoO  and  0'3474  gram 
COo. 

Theory. 

CigHsoOs.  Found. 

C    77-69  per  cent.  78*17  per  cent. 

H 10*80       „  11*18       „ 

O    11*51       „  10*65       ,. 


The  molecular  weight  of  this  substance  was  determined  by  Raoult's 
ethod,  usir 
obtained  : — 


method,  using  acetic  acid  as  the  solvent.     The  following  results  were 


Weight  of  substance  taken 0'6676  gram 

Weight  of  acetic  acid 22*64  grams 

Melting  point  of  acetic  acid 16*19° 

Melting  point  of  mixture 15*745° 

Depression  of  the  melting  point 0*445° 

Molecular  weight,  C18H30O2 278 

Found , 258 

This  substance  has  therefore  the  formula  C18H30O2,  and,  from  its 
mode  of  preparation  and  general  properties,  it  is  probably  a  pinacone 
of  the  formula 

CHa-C  ==C'(OH)C C(0H)-C==C-CH3 

CH2-CH(CH3)-CH3        CH3  CH3       CHo-CH(CH3)-CH, 


Dimethyldihydropentejiedicarhoxylic  Acid, 
CHa-C  ~——:zzz  C-COOH 
COOH-CH-CH(CH3)-CH2 

The  brownish  alkaline  solution  from  the  hydrolysis  of  the  oil, 
b.  p.  200—205°  (175  mm.),  obtained  by  the  distillation  of  ethyl 
methyldiacetyladipate,  from  which  the  crude  dimethyldihydropentene 
methyl  ketone  had  been  extracted  with  ether,  as  described  on  p.  77, 
contains  the  potassium  salt  of  dimethyldihydropentenedicarboxylic 
acid. 

In  order  to  isolate  the  acid,  the  alkaline  solution  was  acidified 
with  hydrochloric  acid,  extracted  five  times  with  ether,  the  ethereal 
solution    dried   over  calcium    chloride,  evaporated,    ^nd    the    dark- 

VOL.    LXI.  G 
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broAvnish,  oily  residue  allowed  to  stand  over  sulphuric  acid  under 
reduced  pressure  for  several  days.  As  the  oil  showed  no  signs  of 
crystallising,  it  was  dissolved  in  a  considerable  quantity  of  water, 
mixed  with  barium  hydrate  solution  until  distinctly  alkaline,  heated 
to  boiling,  and  a  current  of  carbonic  anhydride  passed  until  the 
excess  of  barium  hydrate  had  been  removed.  The  product  was 
filtered,  the  filtrate  acidified  with  hydrochloric  acid,  extracted  with 
ether,  the  ether  evaporated,  and  the  residue,  which  was  much  im- 
proved in  appearance,  again  treated  with  barium  hydrate  as  before. 
The  ethereal  extract  ultimately  obtained  was  dried  over  calcium 
chloride,  evaporated,  and  the  residual  yellow  oil  allowed  to  stand 
over  sulphuric  acid,  under  reduced  pressure,  for  some  weeks,  until 
it  had  almost  completely  solidified. 

The  crude  substance  w^as  spread  on  a  porous  plate  till  free 
from  oily  impurity,  recrystallised  twice  from  water,  and  the  straw- 
coloured,  nodular  masses  thus  obtained,  after  drying  in  a  desiccator, 
analysed  with  the  following  result : — 

0"1808  gram  substance  gave  0*1083  gram  H2O  and  0*3905  gram 

CO2. 

Theory. 

C9H1264.  Found. 

C 58*69  per  cent.  58*90  per  cent. 

H 6*52       „  6*65       „ 

0 34*79       „  34*45       „ 

Dimethyldihydropentenedicarboxylic  acid  melts  at  180 — 182°  with 
slight  previous  softening,  and  in  its  general  properties  bears  a  very 
close  resemblance  to  methyldihydropentenedicarboxylic  acid  ob- 
tained from  ethyl  diacetyladipate  (Trans.,  1890,  57,  233)  ;  the  former 
was,  however,  found  much  more  difficult  to  purify  than  the  latter. 

The  basicity  of  dimethyldihydropentenedicarboxylic  acid  was  de- 
termined by  titration  with  standard  potassium  hydrate  solution 
(1  c.c.  =  0*00559  gram  KOH). 

0*2630  gram  substance  required  for  neutralisation  29*2  c.c.  of 
potassium  hydrate  solution  =  0*1632  gram  KOH. 

A  bibasic  acid  of  the  formula  CgHiaOi  requires  0*1600  gram  KOH 
for  neutralisation. 


Act{o7i  of  Propylene  Bromide  on  the  Sodium  Compound  of  Ethylhenzoyl- 
ucetate.     Formation  of  Ethyl  Benzoylnfiethyltrim.ethylenecarhoxylate, 
CeHs-CO  CH-CHa 

COOC2H5>C<CH2 
It  has  been  shown  in  previous  researches  (Trans.,  1885,  47,  836  ; 
1887,   51,  837;  1891,  59,  833)  that  the  sodium  compound  of  ethyl 
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benzoylacetate,  when  treated  with  ethylene  bromide  at  100°  in  alco- 
holic solution,  yields  ethyl  benzoyltrimethylenecarboxylate,  thus  : — 

2CeH5-CO-CHNa-COOCoH5  +  aH.Br,  =  COOC  H->^^Ch!  ^ 

CeHs-CO-CHo-COOCoHs  +  2NaBr. 

This  ethereal  salt,  on  hydrolysis,  yields  the  corresponding  benzoyl- 
trimethylenecarboxylic  acid,  which,  when  distilled,  is  converted 
quantitatively  into  benzoyltrimethylene  with  evolution  of  carbonic 
anhydride,  thus : — 

'f£>4l:  =  CeH.CO.CH<g  +  CO. 

While  studying  the  action  of  propylene  bromide  on  the  sodium 
compound  of  ethyl  acetoacetate,  it  occurred  to  us  that  it  would  be 
interesting  to  include  the  sodium  compound  of  ethyl  benzoylacetate 
in  our  investigations,  and,  as  a  result  of  our  experiments,  we  find 
that  the  decomposition  in  this  case  takes  place  exactly  as  in  the 
case  of  ethylene  bromide,  yielding  derivatives  of  benzoylmethyltri- 
methylene. 

78  grams  of  ethyl  benzoylacetate  was  dissolved  in  a  solution  of 
9*5  grams  of  sodium  in  100  grams  of  alcohol,  mixed  with  80  grams 
of  propylene  bromide,  and  the  mixture  heated  in  soda-water  bottles 
at  100°  for  three  hours.  The  product  was  diluted  with  water, 
extracted  four  times  with  ether,  the  ethereal  solution  well  washed , 
dried  over  calcium  chloride,  and  the  dark-brown,  oily  residue 
(73  grams)  fractioned  under  reduced  pressure  (100  mm.). 

In  the  first  distillation,  the  following  fractions  were  obtained :  — 

140—160=  about  28  grams. 
160—210       „      11       „ 
210—230       „      25       „ 

The  fraction  140 — 160°  was  found  to  consist  principally  of  aceto- 
phenone ;  the  fractions  160 — 230°  contain,  besides  a  little  aceto- 
phenone,  ethyl  benzoylmethyltrimethylenecarboxylate  and  unchanged 
ethyl  benzoylacetate.  From  these  fractions,  on  repeated  distillation, 
an  oil  (9  grams)  was  ultimately  obtained  boiling  constantly  at 
223 — 226°  (100  mm.)  ;  this,  on  analysis,  gave  the  following  num- 
bers : — 

I.  0*2100  gram  substance   gave   0-1804    gram    H2O    and   0'5530 

gram  CO2. 
II.  01575  gram  substance    gave    0*0970    gram    HjO  and   0*4138 

gram  CO2. 

G  2 
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CA.C0';"^  .CH.CH3     ^T^_ 
COOaHs^^^CHs    *     I.       II. 

C 72-41  per  cent.  71-92    71-65  per  cent. 

H 6-89    „        6-89    6-84 

O 20-69         „  21-19        21-51 


IS 


It  still  contains  traces  of  ethyl  benzoylacetate,  however,  as 
shown  by  the  fact  that  a  drop  of  the  oil  dissolved  in  a  little  alcohol 
gives  a  purple  coloration  with  ferric  chloride,  and  it  is  to  the  presence 
of  traces  of  this  substance  that  the  slight  deficiency  in  carbon  found 
in  the  above  analyses  is  due. 

Ethyl  benzoylmetJiyltrimethylenecarhoxylate  is  an  almost  colourless 
oil  which,  when  pure,  appears  to  distil  under  ordinary  pressures 
almost  without  decomposition  ;  in  its  general  properties,  it  bears  a 
close  resemblance  to  ethyl  benzoyltrimethylenecarboxylate. 


Benzoylmethyltrimethylenecarboxylic  Acid,     ^^^■rT^^'*^riTT 

iyUUH.  C/II2 

In  order  to  prepare  this  acid,  the  pure  ethereal  salt  (1  mol.)  was 
digested  with  a  moderately  concentrated  solution  of  potassium 
hydrate  (2  mols.)  in  methyl  alcohol  for  three  hours,  the  solution 
diluted  with  water,  evaporated  on  a  water-bath  till  quite  free  from 
methyl  alcohol,  cooled  well,  filtered,  acidified  with  dilute  hydrochloric 
acid,  and  extracted  three  or  four  times  with  pure  ether. 

The  ethereal  solution  was  dried  over  calcium  chloride,  evapo- 
rated, and  the  residual  yellow  oil  allowed  to  stand  for  some  days. 
The  crystals  which  formed  were  separated  from  the  oily  mother 
liquor  by  spreading  on  a  porous  plate,  and  the  almost  colourless 
residue  washed  as  rapidly  as  possible  with  small  quantities  of  ether 
on  a  filter  pump.  The  beautiful,  colourless,  glistening,  crystalline 
mass  thus  obtained,  after  drying  over  sulphuric  acid  under  reduced 
pressure,  gave  the  following  results  on  analysis  : — 

0-1825  gram  substance  gave    0*1246  gram  HoO  and  0'5503  gram 
CO2. 

Theory. 
CoH^.CO  GH.CK3 

C00H^^^CH2  *         Found. 

C 70-59  per  cent.       70-66  per  cent. 

H 5-88    „  6-04 

0 23-53    „         23-30 

Benzoylmethyltrimethylenecarboxylic  acid  melts  at  128 — 129°,  and 
at  140°  it  begins  to  decompose  with  evolution  of  ca  l;:inic  anhydride. 
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It  is  readily  solnble  in  alcoliol  and  benzene,  moderately  soluble  in 
ether  and  hot  water,  sparingly  soluble  in  light  petroleum  and  cold 
water.  The  solution  of  the  acid  in  dilute  sodium  carbonate  does  not 
decolorise  potassium  permanganate  even  on  long  standing.  The  acid 
crystallises  from  its  solution  in  warm  water  in  curiously  striated 
needles  grouped  together  in  stellate  masses.  On  examination  under 
the  microscope,  some  of  the  more  perfect  crystals  were  found  to  have 
the  following  forms  : — 


The  acid  crystallises  from  a  mixture  of  benzene  and  light  petr- 
oleum in  hard,  colourless  prisms,  the  surfaces  of  which  are  usually 
very  striated  and  the  edges  uneven. 


Oxime  of  BenzoylmethyltrimethylenecarhoxyUc  Acid, 


CeHs-CCiNOH) 
COOH 


>c<; 


CH-CH, 


CH. 


This  substance  is  readily  obtained  by  dissolving  pure  benzoylmethyl- 
trimethjlenecarboxylic  acid  in  a  large  excess  of  aqueous  potassium 
hydrate  solution,  adding  twice  the  calculated  quantity  of  hydroxyl- 
amine  hydrochloride,  and  allowing  the  mixture  to  stand  for  two  days. 
The  product  was  warmed  for  a  few  minutes  at  40 — 50°,  cooled  again, 
acidified  with  dilute  hydrochloric  acid,  and  the  oxime,  which  sepa- 
rates at  once  in  a  solid  condition,  collected,  washed  with  water,  and 
spread  on  a  porous  plate.  An.  analysis  of  the  substance,  dried  over 
sulphuric  acid  under  reduced  pressure,  gave  the  following  num- 
bers : — 


0"1320  gram  substance  gave  7'6 


c.c.  N;  t  =  16°:  bar.  =  756  mm. 


Theory. 
CisHiaTNOa.  Found. 

N 6-39  per  cent.  6-67  per  cent. 

The  oxime  prepared  in  this  way  melts  at  about  130— 135°  with 
decomposition.  It  is  more  readily  soluble  in  hot  water  than  the 
acid  itself,  but  does  not  crystallise  out  well  on  cooling ;  it  dissolves 
easily  in  ether  and  alcohol,  but  only  sparingly  in  benzene  and  light 
petroleum.  Unfortunately,  owing  to  the  very  small  amount  of  material 
at  our  disposal,  we  were  not  able  to  recrystallise  this  oxime,  so  that 
the  melting  point  given  above  must  be  taken  as  approximate  only. 
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BenzoylmethyltrimctJiylGnc,  CeHs'CO'CH-c:^  i 

LiH.2 

When  Leatecl  above  140°,  benzoylmetliyltrimethylenecarboxylic 
acid  is  gradually  decomposed  with  evolution  of  carbonic  anhydride 
and  formation  of  benzoylmethyltrimethylene,  thus  : — 

C.H,-CO  CH-CH3  _  CH-CH3 

COOH><^<CH.         ^  ^'H'^°^^<CH,         +  ^°^- 

In  order  to  prepare  this  substance,  the  crude  acid,  prepared  by 
hydrolysiug  crude  ethyl  benzoylmetbyltrimethylenecarboxylate  boil- 
ing at  210 — 235°  (100  mm.),  was  distilled  from  a  small  retort,  the 
distillate  dissolved  in  ether,  shaken  once  or  twice  with  dilute  sodium 
carbonate  solution  in  order  to  remove  benzoic  acid,  dried  over 
calcium  chloride,  evaporated,  and  the  residual  almost  colourless  oil 
purified  by  fractionation  under  ordinary  pressures.  In  this  way  a 
small  quantity  of  a  straw-coloured  oil  was  obtained  boiling  at 
240 — 245°,  which,  on  analysis,  gave  the  following  numbers  :  — 

0'1825  gram  substance  gave  0*1246  gram  H2O  and    0"5503  gram 
CO2. 

Theory, 

CiiHisb.  Found. 

C    82*50  per  cent.  82'28  per  cent. 

H 7-50        „  7-64 

0 10-00        „  10-13 

Benzoylmethyltrimethylene  is  an  almost  colourless  oil  slightly 
soluble  in  boiling  water;  it  boils  at  240 — 245°,  and  in  its  general 
properties  closely  resembles  benzoyltrimethylene,  which  boils  at  239° 
(720  mm.). 

Benzoyltrimethylene  Oxime,  C6H-C(:N0H)-CH<  i  __        ' 

0x12 

In  order  to  prepare  this  oxime,  pure  benzoylmethyltrimethylene 
Avas  dissolved  in  methyl  alcohol,  mixed  with  a  concentrated  aqueous 
solution  of  IJ  times  the  calculated  quantity  of  hydroxylamine  hydro- 
chloride, and  then  four  times  the  calculated  quantity  of  a  moderately 
strong  solution  of  potassium  hydrate  in  methyl  alcohol  slowly  added. 

After  standing  for  24  hours,  the  product  was  gently  heated  on  a 
•water-bath  till  free  from  alcohol,  diluted  with  water,  and  extracted 
three  times  with  pure  ether.  The  ethereal  solution,  after  drying  over 
calcium  chloride  and  evaporating,  deposited  an  almost  colourless  oil, 
which,  even  on  long  standing  over  sulphuric  acid  under  reduced  pres- 
sure, showed  no  signs  of  crystallising. 
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Ad.  analysis  of  this  oxitne  gave  the  following  numbers  :— 

0*2272  gram  sabstance  gave  15'7  c.c.  'N ;  t  =  17° ;  bar.  =  750  mm. 

Theory. 

CaHigNO.  Found. 

"N" S'OO  per  cent.  8*00  per  cent. 


V. — The  lodometric  Estimation  of  Chloric  Acid  in  Chlorates. 

By  George  McGowan,  Ph.D. 

In  the  memorable  paper  by  Bunsen,*  in  which  he  describes  the  volu- 
metric method  for  the  determination  of  free  iodine,  by  means  of  a 
dilate  aqueous  solution  of  sulphurous  acid,t  and  thereby  of  those 
substances  which  yield  chlorine  quantitatively  when  warmed  with 
hydrochloric  acid  ;  chlorates  are  adduced  by  him  as  being  among  the 
many  compounds  to  which  the  method  is  applicable.  On  pp.  282 — 3 
of  Bunsen's  paper  {loc.  cit.)^  one  example  of  the  analysis  of  a  chlorate 
is  given,  the  actual  result  of  which  agrees  well  with  theory  (that  is, 
that  1  mol.  of  chloric  acid  is  equivalent  to  6  atoms  of  chlorine  or 
iodine).  Finkener,J  however,  afterwards  stated  that  by  this  process 
less  than  the  theoretical  amount  of  free  chlorine  was  invariably 
obtained  ;  and  he  recommended,  in  consequence,  a  modification  of  the 
method,  the  details  of  which  are  to  be  found  either  in  H.  Rose's 
Handbuch,  or  in  the  last  edition  of  Fresenius'  Quantitative  Analysis.^ 
In  the  Zeitschrift  fur  angewandte  C hemic  for  August,  1890 
(pp.  477 — 481),  De  Koninck  and  Nihoul  published  a  paper  on  the 
iodometric  estimation  of  nitrates  and  chlorates,  their  process  consist- 
ing in  the  decomposition  of  a  rather  concentrated  solution  of  a  nitrate 
or  chlorate  by  gaseous  hydrogen  chloride  in  an  atmosphere  of  carbon 
dioxide,  and  by  this  means  they  obtained  excellent  results  in  both 
cases.  The  author,  independently  of  the  two  gentlemen  just  named, 
shortly  afterwards  hit  upon  the    same   idea  for   the  estimation  of 

*  "  Uebcr  eine  volumetrische  Methode  von  sehr  allgemeiner  Anwendbarkeit," 
Annalen,  86,  2G4— 291  (1853). 

t  This  method  was  originally  discovered  by  Dupasquier,  but  subsequently  im- 
proved and  elaborated  by  Bunsen,  the  solution  of  sulphurous  acid  being  ultimately 
replaced  by  one  of  sodic  thiosulphate. 

Z  H.  Rose's  Handbuch  der  anal.  Ckemie,  6th  Edition,  completed  by  Fiakener. 

§  6th  German  Edition,  1,  533. 
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nitrates,*  but  the  details  of  the  method  and  the  apparatus  employed 
differed  materially  in  the  two  cases,  as  will  be  seen  by  reference  to  the 
original  papers.  He  has  since  then  carefully  investigated  the  method 
as  applied  to  chlorates,  and  it  will  be  seen  that  the  results,  appended 
below,  corroborate  those  of  De  Koninck  and  Nihoul,  thus  proving 
that  Finkener  was  mistaken  in  supposing  that  the  amount  of  chlorine 
actually  found  is  less  than  that  required  by  theory.  This  error  on 
Finkener 's  part  doubtless  arose  from  a  small  portion  of  the  chlorine 
in  his  experiments  being  lost  by  acting  on  the  rubber  tubing  of  his 
apparatus. 

The  details  of  the  experiments,  about  to  be  cited,,  are  as  follows  : — 

The  burettes  used  were  carefully  calibrated,  and  were  kept  clean 
by  frequent  washing  with  a  solution  of  alcoholic  potash. 

The  thiosulphate  solutions  employed  were  standardised  with  the 
utmost  care  from  a  nearly  deci-normal  solution  of  potassic  dichromate. 
This  dichromate  was  recrystallised  from  the  commercial  salt,  in  small 
crystals,  three  times,  drained  (not  pressed  between  paper),  and  dried 
at  100° ;  the  portion  used  for  making  the  standard  solution  w^as 
previously  heated  just  to  fusion,  and  cooled  over  chloride  of  calcium. 
The  standardising  of  the  thiosulphate  was  carried  out  as  recommended 
by  Mohr,t  that  is,  a  given  volume  (20 — to  30  c.c.)  of  the  dichromate 
solution  was  run  into  a  flask  provided  with  a  well-fitting  glass 
stopper,  a  solution  of  iodide  of  potassium  and  concentrated  hydro- 
chloric acid  were  then  added  in  excess,  the  stopper  firmly  inserted^ 
and  the  flask  warmed  gently  in  hot  water  (to  about  40°)  for  a  few 
minutes ;  it  was  then  quickly  cooled,  and  its  contents  titrated  with 
the  thiosulphate  solution. 

The  potassium  chlorate  used  for  the  test  analyses  was  recrystallised 
twice  from  the  commercial  salt,  in  small  crystals,  drained,  dried  in  the 
air-bath,  finely  powdered,  and  then  dried  again  at  170 — 200°. 

The  apparatus  employed  was  that  drawn  and  described  in  the 
Transactions,  1891,  59,  531,  except  that  it  was  improved  by 
substituting  a  tight  ground-glass  joint  for  the  small  rubber  joint  at 
0  (see  note  on  p.  532)  ;  and,  since  it  is  unnecessary  in  this  estimation  to 
previously  expel  the  air  present  by  a  current  of  carbon  dioxide,  those 
tubes  which  come  after  the  tower  E  were  dispensed  with.  The  details 
of  the  operation  are  also  practically  the  same  as  in  the  case  of  a 
nitrate,  only  simpler.  Comparatively  dilute  hydrochloric  acid  may 
be  employed  (how  dilute  it  may  be,  I  have  not  thought  it  necessary 
to  determine),  and  the  carbon  dioxide  is  required  merely  to  ensure  a 
regular  passage  of  the  vapours  through  the  iodide  of  potash  solution, 

*  "  The  lodometric  Esiiniation  of  Nitric  Acid  in  Nitrates,"  Trans,,  1891,  59, 
530. 
f  Sutton's  Vohmieiric  Analysis,  4tli  Edition,  p.  100. 
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and  to  jDrevent  any  chlorine  escaping  backwards.  This  is  tested,  as 
before,  by  the  small  piece  of  iodide  of  starch  paper  in  tube  s,  which 
should  be  so  placed  as  never  to  get  warm. 

The  chlorate  is  weighed  out  into  the  dry  evolution  flask  A,  then 
dissolved  in  8  to  10  c.c.  of  water,  and,  after  all  the  necessary  connec- 
tions have  been  made,  8  to  10  c.c.  of  pure  concentrated  hydrochloric 
acid  are  run  in  through  the  funnel  g.  Since  the  reaction  begins  in 
the  cold,  the  carbon  dioxide  must  be  turned  on  immediately,  and  kept 
passing  at  the  rate  of  about  four  bubbles  per  second.  Care  should 
be  taken  to  heat  very  gently  at  first,  until  the  bulk  of  the  chlorine 
has  come  over,  after  which  the  lamp  flame  may  be  gradually  turned 
up  and  the  liquid  boiled,  exactly  as  in  the  case  of  the  nitrate ;  this 
ensures  that  no  chlorine  escapes  backwards.  And,  as  before,  after 
all  the  chlorine  has  been  apparentl}^  driven  out,  and  the  solution  hns 
become  colourless,  a  second  quantity  of  warm  hydrochloric  acid  (1  in  2) 
is  run  in,  and  the  boiling  repeated  for  a  few  minutes. 

The  following  results  of  five  out  of  six  consecutive  estimations, 
may  be  cited  (the  fifth  estimation  was  accidentally  spoilt) : — 

Potassium  chlorate  Found. 

taken.  , ' v 


I   .. .  0-1873  gram.  0-1870  gram  =    99-81  per  cent. 

II...  0-1949       „  0-1950  \,      =100-05 

III  ...  0-2131       „  0-2125     „      =    99-72 

IV  ...  0-10555     „  0-1050     „      =     99-53 
V  .  . .  0-05625     „  0-05596  „      =    99-48 

Notes. — It  is  necessary  to  work  with  small  qaantities,  as  above^ 
seeing  that  such  a  large  amount  of  chlorine,  relatively  to  the  chlorate,, 
is  set  free.  For  the  titration  of  the  liberated  iodine  in  the  estimations 
I,  II,  and  III,  a  fifth-normal  solution  (approximately)  of  thio- 
sulphate  was  used,  that  is,  1  c.c.  of  it  was  equivalent  to  0-0041786 
gram  KCIO3 ;  for  estimation  IV,  also  a  fifth-normal  solution,  of  which 
1  c.c.  was  equivalent  to  0-0041835  gram  KCIO3 ;  and  for  estimation 
V,  a  deci-normal  solution  (approximately),  of  which  1  c.c.  was 
equivalent  to  0-0020057  gram  KCIO3.  In  IV  and  V,  the  small 
amounts  of  chlorate  employed  were  not  directly  weighed,  but  their 
equivalents  in  measured  quantities  of  a  solution  containing  1-037  grams 
in  100  c.c.  were  taken. 

There  can  thus  be  no  doubt  as  to  the  exactness  of  the  process. 
In  conclusion,  the  author  would  wish  again  to  emphasise  the  point 
that  all  determinations,  in  which  free  chlorine  is  evolved,  should  be 
made  in  some  such  apparatus  as  that  described  above,  in  which  no 
india-rubber  is  exposed  to  the  action  of  the  gas. 

University  College  of  N.  WnJr.<, 
Ba7igor. 
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VI.— CONTRIBUTIONS  FROM  THE  RPJSEARCH  LABORA 
TORY  OF  THE  PHARMACEUTICAL  SOCIETY  OF  GREAT 
BRITAIN. 

The  Existence  of  Hyoscyamine  in  Lettuce. 

By  T.  S.  Dymono,  F.I.C,  Assistant  Lecturer  in  Chemistry  to,  and 
Demonstrator  in  the  Research  Laboratory  of,  the  Pharmaceutical 
Society. 

Lettuce  has  been  nsed  in  medicine  from  early  times,  chiefly  as  a 
sedative,  and  at  the  present  day  an  extract  of  the  plant  is  somewhat 
largely  employed.  This  is  prepared  by  pressing  out  the  juice  from 
the  entire  fresh  plant  when  in  flower,  and,  after  coagulating  the 
proteid,  evaporating  the  liquid  to  dryness  at  a  temperature  of  60°. 
My  attention  was  drawn,  a  few  months  ago,  to  the  mydriatic  action 
of  such  an  extract,  prepared  at  Hitchin  from  common  lettuce, 
Lactuca  sativa.  In  appearance,  odour,  and  taste  it  closely  re- 
sembled the  extract  of  belladonna  of  the  British  Pharmacopoeia,  and, 
as  in  belladonna,  the  mydriatic  action  was  found  to  be  due  to  an 
alkaloid.  Nevertheless,  the  exact  history  of  the  extract  was  known, 
and  5  grains  were  swallowed  with  no  more  effect  than  a  slight  feeling 
of  drowsiness,  whilst  the  same  quantity  of  extract  of  belladonna 
would  have  been  a  most  dangerous  dose.  It  is  extraordinary  that  the 
similarity  in  appearance  of  the  extracts  of  belladonna  and  lettuce 
should  not  have  led  to  the  observation  that  the  extract  of  lettuce 
exerts  a  mydriatic  action.  It  seemed  possible,  however,  that  con- 
tamination of  this  specimen  with  a  small  quantity  of  extract  of  bella- 
donna might  have  occurred,  and  therefore  four  other  commercial 
specimens  were  examined.  Three  of  these  had  been  prepared  at 
Market  Deeping,  the  first  from  common  lettuce,  L.  sativa,  the  second 
from  wild  lettuce,  L.  virosa,  the  third  fi-om  that  variety  of  common 
lettuce  especially  valued  for  salad,  the  cos  lettuce.  The  fourth 
commercial  specimen  had  been  made  from  wild  lettuce,  but  its  exact 
history  was  unknown.  All  the  extracts  had  been  prepared  from  the 
flowering  plant  and  accoi'ding  to  the  directions  of  the  British  Pharma- 
copoeia. 

They  all  contained  a  mydriatic  alkaloid  in  distinct  quantity,  that 
from  the  cos  lettuce  containing  by  far  the  least.  Finally,  a  dried 
specimen  of  wild  lettuce  collected  when  in  flower,  when  extracted  by 
alcohol  acidified  by  acetic  acid,  yielded  an  alkaloid  which  dilated  the 
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pupil  of  the  eye  ;  a  fresh  young  plant  of  garden  lettuce  also  yielded 
a  trace  of  mydriatic  substo^nce. 

Having  now  established  the  fact  that  both  the  wild  and  cultivated 
lettuce  contain  at  the  flowering  period  a  mydriatic  alkaloid,  its  ex- 
traction in  a  pure  state  and  identification  were  attempted.  Several 
methods  were  adopted  for  separating  the  alkaloid  from  the  chloro- 
phyll, fat,  sugar,  the  crystalline  substance  contained  in  the  milk  sap, 
and  the  other  constituents  of  the  extract. 

1.  The  extract  was  mixed  with  water,  and  the  mixture  shaken 
with  benzene  to  remove  fat  and  chlorophyll.  The  liquid  was  now 
made  alkaline  with  sodium  carbonate,  and  the  alkaloid  removed  by 
shaking  with  chloroform.  The  method  was  a  very  tedious  one, 
owing  to  the  difiBculty  of  separating  the  benzene  and  chloroform  from 
the  aqueous  liquids. 

2.  The  extract  was  mixed  with  dilute  hydrochloric  acid,  and  the 
mixture  filtered.  To  the  brown  filtrate  from  the  residue  of  chloro- 
l)hyll  and  albuminous  matter,  alcohol  was  added.  The  brown  pre- 
cipitate was  filtered  off,  and  the  nearly  colourless  alcoholic  filtrate 
evaporated  to  a  small  bulk.  The  alkaloid  was  extracted  from  the 
remaining  liquid,  after  rendering  it  alkaline  by  sodium  carbonate,  by 
agitation  with  chloroform.  This  was  also  a  tedious  method,  owing  to 
the  difiiculty  of  filtering  the  acid  liquid  from  the  chlorophyll  and 
proteid. 

3.  The  extract  was  dried  and  roughly  powdered.  The  dry 
powder  being  very  hygroscopic,  it  was  mixed  with  an  equal  volume 
of  sand  to  prevent  the  formation  of  a  solid  cake  and  to  form  a  porous 
mass.  This  was  alternately  macerated  and  percolated  with  absolute 
alcohol  until  the  soluble  constituents  had  been  almost  entirely 
removed.  The  alcohol  was  distilled  off,  and  a  residue  was  obtained 
containing,  besides  the  alkaloid,  chlorophyll,  fat,  sugar,  and  other 
substances.  Water  was  added,  the  mixture  filtered,  the  filtrate  well 
shaken  with  ether,  then  rendered  alkaline  with  ammonia,  and  the 
alkaloid  removed  by  chloroform.  This  method  is  also  very  tedious. 
The  maceration  and  percolation  of  the  dried  extract  by  alcohol  had 
to  be  repeated  more  than  20  times. 

4.  The  extract  was  mixed  with  water  acidified  with  acetic  acid, 
and,  to  the  thick  liquid,  alcohol  was  added  till  the  insoluble  substances 
were  completely  precipitated.  The  mixture  was  then  filtered,  the 
pale-green  filtrate  evaporated  to  a  small  bulk,  filtered  again,  washed 
by  shaking  with  ether,  and  finally  rendered  alkaline  with  ammonia, 
and  the  alkaloid  removed  by  shaking  with  chloroform.  This  process 
may  be  very  quickly  performed,  and  yields  the  alkaloid  in  quite  as  pare 
a  state  as  the  other  methods  do. 

The  alkaloid  must  in  each  case  be  purified  by  extracting  from  the 
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solution  in  chloroform  with  dilute  sulphuric  acid,  and,  after  render- 
ing the  acid  solution  alkaline  v/ith  ammonia,  shaking  out  the 
alkaloid  with  ether.  On  evaporating  the  ether,  a  light-brown, 
syrupy,  alkaloidal  residue  is  obtained,  having  powerful  mydriatic 
properties  and  when  the  extract  of  cultivated  lettuces  had  been  used 
a  strong  odour  resembling  that  of  pyridine.  (The  alkaloid  obtained 
from  the  extract  of  wild  lettuce  was  devoid  of  this  odour.)  The 
pyridine-like  body  volatilises  on  exposure  to  the  air,  but  an  impurity 
remains  associated  with  the  alkaloid  which  is  much  more  difficult  to 
remove.  Purification  may  be  partially  effected  by  taking  advantage 
of  the  greater  solubility  of  the  alkaloid  in  ether,  and  of  the  fact  that, 
on  fractionally  precipitating  it  from  an  acid  solution  by  ammonia,  the 
impurity  is  precipitated  first,  but  the  complete  purification  of  the 
alkaloid  was  not  possible  by  either  method.  The  presence  of  the 
impurity  made  it  impossible  to  obtain  a  crystalline  aurochloride, 
although  many  attempts  were  made  to  do  so;  indeed,  these  failures 
at  one  time  suggested  that  the  alkaloid  might  prove  to  be  a  new 
member  of  the  mydriatic  group  (atropine,  hyoscy amine,  hyoscine, 
&c.),  since  all  the  known  members  form  crystalline  aurochlorides. 

In  attempting  to  devise  a  new  method  of  purification,  it  became 
necessary  to  examine  the  properties  of  some  of  the  salts  of  atropine 
and  hyoscyamine.  It  was  found  that  they  both  form  crystalline 
oxalates,  soluble  in  alcohol  and  precipitated  from  the  alcoholic  solu- 
tion by  ether.  This  property  was  made  use  of  for  purifying  the 
lettuce  alkaloid;  to  its  alcoholic  solution,  an  alcoholic  solution  of 
oxalic  acid  was  added  and  the  oxalate  formed  precipitated  by  ether. 
The  excess  of  oxalic  acid,  together  with  the  impurity,  remain  in 
solution.  The  oxalate  is  redissolved  in  alcohol  and  reprecipitated  by 
ether,  and  is  then  dissolved  in  water,  the  aqueous  solution  made 
alkaline  with  ammonia,  and  extracted  with  ether.  The  ether,  on 
evaporation,  leaves  a  colourless,  syrupy  residue,  which  dissolves  in 
chloroform  and  reappears  in  long,  silky  needles  on  spontaneous 
evaporation  of  the  solvent. 

The  crystalline  alkaloid  thus  obtained  resembled  hyoscyamine  in 
appearance  and  properties,  but  its  melting  point,  104"  1°  (corr.),  was 
somewhat  lower  than  that  of  pure  hyoscyamine,  108*5°  (Ladenburg). 

In  order  to  further  purify  and  characterise  the  compound,  the  auro- 
chloride was  prepared.  The  first  few  drops  of  the  aqueous  solution 
of  gold  chloride  precipitated  a  resinous  mass  when  added  to  the 
solution  of  the  alkaloid  in  dilute  hydrochloric  acid,  but  a  further 
addition  formed  a  yellow,  pulverulent  precipitate,  which  did  not 
aggregate.  The  whole  precipitate  was  dissolved  in  hot  water  acidi- 
fied with  05  per  cent,  of  hydrochloric  acid,  the  small,  insoluble 
residue  being  filtered  off.     A  process  of  fractional  crystallisation  was 
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now  performed,  and  by  this  means  the  greater  part  of  the  gold  salt 
was  finally  obtained  in  the  form  of  flat,  shining  needles,  melting  at 
159*75°  (corr.)  after  drying  at  100".  This  melting  point  corresponds 
with  that  of  the  aurochloride  of  hyoscyamine,  which,  according  to 
Ladenburg,  is  159°  (Ber.,  13,  109). 

From  the  mother  liquors  from  the  hyoscyamine  aurochloride,  a 
substance  was  slowly  deposited  in  small,  compact,  button-like,  crys- 
talline masses.  It  melted  at  149*5°.  On  recrystallising,  it  was 
deposited  in  the  flat  needles  or  leaflets  characteristic  of  the  hyo- 
scyamine salt,  and,  after  repeating  the  recrystallisation,  melted  at 
158*5°  (corr.).  The  peculiar  forrn  in  which  the  substance  first 
crystallised  was  probably  due  to  the  presence  in  the  mother  liquor  of 
a  trace  of  atropine,  which  probably  had  been  formed  from  the 
hyoscyamine  during  its  isolation  and  purification. 

The  gold  salt  melting  at  159*75°  was  analysed.  It  was  dissolved 
in  dilute  hydrochloric  acid,  and  the  gold  precipitated  as  sulphide  by 
sulphuretted  hydrogen ;  this  was  ignited  and  weighed  as  metallic 
gold,  and  in  a  second  experiment  washed  free  from  sulphur  by  bi- 
sulphide of  carbon  and  weighed  as  sulphide.  The  filtrate  from  the 
gold  sulphide  was  freed  from  sulphuretted  hydrogen  by  a  current  of 
air,  rendered  alkaline  by  ammonia,  and  extracted  by  chloroform. 
The  alkaloid  obtained  by  evaporating  the  chloroform  was  dried  at 
100°  and  weighed. 

I.  0*0207  gram  substance  gave  0*006 12  gram  gold  and  0*0096  gram 

alkaloid. 
II.  0*0063  gram  substance  gave  0*0023  gram  gold  sulphide. 

Found. 


r 
I. 

11. 

Calculated  for 

Ci7H23N03,HAuCl4. 

Gold 

31-0 

31*4  per  cent. 

31*3  per  cent. 

Alkaloid  . . 

46*3 

55 

45-9         „ 

The  alkaloid  is  thus  proved  to  be  hyoscyamine.  In  the  small 
quantity  of  total  alkaloid  at  my  disposal,  no  other  mydriatic  base 
could  be  detected  beyond  the  trace  of  atropine  already  referred  to, 
and  which  probably  did  not  exist  in  the  plant.  The  amount  of 
hyoscyamine  contained  in  the  extract  of  common  lettuce  does  not 
exceed  0*02  per  cent.,  whilst  the  fresh  plant  cannot  contain  more 
than  0*001  per  cent. 

It  has  thus  been  shown  that  at  the  flowering  period  lettuce  con- 
tains hyoscyamine,  and  it  is  probably  to  the  presence  of  this  alkaloid 
that  the  sedative  and  anodyne  action  of  the  preparations  of  the  plant 
is  due.  That  this  important  constituent  has  been  until  now  over- 
looked, although  the  mydriatic   properties  of  wild  lettuce  have  long 
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been  known  (Med.  Ghir.  Review,  1876,  233),  is  perhaps  due  to  tlie 
belief  that  the  activity  of  lettuce  resided  in  the  dried  milk  sap,  which 
has  been  employed  in  medicine  for  many  years  nnder  the  name  of 
"  lactucarium."  The  medical  evidence  on  the  value  of  this  drng  is, 
however,  very  conflicting,  and  Garrod  has  found  (Med.  Times  and 
Gazette,  March  26,  1864)  that  as  a  soporific  it  is  quite  inert.  I  have 
examined  specimens  of  lactucarium  of  both  English  and  German 
manufacture,  and  found  that  they  were  entirely  free  from  mydriatic 
properties ;  neither  did  they  contain  any  alkaloid  whatever.  The 
repute  in  which  lactucarium  has  been  held  as  a  soporific  is  perhaps 
partly  due  to  its  smell,  which  is  suggestive  of  opium. 

In  connection  with  the  use  of  lettuce  as  a  vegetable,  the  fact  that 
it  contains  a  poisonous  alkaloid  is  of  no  great  importance.  It  is  only 
eaten  in  the  earlier  stages  of  its  growth,  before  the  bitter  taste 
noticed  in  the  older  plant  has  developed,  and  while  the  amount  of 
alkaloid,  if  any,  is  extremely  small.  Nevertheless,  there  are  instances 
in  which  the  immoderate  consumption  of  lettuce  has  led  to  serious 
and  even  fatal  results. 

It  is  worthy  of  remark  that  lettuce  belongs  to  the  natural  order 
Gompositne,  and  it  appears  this  is  the  first  occasion  on  which  hyoscy- 
amine,  or  any  alkaloid  belonging  to  that  mydriatic  group,  has  been 
found  in  a  plant  not  belonging  to  the  natural  order  Solanaceoe. 

My  thanks  are  due  to  Professor  Dunstan  for  his  advice  and  help 
during  the  course  of  this  investigation,  to  Messrs.  W.  Ransom  and  Son, 
who  first  drew  my  attention  to  this  subject,  and  to  Messrs.  Wright, 
Layman,  and  Umney  for  furnishing  specimens  and  information. 

Research  Laboratory  of  the  Pharmaceutical  Society, 
London. 


VII. — Action  of  Sulphuric  Acid  on  the  Bromides  of  Potassium,  Sodium, 

and  Hydrogen. 

By  Frank  T.  Addyman,  B.Sc,  Queenwood  College,  Hampshire. 

On  page  1320  of  the  Abstracts,  1891,  is  an  abstract  from  a  paper  on 
the  "  Preparation  of  Hydrobromic  Acid,"  by  Feit  and  Kubierschky. 
Seeing  that  the  method  there  given  is  nearly  identical  with  the  one 
which  has  been  used  by  me,  from  time  to  time,  during  the  last  three 
years,  I  decided  to  publish  at  once  the  results  obtained  so  far  in  this 
research. 
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The  object  in  view  has  been  to  determine  to  what  extent  hydrogen 
bromide  is  oxidised  by  sulphuric  acid  under  varying  conditions  of 
mass  and  dilution.  The  experiments  may,  for  the  sake  of  convenience, 
be  divided  into  two  sets  : — 

I.  Where  concentrated  sulphuric  acid,  in  varying  quantities,  is 
allowed  to  act  on  potassium  bromide. 

II.  Where  the  sulphuric  acid  used  is  dilute. 

The  difference  between  these  two  cases  is  at  once  apparent  when  it 
is  considered  that  in  the  second  case  all  the  products  of  the  reaction 
remain  in  solution,  thus  finding  a  position  of  equilibrium  between  the 
two  reactions  : — - 

2HBr  +  H0SO4  =  2H2O  +  SO2  H-  Bv„ 
and  SO2  +  2H2O  +  Bro  =  H2SO4  +  2HBr. 

In  the  first  case,  on  the  other  hand,  the  gaseous  substances  are 
partially  or  wholly  removed;  so  that  the  sulphuric  acid  acts  much 
more  completely. 

These  two  sets  of  experiments  are  in  no  way  comparable. 

Actio7i  of  Concentrated  Sulphuric  Acid  on  Potassium  Bromide. 

In  order  to  determine  the  quantitative  result  of  this  reaction, 
several  descriptions  of  apparatus  were  used,  which  either  collected 
the  bromine  evolved,  in  tubes  of  amorphous  phosphorus  and  water,  or 
else  collected  all  the  products  in  bulbs  containing  strong  potash.  In 
the  first  case,  the  amount  of  phosphoric  acid  formed  was  determined 
l)y  means  of  magnesia  mixture ;  in  the  second,  the  sulphurous 
anhydride  was  oxidised  by  bromine  and  estimated  as  barium  sulphate. 
The  first  of  these  methods  gave  such  unsatisfactory  results  that  it 
was  soon  discarded,  and  the  results  here  given  were  always  obtained 
by  the  barium  sulphate  method. 

The  apparatus  at  first  used  for  working  this  method  consisted  of  a 
flask  with  a  reflux  condenser  attached,  through  which  the  gases 
might  pass  into  U  -tubes  containing  broken  glass  and  bromine-water. 
The  reason  for  using  a  condenser  was  to  prevent  any  sulphuric  acid 
from  distilling  over.  But  this  was  soon  discarded  as  unnecessary  ; 
because,  in  the  first  place,  it  was  found  that  the  reaction  takes  place 
without  any  evolution  of  heat;  and,  secondly,  because  the  last  traces 
of  bromine  evolved  were  easily  driven  ofi"  by  heating  gently.  In  no 
case  was  the  temperature  raised  above  110°. 

The  set  of  experiments  of  which  the  results  are  now  published  was 
therefore  performed,  for  the  most  part,  in  a  flask  with  a  very  long 
neck,  the  body  being  of  about  200  c.c.  capacity,  and  the  neck  about 
16  inches  in  length.     About  3  inches  from  the  body  of  the  flask  a. 
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f5ide  tube  was  inserted,  whicli  was  bent  up  and  down  into  the  shape 
of  a  W  to  prevent  any  sulphuric  acid  from  being  carried  over 
mechanically.  This  was  connected  with  a  Will  and  Varrentrapp 
bulb  tube,  containing  strong  caustic  potash  solution,  to  collect  all  the 
gaseous  products  of  the  reaction. 

The  potassic  bromide  was  weighed  out  and  placed  in  the  dry  flask, 
then  the  concentrated  sulphuric  acid,  sp.  gr.  1"84,  was  poured,  from  a 
beaker  in  wbicb  it  bad  been  weighed,  down  the  long  neck,  the  beaker 
Avith  the  adhering  acid  being  immediately  and  rapidly  reweighed.  A 
stopper  was  inserted  into  the  top  of  the  neck  of  the  flask  and  the 
reaction  allowed  to  proceed  until  effervescence  stopped.  On  gently 
warming,  the  fumes  came  off  more  rapidly  but  got  lighter  in  colour 
until  at  last  they  became  colourless  :  a  slow  current  of  air  was  then 
aspirated  through  rhe  apparatus.  This  experiment  in  all  cases  where 
11*9  grams  of  potassic  bromide  were  used  occupied  about  35  minutes. 
The  potash  was  removed  to  a  beaker,  and  bromine  added  in  excess, 
then  barium  chloride  was  added  and  the  barium  sulphate  weighed. 

It  has  been  found  most  convenient,  for  comparison's  sake,  to  act 
upon  the  supposition  that  the  whole  of  the  bromine  is  first  liberated 
as  hydrogen  bromide  and  that  some  of  this  is  then  decomposed. 
Reasons  for  believing  this  to  be  true  wdll  be  given  hei-eafter.  The 
results  of  the  experiments  are,  therefore,  expressed  in  terms  of  the 
percentage  of  hydrogen  bromide  which  has  been  decomposed. 


No.  of 
expt. 


Weight  of 
H2SO4  used. 


Weight  of 
KBr  used. 


Approximate 
i  molecular  ratio 

I  H0SO4  to  KBr. 


Weight  of 
BaS04. 


1:1 

1 

2 

1 

1 

1 

I 

'S 

2 

2 

1 

5 

2 

3 

1 

Per  cent,  of 

HBr 
decomposed. 


1# 

2* 

3 

4 

5 

6 


10-0510 

5  -2460 

9-7510 

9 -6050 

14  -8080 

19  -5230 

24  -6140 

28-9360 


11  -9000 
11  -9000 
11-9034 
11  -9062 
11-8996 
11-9000 
11-9000 
11  -9070 


0  -9864 
0-3746 
0 -8500 
0-9682 

1  -8236 
2-3168 
3  1346 
3-6408 


8-55 

3-22 

7-30 

8-31 

15-53 

19  -88 

26-91 

31-30 


If  this  were  represented  in  the  form  of  a  curve  with  the  percentage 
of  HBr  decomposed  for  the  abscissas  and  the  number  of  molecules  of 
H2SO4  to  one  of  KBr  foi'  ordinates,  we  should  get  very  nearly  a 
straight  line,  or,  in  other  words,  the  amount  of  decomposition  is  very 
nearly  proportional  to  the  amount  of  sulphuric  acid  used. 

The  materials  in  Experiment  No.  8  were  as  large  in  amount  as  the 
apparatus  would  hold,  and  as  experiments  with  larger  quantities  gave 

*  Condenser  used. 
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results  varying  with  the  shape  of  the  vessel  employed,  it  was  thought 
that  when  so  large  an  excess  of  sulphuric  acid  was  present  that  the 
water  formed  in  the  reaction  caused  no  sensible  dilution,  the  hydrogen 
bromide  at  first  formed  was  decomposed  in  quantities  varying  with 
the  amount  of  sulphuric  acid  with  which  it  came  in  contact.  Thus  a 
higher  percentage  would  be  decomposed  in  a  deep  than  in  a  shallow 
vessel.     To  test  this,  the  following  experiment  was  devised  : — 

1*4035  grams  of  potassium  bromide  was  passed  up  into  a  graduated 
tube  standing  over  mercury  and  10*6  grams  of  sulphuric  acid  was 
passed  up  after  it  by  means  of  a  graduated  syringe  having  a  long 
curved  end.  The  bromine  formed  was  absorbed  by  the  mercury  to 
form  mercurous  bromide,  which  was  not  acted  upon  by  the  sulphuric 
acid.  This  was  allowed  to  stand  for  a  week,  shaking  every  day,  and 
then  the  gas  was  transferred  to  a  tube  having  a  stopcock  above  and 
thence  bubbled  through  silver  nitrate  slightly  acidified  with  nitric 
acid.  Only  the  faintest  trace  of  a  precipitate  was  given,  showing 
that  the  hydrogen  bromide  had  been  entirely  decomposed. 

This  experiment  was  performed  in  a  graduated  tube  with  the  inten- 
tion of  measuring  the  gases,  but  the  absorption  of  sulphurous  anhydr- 
ide by  sulphuric  acid  is  so  great  that  this  was  found  to  be  useless ; 
it  was  therefore  repeated  several  times  in  a  plain  tube  with  a  stop- 
cock. In  one  case  it  gave  no  trace  whatever  of  hydrogen,  bromide, 
in  two  others  very  small  traces. 

Action  of  Dilute  Sulphurio  Acid  oil  the  Bromides  of  Hydrogerit  Sodium^ 
and  Potassium.      Frejparation  of  Pure  Hydrohromic  Acid. 

MetJiod  1. — Barium  carbonate  was  dissolved  in  crude  hydrobromie 
acid,  the  solution  evaporated  to  dryness,  and  the  barium  bromide 
extracted  with  hot  alcohol,  from  which,  after  filtering,  it  was  allowed 
to  crystallise  out.  From  these  crystals  of  pure  barium  bromide,  pure 
bromine  was  obtained.  This  was  effected  by  distilling  it  with 
manganese  peroxide  and  strong  sulphuric  acid,  in  a  retort  which  had 
been  fused  on  to  a  condenser  so  as  to  avoid  india-rubber  joints. 

This  pure  bromine,  after  washing  and  redistillation,  was  converted 
into  hydrobromie  acid  by  means  of  amorphous  phosphorus  and  water 
in  the  ordinary  way. 

Method  2. — A  saturated  solution  of  barium  bromide  in  water  was 
prepared  as  in  the  last  method,  and  60  per  cent,  sulphuric  acid 
(sp.  gr.  =  1*50)  added  in  quantity  not  quite  sufficient  to  precipitate 
all  the  barium.  The  precipitate  of  barium  sulphate  was  allowed  to 
subside,  the  liquid  decanted  off,  and  then  distilled.  The  first  portion 
of  the  distillate  was  rejected  as  containing  scarcely  any  acid.  The 
distillation  is  conducted  with  a  thermometer  in  the  vapour ;  at  first 
very  dilute  acid  comes  over.     When,  the  thermometer  being  a  little 
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over  100°,  the  temperature  begins  to  rise,  as  it  does  rather  rapidly- 
after  a  time,  the  distillate  may  be  collected.  At  122°,  acid  comes  over 
containing  47  per  cent.  HBr. 

Method  3. — This  is  very  similar  to  that  of  Feit  and  Kubierschky, 
mentioned  at  the  beginning  of  this  paper.  Potassium  bromide  (which 
has  been  heated  with  bromine  to  remove  iodine,  and  recrystallised) 
is  dissolved  in  the  requisite  quantity  of  30  per  cent,  sulphuric  acid 
(sp.  gr.  =  1*22)  calculated  according  to  the  equation 

H2SO4  +  KBr  =  KHSO4  +  HBr. 

To  effect  this,  it  was  necessary  to  heat  nearly  to  boiling.  On 
allowing  the  solution  to  cool  in  an  open  dish,  potassium  hydrogen 
sulphate  crystallised  out,  together  with  a  certain  amount  of  unaltered 
potassium  bromide,  which  is  much  less  soluble  in  hydrobromic  acid 
than  in  water.  The  liquid  was  poured  off  into  a  retort,  and  distilled 
to  about  one-third  of  its  bulk,  when  it  began  to  turn  yellow.  This 
yellow  liquid  was  next  mixed  with  half  its  bulk  of  water,  and  returned 
whilst  warm  to  the  dish  containing  the  crystals,  and,  after  cooling, 
was  again  poured  off  and  distilled  until  the  distillate  began  to  be 
yellow. 

The  acid  thus  prepared  always  contained  traces  of  sulphuric  acid, 
partly  carried  over  mechanically,  and  partly  formed  by  the  passing 
over  together  of  bromine  and  sulphurous  anhydride.  This  sulphuric 
acid  was  precipitated  by  pure  barium  bromide,  and  the  liquid  re- 
distilled. When  strong  acid  was  required,  the  portion  boiling  at  122° 
was  collected ;   this  contained  about  47  per  cent.  HBr. 

It  will  be  found,  on  referring  to  Experiments  12,  49,  77,  and  89, 
that  30  per  cent,  sulphuric  acid  has  no  action  upon  hydrogen  bromide, 
whereas  40  per  cent,  acid,  as  used  by  Feit  and  Kubierschky,  has  some 
slight  action  (Experiments  16,  54,  80,  81,  93,  94).  This  was  my 
reason  for  using  the  more  dilute  acid.  But  as,  in  all  cases,  redistilla- 
tion was  necessary,  the  40  per  cent,  sulphuric  acid  would  be  just  as 
good. 

Method  of  Experiment. — A  solution  of  hydrogen  bromide,  or  of  potas- 
sium or  sodium  bromide,  was  made  up  to  a  certain  strength,  varying 
in  different  experiments.  5  c.c.  of  this  was  measured  out  into  a  tube, 
concentrated  sulphuric  acid  added  in  varying  quantities  from  a  tap- 
burette,  and  sometimes  also  water,  and  the  whole  mass  gradually  mixed 
with  a  glass  stirrer.  An  exactly  similar  tube  was  then  filled  up  to 
the  sa,me  level  with  water,  and  freshly  prepared  dilute  bromine- water 
(free  from  iodine  or  chlorine)  added,  until  the  intensity  of  colour  in 
the  two  tubes  was  the  same.  Potassium  iodide  was  then  added  in 
excess  to  this  aqueous  solution,  and  centi-normal  sodic  thiosulphate 
run  in  until  the  colour  disappeared  j    the  end  of  the  reaction  being 
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shown  more  clearly  by  adding  a  little  starcli-paste  when  the  solution 
was  nearly  colourless.  In  this  way  the  amount  of  bromine  formed 
was  determined.  In  these  experiments,  the  highest  results  were 
obtained  when  the  mixture  had  stood  for  about  12  hours,  after  which 
it  slowly  decreased,  either  from  the  absorption  of  water  or  from  the 
evaporation  of  bromine. 

Experiments  with  Hydrogen  Bromide  Solution. 
5  c.c.  HBr  solution  contains  0"81  gram  HBr. 


No.  of 
experi- 
ment. 

Yolume 
of  HBr 
solution. 

Volume 
of  H2SO4, 
98  percent 

N 

100 

Na^SsOg 

required. 

Br 

liberated. 

Per  cent, 
of  HBr  de- 
composed. 

Per  cent,  of 
H2SO4  in 

solution 
(calculated) . 

c.c. 

c.c. 

9 

5 

0-3 

— 

__ 





10 

)) 

0-5 

— 







11 

» 

0-7 

— 

— 

, 

20-79 

12 

>) 

1-0 

— 

trace 

— 

27-27 

13 

>j 

1-2 

0-2 

0-00016 

0-04 

31-03 

14 

>» 

1-4 

0-2 

0-00016 

0-04 

34-43 

15 

>> 

1-6 

0-2 

0  -00016 

0-04 

37-50 

16 

)) 

1-8 

0-3 

0  -00024 

0-06 

40-30 

17 

»> 

2-0 

0-3 

0-00024 

0-06 

42-86 

18 

j> 

2-2 

0-4 

0  -00032 

0-08 

45-20 

19 

'» 

2-4 

0-4 

0  -00032 

0-08 

47-37 

20 

>» 

2-6 

0-5 

0  -00040 

0-10 

49-37 

21 

» 

2-8 

0-6 

0  '00048 

0-12 

•  51-22 

22 

3-0 

0-8 

0  -00064 

0-16 

52  -94 

23 

}) 

3-2 

1-2 

0  -00096 

0-24 

54-55 

24> 

)> 

3-4 

1-2 

0  -00096 

0-24 

56-04 

25 

» 

3-6 

1-8 

0  -00144 

0-36 

67-45 

26 

5J 

3-8 

2-1 

0  -00168 

0-42 

58-76 

27 

>» 

4-0 

2-7 

0  -00216 

0-54 

60-00 

28 

J> 

4-2 

2-8 

0 -00234 

0-56 

61-17 

29 

4-4 

2-7 

0 -00216 

0-54 

62-26 

30 

>J 

4-6 

— 

— 

.•< — 

63-30 

31 

J> 

4-8 

2-8 

0 -00224 

0-56 

64-29 

32 

J, 

5-0 

2-7 

0  -00216 

0-54 

65-22 

33 

» 

5-2 

2-8 

0  -00224 

0-56 

66-10 

34 

5> 

6-4 

2-9 

0 -00232 

0-58       , 

66-94 

35 

)) 

5-6 

2-9 

0  00232 

0  -58 

67-74 

36 

J> 

5-8 

3-0 

0  -00240 

0-60 

68-50 

37 

>» 

6  0 

2-9 

0-00232 

0-58       , 

69-23 

38 

„ 

6-2 

2-9 

0  -00232 

0-58       i 

69-92 

39 

>> 

6-4 

2-9 

0  -00232 

0-58       ! 

70-59 

40 

» 

6-6 

2-8 

0  -00224 

0-56       j 

71-22 

41 

J» 

6-8 

2-8 

0 -00224 

0  -56       j 

71-83 

42 

>> 

7-0 

2-9 

0-00232 

0-58       1 

72  -41 

43 

>J 

7-2 

3-0 

0-00240 

0-60       1 

72-97 

44 

» 

7-4 

30 

0 -00240 

0-60       1 

73-51 

45 

)> 

7-6 

31 

0-00248 

0  -62       ! 

74-02 

46 

J> 

7-8 

3-2 

0  -00:?  56 

0  -64       ! 

74-52 

47 

" 

8-0 

3.2 

0  00256 

0-64 

75-00 

100 
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In  using  this  method,  the  greatest  possible  care  had  to  be  taken 
that  no  trace  of  iodine  might  get  into  the  bromide.  For  this  reason, 
many  of  the  earlier  experiments,  performed  with  commercially  pure 
sodium  bromide  (giving  no  coloration  with  chlorine-water  and  starch- 
paste),  were  entirely  spoiled.  If  iodine  be  present  in  the  slightest 
traces,  as  it  was  in  the  experiments  here  referred  to,  the  colour  of  the 
solution  when  mixed  with  sulphuric  acid  was  slightly  redder  than 
that  of  the  bromine-water,  and  it  was  quite  impossible  to  get  trust- 
worthy results,  all  the  results  being  far  too  high.  This  slight  differ- 
ence in  colour  was  used  in  the  later  experiments  as  a  most  delicate 
test  for  iodine. 


Experiments  with  stronger  Hydrogen  Bromide  Solution. 
5  CO.  of  solution  contains  1'62  grams  HBr. 


No.  of 

Volume 

Volume 

Na^SaOs. 

Br 

Per  cent. 

of  HBr 

decomposed. 

Per  cent. 

experi- 
ment. 

of  HBr. 

of  H2SO4. 

liberated. 

of  H2SO4.* 

48 

e.c. 
5 

0-5 

_ 

49 

If 

0-9 

— 

— 

— 

— 

50 

f) 

1-0 

0-3 

0-00024 

0-027 

27-27 

51 

1-2 

0-6 

0-00048 

0-054 

31-03 

52 

1-4 

0-7 

0  -00056 

0-062 

34-43 

63 

)f 

1-6 

1-1 

0  -00088 

0-097 

37-50 

54 

•     >* 

1-8 

1-2 

0  -00096 

0-106 

40-30 

65 

2-0 

1-3 

0  -00104 

0-115 

42-86 

66 

2-2 

1-4 

0-00112 

0-125 

45-20 

57 

2-4 

1-5 

0  -00120 

0-133 

47-37 

58 

2-6 

1-6 

0-00128 

0-142 

49-37 

59 

2-8 

1-7 

0  -00136 

0-151 

51-22 

60 

3-0 

1-8 

0  -00144 

0-160 

52  -94 

61 

3-2 

2-0 

0  -00160 

0-177 

54-55 

62 

3-4 

2  0 

0  -00160 

0-177 

56  -04 

63 

3-6 

2-2 

0  -00176 

0-195 

57-45 

64 

3-8 

2-3 

0  -00184 

0-207 

58-76 

65 

4-0 

3-6 

0-00288 

0-323 

60-00 

66 

4-2 

5-2 

0-00416 

0-467 

61-17 

67 

4-4 

4-9 

0  -00392 

0-440 

62-26 

68 

4-6 

6-4 

0  -00432 

0-485 

63-30 

69 

f) 

4-8 

5-5 

0  -00440 

0-494 

64-29 

70 

ft 

5  0 

6-3 

0  -00504 

0-566 

65-22 

71 

5-2 

6-0 

0  -00480 

0-539 

66-10 

72 

5-4 

6  1 

0  -00488 

0-548 

66-94 

78 

tt 

5-6 

7-0 

0  -00560 

0-628 

67-74 

74 

5-8 

9-3 

0-00744 

0-835 

68-50 

75 

ji 

6-0 

10-8 

0 -00864 

1-212 

69-23 

♦  The  percentages  of  sulphuric  acid  are  not  calculated  out  anew  for  the  slight 
difference  made  by  the  stronger  hydrobromic  acid,  and  hence  are  only  approximate 
in  this  table. 
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Experiments  with  Potassium  Bromide. 
5  c.c.  of  solution  contains  1'19  grams  KBr. 


No.  of 
experi- 
ment. 

Yolume 
of  KBr 
solution. 

Volume 
of  H2SO4. 

NazSgOg 
required. 

Br 

liberated. 

Per  cent. 

of  HBr 

decomposed. 

Per  cent. 

of  H2SO4 

in  solution. 

c.c. 

c.c. 

76 

5 

1-0 

— 

— 

— 

— 

77 

1-2 

— 

trace 

— 

— 

78 

>» 

1-4 

— 

trace 

— 

— 

79 

if 

1-6 

0-3 

0 -00024 

0-03 

— 

80 

55 

1-8 

0-4 

0  -00032 

0-04 

81 

2-0 

0-4 

0-00032 

0-04 

— 

82 

2-0 

0-6 

0  -00048 

0-06 

— 

83 

2-4 

10 

0-00080 

0-10 

— 

84 

5) 

2-6 

1-2 

0  -00096 

0-12 



85 

)5 

2-8 

# 

— 

— 



86 

„ 

3-0 

# 

— 

— 

Experiments  ivith  Sodium  Bro^nide. 
5  c.c.  o£  solution  contains  I'OS  grams  NaBr. 


No  of 

Volume 

Volume 

Br 

Per  cent. 

Per  cent. 

experi- 

of NaBr 

of 

Na^SsOa. 

of  HBr 

of  H2SO4 

ment. 

solution. 

H2SO4. 

decomposed. 

in  solution. 

c.c. 

c.c. 

87 

5 

0-5 

— 

— 

— 

— 

88 

0-7 

— 

— 

— 

— 

89 

1-0 

— 

— 

— 

26-90 

90 

„ 

1-2 

— 

trace 

— 

30-63 

91 

55 

1-4 

— 

trace 



34-00 

92 

J5 

1-6 

0-3 

0-00024 

0-03 

36-27 

93 

1-8 

0-3 

0  00024 

0-03 

39-85 

94 

J, 

2-0 

0-4 

0  -00032 

0-04 

42-40 

95 

,, 

2-2 

0-5 

0-00040 

0-05 

44-74 

96 

,, 

2-4 

0-6 

0  -00048 

0-06 

46-90 

97 

5} 

2-6 

1-0 

0-00080 

0-10 

48-32 

98 

2-8 

1-7 

0  -00136 

0-17 

50-70   • 

99 

55 

3-0 

3-1 

0  -00248 

0-31 

52-47 

100 

55 

3-2 

3-2 

0  -00256 

0-32 

54-08 

*  In  these  two,  crystals  of  potassium  hydrogen  sulphate  began  to  form  as  soon 
as  the  solution  cooled  ;  this  spoilt  the  experiment. 
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ACTION   OF   SULPHURIC   ACID   ON    BROMIDES. 


Experiments  with  Similar  Proportions  of  Sulpliurio  Acid  and  Sodium 
Bromide  variously  diluted. 

Each  experiment  is  with  5  c.c.  sodium  bromide  solution  containing 
.1*03  grams  NaBr. 


No.  of 

Yohime 

Volume 

1 

Br 

liberated. 

Per  cent. 

Per  cent. 

experi- 

of 

of 

NasSPa. 

of  Br 

of  H2SO4 

ment. 

H2SO4. 

H2O. 

decomposed. 

in  solution. 

c.c. 

c.c. 

101 

3-7 

— 

2-7 

0  -00216 

0-27 

59-01 

102 

^j 

0-2 

2-1 

0 -00168 

0-21 

58-00 

103 

0-4 

2-0 

0  -00160 

0-20 

57-03 

104 

", 

0-6 

1-7 

0  -00136 

0-17 

56-09 

105 

jj 

0-8 

1-3 

0  -00104 

0-13 

55-17 

106 

1-0 

11 

0  -00088 

0-11 

54-20 

107 

1-2 

1-0 

0  -00080 

0-10 

53-45 

108 

j> 

1-4 

1-1 

0  -00088 

0-11 

52-62 

109 

1-6 

0-9 

0  -00072 

0-09 

51-82 

110 

3J 

1-8 

0-7 

0  -00056 

0-07 

51-04 

111 

;) 

2-0 

0-6 

0  -00048 

0-06 

50-29 

112 

2-2 

0-6 

0  -00048 

0-06 

49-56 

313 

l'-84 

— 

0-3 

0  -00024 

0-03 

41-72 

114 

0-2 

0-3 

0-00024 

0-03 

40-71 

115 

0-4 

0-2 

0  -00016 

0-02 

39-76 

116 

0-6 

0-3 

0  -00024 

0-03 

38-84 

117 

0-8 

0-2 

0-00016 

0  02 

37-97 

118 

1-0 

0-2 

0  -00016 

0  02 

37-14 

119 

1-2 

0-2 

0  -00016 

0-02 

1       36  -34 

120 

5''5 

— 

crystals 

of  NaHS04 

formed. 

i       68-13 

121 

0-2 

j> 

)> 

5> 

1       67  -24 

122 

0-4 

4-2 

0-00336 

0-42 

QQ  -36 

123 

0-6 

3-8 

0  -00304 

0-38 

i       65-50 

124 

0-8 

3-5 

0  -00280 

0-35 

64-66 

125 

10 

3-3 

0  -00264 

0-33 

!       63  -85 

126 

1-2 

3  0 

0  -00240 

0-30 

63  -05 

127 

1-4 

2-6 

0  -00208 

0-26 

!       62  -26 

128 

1-6 

2-5 

0-00200 

0-25 

;       61  -52 

129 

1-8 

2-4 

0-00192 

0-24 

'       60  -77 

130 

2-0 

2-1 

0  -00168 

0-21 

{       60  -06 

131 

2-2 

1-9 

0-00152 

0-19 

1       59-35 

132 

2-4 

1-9 

0  -00152 

0-19 

i       58  -67 

133 

2-6 

1-7 

0  -00136 

0-17 

1       57  -99 

134 

2-8 

1-6 

0-00128 

0-16 

,       57-34 

135 

3-0 

i-5 

0-00120 

0-15 

I       56  -68 

136 

3-2 

1-5 

0-00120 

0-15 

1       56-07 

137 

3-4 

1-3 

0-00104 

0  13 

'       55  -45 

138 

3-6 

1-0 

0  -00080 

0-10 

54  -85 

139 

3-8 

0-8 

0  -00064 

0-08 

54-26 

1 

In  most  of  these  experiments  the  sulphuric  acid  was  in  excess. 
With  more  concentrated  hydrogen  bromide  solutions,  a  modification 
of  this  process  must  be  used. 

Experiments  upon  the  action  of  sulphuric  acid  upon  hydrogen 
bromide  when  the  latter  is  in  excess  are  now  in  progress. 
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YIII. — On   the   cc-   and   ^-Modifications   of    Monochlorohenzene   Hexa- 

cMoride. 

By  F.  E.  Matthews,  Ph.D. 

The  existence  of  two  isomeric  modifications  of  benzene  hexa- 
chloride  having  been  definitely  established  (Trans.,  1891,  59,  167),  it 
became  of  interest  to  see  whether  any  benzene  derivatives  were 
capable  of  yielding  isomeric  modifications  of  the  same  character. 
The  first  substance  selected  for  investigation  was  monochlorohenzene, 
but  although  two  isomeric  hexachlorides  (heptachlorhexamethylenes), 
corresponding  to  the  a-  and  /3-benzene  hexachlorides,  have  been 
isolated  and  identified,  yet  little  fresh  evidence  has  been  furnished  by 
them  as  to  the  constitution  of  these  two  types  of  substances. 

It  was  shown  in  my  previous  paper  that  the  benzene  hexachlorides 
do  not  seem  to  admit  of  direct  chlorination,  and  therefor-e,  apparently, 
the  only  method  of  producing  this  class  of  substances  is  by  the  direct 
addition  of  chlorine  to  chlorine  substitution  products  of  benzene. 

The  monochlorohenzene  used  was  obtained  from  Kahlbaum,  and 
had  evidently  been  prepared  by  the  chlorination  of  benzene  in  the 
presence  of  iodine,  as  after  being  exposed  to  light  for  some  time  it 
became  pink,  owing  to  the  separation  of  iodine.  The  presence  of 
this  small  amount  of  iodine  did  not  prevent  the  direct  addition  of 
6  atoms  of  chlorine,  but  it  probably  facilitated  the  formation  of 
substitution  compounds  and,  as  a  matter  of  fact,  a  considerable 
amount  of  the  substance  was  always  converted  into  a  heavy,  oily,  non- 
crystalline product;  this,  owing  to  the  methods  of  purifying  the 
hexachlorides  adopted,  was  not  preserved ;  in  examining  the  action 
of  bromine  on  the  chlorobenzene  under  conditions  similar  to  those 
in  which  benzene  hexabromide  is  produced,  no  addition  product  was 
•obtained,  but  parachlorobromobenzene  was  produced  apparently  free 
from  other  bromine  compounds.*  It  seems  probable  that  a  better 
yield  of  the  hexachlorides  would  have  been  obtained  if  no  iodine  had 
been  present ;  and  as  benzene  hexabromide  takes  much  longer  to  form 
than  the  corresponding  chloride,  in  the  action  of  bromine  on  chloro- 
benzene, the  iodine  completely  prevented  the  formation  of  the  hexa- 
bromide. 


*  The  presence  of  iodine  in  tlie  chlorobenzene  was  not  observed  till  this  work 
was  considerably  advanced,  and  as  the  hexachlorides  could  be  produced  in  spite  of 
the  iodine,  it  did  not  seem  worth  while  to  recommence  the  work  with  a  compound 
free  from  iodine. 
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Action  of  Chlorine  in  presence  of  Sodium  Hydrate  on  Monochlorohenzene. 

Some  monochlorobenzene  was  placed  in  a  flask,  and  covered  with  a 
dilute  solution  (1 — 2  per  cent.)  of  sodium  hydrate.  A  rapid  stream 
of  chlorine  was  passed  into  the  mixture,  and,  for  a  considerable  time, 
the  whole  of  the  chlorine  was  absorbed  with  the  evolution  of  a  con- 
siderable amount  of  heat.  The  under  layer  of  chlorobenzene  became 
bright-yellow,  and  could  no  longer  be  made  to  absorb  any  more 
chlorine.  The  flask  was  then  placed  outside  the  laboratory,  and  after 
some  time  the  oily  layer  at  the  bottom  became  colourless,  but  without 
the  deposition  of  any  solid  matter.  It  was  noticed  that  the  decolorisa- 
tion  of  the  chlorobenzene  was  greatly  accelerated  by  exposure  to 
direct  sunlight,  although  heat  alone  did  not  appear  to  have  any  effect 
on  the  rapidity  with  which  the  action  proceeded.  The  chlorobenzene 
had  to  be  saturated  with  chlorine  two  or  three  times,  and  allowed  to 
decolorise  between  each  saturation,  before  any  signs  of  crystallisa- 
tion were  apparent ;  sometimes  hard  crystals  were  obtained,  which 
could  be  readily  separated  from  the  oily  substance,  whilst  at  other 
times  the  whole  layer  was  transformed  into  a  semi-solid,  buttery  mass 
from  which  the  crystalline  portion  could  be  separated  only  with 
great  difficulty.  It  was  found  that  the  best  result  was  obtained  when 
a  considerable  amount  (150 — 200  grams)  of  chlorobenzene  was  acted 
on  at  once,  and  also  that  the  crystals  which  were  first  deposited  were 
harder  and  more  readily  purified  than  those  obtained  by  the  subse- 
quent treatment  of  the  separated  oily  portions. 

The  harder  crystals  could  be  readily  separated  from  the  oily 
matter  by  simple  decantation,  or  filtration  through  coarse  muslin  ; 
to  obtain  a  solid  from  the  buttery  mass  was  a  matter  of  considerable 
difficulty.  Filtration  through  muslin  removed  a  small  amount  of  the 
oil,  and  heavy  pressure  between  filter-paper  continued  for  24  hours 
got  rid  of  a  further  portion,  but  better  results  were  obtained  by 
treating  the  mass,  after  pressure  between  filter-paper,  with  boiling 
light  petroleum,  by  which  the  greater  part  of  the  oil  could  be 
removed  with  a  very  small  loss  of  solid  substance.  When  the  crude 
mass  was  nearly  free  from  oil,  it  did  not  fuse  under  boiling  water, 
whilst  the  presence  of  a  rather  large  amount  of  the  oil  caused  it  to 
melt  rapidly  under  these  conditions. 

A  chlorine  determination  was  made  on  the  crude  substance  after 
the  greater  part  of  the  oily  matter  had  been  removed  as  above. 

0*2556  gram  of  substance  burnt  with  ignited  Iceland  spar  gave 
0-7764  gram  AgCl. 

Theory  for 
CsHaCl;.  Found. 

CI 76'34!  per  cent.  75*15  per  cent. 
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This  analysis  showed  that  the  crude  substance  must  be  a  hexa- 
chloride  of  chlorobenzene. 


Sejparation  of  oc~  and  ^-Monoclilorohenzene  HexacJilorides. 

On  determining  the  melting  point  of  the  crude  CeHsCl?  obtained 
from  various  preparations,  it  was  found  to  melt  anywhere  between 
70°  and  140°,  according  to  the  amount  of  oily  matter  which  had 
been  removed  from  it.  In  all  cases,  however,  a  small  residue 
remained  unmelted,  but  this  more  infusible  substance  appeared  much 
less  than  in  the  case  of  the  corresponding  benzene  compound. 

Fractional  crystallisation  was  first  tried  for  the  separation  of  the 
substances,  but  good  results  could  not  be  obtained  by  the  use  of  any 
solvent,  although  the  substance  of  higher  melting  point  was  always 
contained  in  greater  proportion  in  the  crystals  first  deposited.  In  one 
experiment,  about  100  grams  of  crude  CeHsCl?  was  treated  with  cold 
absolute  alcohol.  A  residue  of  less  than  O'l  gram  was  finally  obtained 
which  showed  no  signs  of  melting  at  210°.  This  was  probably  the 
/S-compound  in  a  state  of  approximate  purity.  Undoubtedly  by 
means  of  a  large  number  of  fractional  crystallisations  from  either 
alcohol,  benzene,  or  light  petroleum,  a  separation  could  be  effected, 
but  the  process  was  abandoned  as  being  unsatisfactory. 

The  process  used  by  Meunier  for  the  separation  of  a-  and  )3- benzene 
hexachlorides  was  next  tried,  that  is,  to  boil  the  crude  product  with 
alcoholic  potassium  cyanide  for  30  hours,  which,  in  the  case  of  the 
benzene  hexachlorides,  only  decomposes  the  a-compound.  In  the 
present  case,  this  method  of  separation  cannot  be  used,  as  although 
40  grams  of  crude  C6H5CI7  were  taken  for  the  experiment,  no  trace  of 
the  /3-compound  could  be  detected  amongst  the  products  of  the 
reaction.  The  compounds  CeHsCl;,  which  must  contain  2  atoms  of 
chlorine  combined  with  the  same  atom  of  carbon,  are  not  as  stable  as 
the  corresponding  compounds  CeHgCle. 

Separation  by  steam-distillation  was  at  last  tried.  This  was  found 
to  answer  better,  but  the  process  was  very  slow,  as  only  about  1  gram 
per  hour  of  substance  came  over  and  condensed  in  the  receiver,  and 
further  the  steam- distilled  substance  was  not  quite  free  from  the 
y3-compound.  If  100  grams  of  the  mixed  substances  be  distilled  with 
steam  until  only  1 — 2  grams  of  residue  are  left  in  the  flask,  the 
residue  on  recrystallisation  is  found  to  be  the  pure  ^-compound. 
The  a-compound  was  obtained  pure  by  recrystallising  the  steam- 
distillate  several  times  from  alcohol,  benzene  or  light  petroleum,  and 
rejecting  the  first  crop  obtained  by  each  recrystallisation. 

A  chlorine  determination  made  with  the  a-chlorobenzene  hexa- 
chloride  purified  as  above  gave  the  following  result : — 
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0"2300  gram  of  substance,  burnt  with  ignited  Iceland  spar,  gave 
0-7081  gram  AgCl. 

Theory  for 

CfiHsCl;.  Found. 

CI. ...... .      76*34  per  cent.  76'16  per  cent.    '?Miaon~] 

A  molecular  weigbt  determination  by  Raoult's  method  gave  results 
as  follows : — 

Substance  taken 0*2041  gram. 

Benzene  solution   17*2096  grams. 

Depression  of  freezing  point. .      0*18°. 

Theory  for 
CgHsCly.  Found. 

Molecular  weight 325*5  323 

a-Monochlorobenzene  hexachloride  is  a  colourless,  crystalline 
substance,  which,  when  cold,  possesses  a  not  very  strong  but  most 
persistent  musty  odour ;  when  heated,  its  smell  closely  resembles  that 
of  a-benzene  hexachloride.  It  is  insoluble  in  water,  but  is  moderately 
soluble  in  all  the  ordinary  organic  solvents,  and  especially  so  in 
benzene ;  it  crystallises  well  from,  most  of  them,  except  acetic  acid, 
from  which  it  is  frequently  deposited  in  the  form  of  an  oil.  It 
melts,  when  pure,  at  about  146°,  but  when  mixed  with  more  or  less 
of  the  ^-substance,  that  is,  in  some  of  the  first  crops  obtained  during 
its  purification,  the  melting  point  may  be  as  high  as  160°.  On  care- 
fully raising  the  temperature,  the  substance  may  be  sublimed  without 
decomposition,  but  if  the  heat  be  suddenly  applied,  it  is  largely 
broken  up  into  CeHoCli  [1:3:4:5]  and  hydrogen  chloride. 

On  warming  the  substance,  for  a  few  minutes,  to  about  60°,  with 
an  alcoholic  solution  of  either  potassium  or  sodium  hydrate,  it  is 
decomposed  quantitatively  according  to  the  following  equation : — 

CeHsCl;  +  3K0H  =  CeHaCU  +  3KC1  +  30Ho. 

This  was  proved  by  the  following  experiment : — 

0*4677  gram  of  pure  substance  was  dissolved  in  90  per  cent, 
alcohol,  an  excess  of  sodium  hydrate,  prepared  from  sodium,  was 
added,  and  the  mixture  gently  warmed  for  a  few  minutes.  Water 
was  then  added  to  the  mixture,  and  the  precipitated  tetrachloro- 
benzene  filtered  off,  and  thoroughly  washed.  The  filtrate  was 
then  titrated  with  decinormal  silver  nitrate  solution  (1  c.c.  =0*00352 
gram  CI)  and  43*6  c.c.  of  the  standard  solution  was  required  to  pre- 
cipitate the  chlorine. 

Calculated.  Found. 

Chlorine  in  solution. .      0*1537  gram.  0*1535  gram. 
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On  long-continued  boiling  of  an  alcoholic  solution  of  a-CeHaCl? 
with  zinc  dust,  six  atoms  of  chlorine  are  removed  with  the  reproduc- 
tion of  monochlorobenzene.  The  reaction  will  probably  be  of  im- 
portance in  determining  the  constitution  of  substances  of  this  class. 

a-Monochlorobenzene  hexachloride  is  not  acted  on  by  strong  sul- 
phuric acid,  and  does  not  yield  a  nitro-compound  with  fuming  nitric 
acid ;  up  to  the  present,  I  have  been  unable  to  chlorinate  it  further. 

y3-Monochlorobenzene  hexachloride  has  been  previously  obtained  by 
Otto  {Annalen,  141,  101)  by  the  action  of  chlorine  upon  sulphobenzide 
in  sunlight.  By  the  action  of  chlorine  in  presence  of  sodium  hydrate 
upon  monochlorobenzene,  it  is  only  produced  in  very  small  quantity. 

The  composition  was  determined  by  the  following  analysis  : — 

01 728  gram  of  substance,  burnt  with  ignited  Iceland  spar,  gave 
0-5387  gram  AgCl. 

Theory  for 
C6H5CI7.  Found. 

CI 76-34  per  cent.  77*12  per  cent. 

A  molecular  weight  determination  was  made  by  Raoult's  metljod, 
but  although  the  result  came  out  satisfactorily,  yet  the  very  slight 
depression  of  the  freezing  point  renders  the  experiment  somewhat 
untrustworthy,  and,  but  for  the  close  analogy  with  benzene  hexa* 
chloride,  could  not  by  itself  be  depended  upon. 

Weight  of  substance  taken  . ,        0-0833  gram. 

Weight  of  benzene 17-7736  grams. 

Depression  of  freezing  point. .      0-07°. 

Theory  for 
CgHjCly.  Found. 

Molecular  weight 325-5  328 

y3-Monochlorobenzene  hexachloride  crystallises  from  alcohol  in 
small,  but  exceedingly  lustrous  crystals,  which,  in  appearance,  closely 
resemble  /3-benzene  hexachloride.  It  is  only  slightly  soluble  in  the 
ordinary  organic  solvents,  so  much  so,  that  its  molecular  weight  was 
only  determined  with  difficulty  in  benzene  solution,  and  could  not  be 
determined  at  all  in  acetic  acid.  It  melts  at  about  260°  (Otto,  loc. 
cit.j  255 — 257),  and  can  be  sublimed  undecomposed  if  carefully 
heated ;  on  being  more  strongly  heated,  it  evolves  hydrogen  chloride. 

On  heating  with  alcoholic  potash  for  some  time,  it  yields  the  same 
tetrachlorobenzene  [1:3:4:5]  as  the  a-substance.  It  is  more  stable 
towards  alkalis  than  the  corresponding  a-compound,  but  is  much 
more  easily  acted  upon  by  them  than  iS-benzene  hexachloride.     On 


M.  p. 

M.  p. 

157° 

^.  about  300°. 

146° 

/3-   „  260° 
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acconnt  of  the  small  amount  of  pure  material  obtained,  the  substance 
could  not  be  further  investigated. 

It  is  interesting  to  notice  that  the  displacement  of  one  more  atom 
of  hydrogen  by  chlorine  in  a-  and  )3-benzene  hexachlorides  lowers  the 
melting  point  in  both  cases. 


CeHeCle ^- 

CeHsCl, oc. 


Action  of  Alcoholic  Potassium  Cyanide  on  a-CeHeCle  and  on   a-    and 
/S-CeHsCl?  (Meunier's  Method  of  separating  yS-  from  a- CeHeCle). 

In  the  last  paper,  in  describing  the  action  of  alcoholic  potas- 
sium cyanide  upon  a-benzene  hexachloride,  the  main  reaction 
had  not  been  discovered.  The  decomposition  of  crude  monochloro- 
benzene  hexachloride  by  alcoholic  potassium  cyanide  has  furnished 
the  clue  to  the  chief  reaction  which  takes  place.  40  grams  of  the 
crude  hexachloride  were  boiled  with  a  slight  excess  of  alcoholic 
potassium  cyanide  for  30  hours.  During  the  reaction,  a  small  quan- 
titj^  of  ammonium  cyanide  was  deposited  in  the  condenser.  On 
distilling  off  the  alcohol  and  water  from  the  products  of  the  reaction, 
a  considerable  amount  of  a  pinkish  solid  substance  collected  in  the 
condenser.  On  adding  more  water  to  the  flask,  and  continuing  the 
distillation,  a  further  quantity  of  the  same  solid  was  deposited,  in  all 
about  16  grams.  This  deposit  was  recrystallised  from  alcohol,  and 
was  then  at  once  recognised  by  its  characteristic  crystals,  and  also  by 
its  melting  point  and  odour,  as  [1  :  3  :  4  :  5]  tetrachlorobenzene. 

On  repeating  the  reaction  with  a-benzene  hexachloride,  a  consider- 
able yield  of  [1  :  2  :  4]  CeHgCla  was  obtained  ;*  it  had  been  previously 
overlooked  on  account  of  its  not  crystallising  at  the  ordinary  tem- 
perature, from  its  extreme  solubility  in  alcohol  and  the  admixture  of 
a  considerable  amount  of  a  black,  tarry  matter. 

The  chief  action  of  alcoholic  potassium  cyanide  upon  a-benzene 
hexachloride,  &c.,  is  expressed  by  the  following  equation  : — 

,  CeHeCle  +  3KCI^  =  C6H3CI3  +  3KC1  +  3HCN: 

that  is,  that  the  potassium  cyanide  chiefly  plays  the  part  of  a  very 
weak  alkali. 


*  Since  this  paper  was  written,  Dr.  H.  G-.  Colman  has  informed  me  that 
o-benzene  hexachloride  is  almost  quantitatively  decomposed  into  unsymmetrical 
trichlorobenzene  by  alcoholic  potassium  acetate  at  130°. 
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Unsymmetrical  Tetrachlorobenzene  [1:3:4:5]. 

This  substance  has  been  obtained  by  several  chemists,  but  from  the 
various  melting  points  given  by  different  observers,  it  was  of  interest 
to  see  which  was  probably  correct. 

Otto  {Annalen,  141, 105),  by  the  action  of  chlorine  on  sulphobenzide, 
obtained  CgHjCI,  C6H5Cl7(/5),  and  an  oil  which  contained  sulphur  and 
gave  no  definite  figures  on  analysis  (from  the  figures  given,  the  oil  was 
probably  a  mixture  of  CgHsCl  and  (C6H5)2S02,  together  with  70 — 80 
per  cent.  a-CeHoC]?).  On  decomposing  this  oil  with  alcoholic  potash, 
he  obtained  CeHaCli,  apparently  in  the  characteristic  crystals  which  I 
have  since  observed,  and  he  gives  the  melting  point  as  33°. 

Ladenburg  (^Annalen,  172,  344)  gives  27 — 28°  as  the  melting  point. 

Jungfleisch  (Zeit.  fur  Chem.,  1868,  468),  by  the  action  of  chlorine 
on  monochlorobenzene  in  sunlight  and  decomposition  of  the  resulting 
product  by  alcoholic  potash,  obtained  C6H2CI4,  and  assigns  35°  as  the 
melting  point. 

Beilstein  and  Kurbatow  {Annalen,  192,  237)  obtained  the  substance 
from  ordinary  unsymmetrical  trichloraniline  by  the  replacement  of 
NH2  by  CI2.  They  found  that  the  CeHaCli,  thus  prepared,  melted  at 
50—51°. 

I  have  prepared  unsymmetrical  tetrachlorobenzene  by  several  re- 
actions :  from  a-monochlorobenzene  hexachloride  by  the  action  of 
potash,  soda,  and  alcoholic  potassium  cyanide ;  from  y3- monochloro- 
benzene hexachloride  by  the  action  of  alcoholic  potash ;  and  in  all 
cases,  after  recrystallisation  from  alcohol,  the  product  was  deposited 
in  the  characteristic,  double  fan-shaped  crystals  described  by  Otto, 
and  the  melting  point  was  invariably  from  33°  to  35°.  This  melting 
point  was  not  raised  by  subsequent  recrystallisation,  and  for  some 
time  I  thought  that  there  must  be  some  mistake  on  Beilstein's  part, 
as  my  results  confirmed  the  observations  of  Otto,  Ladenburg,  and 
Jungfleisch ;  but  after  some  time  1  found  that  the  substance,  after 
steam- distillation,  melted  about  2°  higher  than  I  had  previously 
observed.  On  repeating  this  process  several  times,  a  melting 
point  as  high  as  43°  has  been  obtained,  and,  therefore,  in  all  prob- 
ability, the  melting  point  given  by  Beilstein  and  Kurbatow,  50 — 51", 
is  correct.  In  all  the  methods  of  formation,  except  that  of  Beilstein 
and  Kurbatow,  there  is  probably  some  small  amount  of  another  sub- 
stance present,  which  cannot  be  removed  by  fractional  crystallisation. 

That  the  substance  I  was  working  with  was  not  very  impure  was 
shown  by  the  following  analysis  and  molecular  weight  determina- 
tion : — 

0'3546   gram   substance,   burnt  with   ignited   Iceland   spar,    gave 
0-9490  gram  AgCl. 
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Theory  for 
C6H2CI4.  Found. 

CI 65-74  per  cent.  66'20  per  cent. 

Molecular  weiglit  determination  : — 

Weight  of  substance 0-2026  gram. 

Weight  of  benzene 16-0538  grams. 

Depression  of  freezing  point.  .  . .      0'31°. 

Theory  for 
C6H2CI4.  Found. 

Molecular  weight 216  199*5 

In  order  that  there  should  be  no  doubt  as  to  which  tetrachloro- 
benzene  is  obtained  by  the  abstraction  of  3  mols.  HCl  from  a-  or 
/3-monochlorobenzene  hexachloride,  the  nitro- derivative  was  pre- 
pared; this,  after  being  recrystallised  from  alcohol,  melted  at 
23^.  Beilstein  (Handbuch,  2  ed.,  ii,  63)  gives  the  melting  point  of 
C6HCl4-]Sr02  [1:3:4:5:2]  as  21—22".  This  "shows  conclusively 
that  the  same  tetrachlorobenzene  is  obtained  by  decomposing  a-  and 
^-monochlorobenzene  hexachloride,  by  alkalis  as  Beilstein  and  Kur- 
batow  obtained  from  unsyrametrical  trichloraniline. 

Preparation  of  Benzene  Hexabromide. 

Some  benzene  was  placed  upon  the  surface  of  a  dilute  solution  of 
sodium  hydrate,  and  a  stream  of  air,  saturated  with  bromine,  was  let 
into  the  mixture  for  some  time.  After  some  hours,  the  benzene  layer 
sank  to  the  bottom  of  the  flask,  and,  on  continuing  the  treatment  with 
bromine,  crystals  were  at  length  formed. 

A  simpler  method  of  preparing  the  hexabromide  is  to  mix  benzene 
and  bromine  together  in  the  presence  of  water  or  of  very  dilute  soda 
solution;  the  mixture  of  bromine  and  benzene  falls  to  the  bottom  of 
the  flask  and,  after  some  days,  begins  to  deposit  crystals,  which  can 
be  readily  separated  from  the  liquid  contents  of  the  flask.  The  crys- 
tals, after  being  allowed  to  stand  for  some  time  on  a  porous  plate, 
gave  the  following  results  on  analysis  : — 

0*2429  gram,  burnt  with  ignited  Iceland  spar,  gave  0'4787  gram 

AgBr. 

Theory  for 

CgHeBre.  Found. 

Bromine 86*0  per  cent.  83*7  per  cent. 

This  high  percentage  of  bromine  shows  without  doubt  that  benzene 
hexabromide  is  the  main  product  of  the  reaction.  1  have  not  as  yet 
further  investigated  the  benzene  hexabromide  thus  produced,  but  it 
will  be  of  interest  to  see  whether  it  is  a  sim.ple  substance  or  a  mixture.. 
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Meunier  has  already  examined  the  hexabromide  produced  by  other 
processes,  and  finds  it  to  be  homogeneous. 

Action  of  Bromine  on  Monochlorohenzene. 

On  mixing  chlorobenzene  and  bromine  under  water,  and  allowing 
the  mixture  to  stand  for  about  a  week,  a  solid  is  produced  which  crys- 
tallises in  plates  which  contain  a  small  amount  of  interstitial  bromine. 
If  the  mixture  be  allowed  to  stand  for  some  weeks  at  the  ordinary 
temperature  of  the  laboratory,  the  whole  of  the  bromine  is  used  up, 
provided  that  the  monochlorobenzene  is  in  excess.  The  solid,  on 
recrystallisation  from  alcohol,  in  the  vapour  of  which  it  is  exceedingly 
volatile,  forms  colourless,  nacreous  plates  which  melt  at  65 — QQ°, 
The  substance  appears  to  be  parachlorobromobenzene,  the  melting 
point  of  which  is  given  by  Korner  (Jahresher.,  1875,  319)  as  67'4i°. 

A  chlorine  and  bromine  determination  was  made  with  the  following 
result : — 

01609  gram  of   the  substance,   burnt  with  ignited  Iceland  spar, 

gave  0*2639  gram  of  a  mixture  of  AgCl  and  AgBr  and  0'0090 

gram  of  metallic  silver. 
0'2639  gram  of  the  mixture  of  AgCl  and  AgBr  was  ignited  in  a 

stream  of  chlorine  until  the  weight  became  constant,  and  gave 

0-2291  gram  AgCl. 

Found.  Theory. 

CI 18-93  per  cent.  18-54  per  cent. 

Br 40-89         „  41-77 

The  molecular  weight  of  the  substance  was  also  determined  in  benzene 
solution,  in  which  it  is  extremely  soluble. 

0-3448  gram  of  the  substance,  dissolved  in  17*9660  grams  of  benzene, 
caused  a  depression  in  the  freezing  point  of  0-52°. 

Theory  for 
Found.  C6H4ClBr. 

Molecular  weij?ht 185  191*5 


Theoretical  Considerations. 

In  the  last  paper,  as  no  simpler  explanation  was  then  apparent,  I 
hazarded  the  speculation  that  the  reason  for  the  existence  of  two 
isomeric  modifications  of  benzene  hexachloride,  CeHeCle,  might  be 
that,  in  one  of  the  modifications,  the  6  atoms  of  chlorine  had  become 
triad,  and  uniting  with  one  another  had  formed,  a  closed  chain  of 
6  atoms  of  chlorine,  the  other  modification  containing  6  atoms  of 
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monad  clilorine,  and  eacli  atom  being  connected  solely  with  1  atom 
of  carbon. 

Since  that  time  my  attention  has  been  called  to  a  paper  by  Sachse 
{Ber.,  23,  1363),  "  Ueber  die  geometrischen  Isomerien  der  Hexa- 
methylenederivate,"  which  seems  to  afford  a  satisfactory  explanation 
of  the  reason  of  the  isomerism.  This  paper  is  extremely  difficult  to 
understand  without  the  assistance  of  models,  but  with  their  aid  is 
simplicity  itself. 

Sachse  shows  that  there  are  two,  and  only  two,  positions  in  which 
the  6  carbon  atoms  of  a  hexamethylene  ring  can  exist  without  being 
in  a  state  of  strain,  the  carbon  atoms  being  assumed  to  be  regular 
tetrahedra,  and  each  tetrahedron  being  joined  to  its  neighbour  at  a 
common  vertex,  so  that  the  bases  are  parallel.  (In  the  model  this  is 
effected  by  stringing  each  pair  of  adjacent  tetrahedra  upon  a  rigid  rod, 
which  passes  through  the  centre  point  of  the  base  and  the  apex  of  each 
tetrahedron.  Thus  the  six  tetrahedra  are  held  together  in  the  ring 
by  six  rigid  rods.) 

As  I  stated  previously,  it  is  difficult  without  models  to  describe  the 
two  fundamental  forms  of  the  he  xamethylene  ring,  but  my  colleague 
Professoi  Minchin  has  kindly  drawn  up  the  following  description  of 
the  two  positions,  which,  I  think,  is  quite  intelligible. 

Is^  Form. — On  the  side  of  a  plane  regular  hexagon  describe  equi- 
lateral triangles  all  outwards  from  the  area;  on  these  triangles 
describe  regular  tetrahedra  having  the  vertices,  in  alternate  order, 
above  and  below  the  plane  of  the  hexagon. 


2nd  Form. — Take  an  equilateral  triangle  ABC  in  a  horizontal  plane ; 
bisect  the  sides  BC,  CA  in  a  and  h ;  on  Ba  describe  an  equilateral 
triangle  Bma,  outwards,  in  the  plane  of  the  area  ABC  ;  on  aC  describe 
an  equilateral  triangle  aC&,  inwards ;  on  6A  describe  one  Abn,  ont- 
wards  ;  on  these  small  equilateral  triangles,  in  order,  describe  regular 
tetrahedra,  having  their  vertices  alternately  below  and  above  the 
plane  of  the  area ;  take  the  image  or  reflection  of  the  whole  of  this 
figure  in  the  vertical  plane  containing  the  base  AB ;    rotate  the  re- 


OF  MONOOHLOROBENZENE  HEXACHLORIDE.        113 

flection  ABC  round  AB  until  the  adjacent  faces  of  the  tetrahedra  at 
C  and  C  become  parallel  to  each  other.  The  figure  is  then  that  of 
the  second  form. 

C 


(This  description  applies  to  the  1st  form,  if,  instead  of  taking  the 
direct  image  of  the  first  equilateral  triangle  ABC  with  its  tetrahedra, 
we  take  its  inverted  image,  no  rotation  round  AB  being  now  necessary 
because  the  adjacent  faces  at  0  and  C  are  at  once  parallel.) 

Should  Sachse's  hypothesis  prove  to  be  correct,  there  can  be  little 
doubt  that  the,  at  present  desiguated,  /3- modification,  as  possessing 
the  higher  melting  point,  will  correspond  with  the  symmetrical  (1st) 
form  of  the  hexamethylene  ring,  and  that  the  a-modification  will  be 
represented  by  the  unsynmetrical  form. 

In  the  case  of  the  hexachlorides  of  benzene,  according  to  Sachse's 
theory,  only  two  modifications  are  possible,  assuming  that  each  atom 
of  carbon  is  directly  connected  with  1  atom  of  chlorine ;  bat  in  the 
case  of  the  hexachlorides  of  chlorobenzene  (monochloro-substitution 
products  of  a-  and  /S-benzene  hexachlorides),  three  modifications  are 
theoretically  possible.  As  in  the  1st  form  of  the  hexamethylene  ring 
the  whole  of  the  6  carbon  atoms  are  perfectly  symmetrical,  it  is 
immaterial  which  of  the  6  atoms  of  hydrogen  in  yS-CeHeCle  is  sub- 
stituted by  chlorine  to  produce  yS-CeHjClT.  In  the  second  form  of 
the  hexamethylene  ring,  however,  the  atoms  of  carbon  are  not  all 
symmetrically  arranged :  four  atoms  [2,  8,  5,  6]  are  symmetrical,  as 
are,  likewise,  1  and  4.  Therefore  two  a-derivatives,  CeHsClv,  may  be 
expected,  and  it  appears  likely  that  they  w^ould  be  exceedingly  similar 
in  their  properties. 

I  have  been  unable  to  obtain  a-monochlorobenzene  hexachloride 
with  a  perfectly  constant  melting  point,  although  convinced  that 
the  /3-substance  had  been  entirely  separated,  and  it  seems  not  un- 
likely that  the  a-compound  here  described  may  consist  of  a  mixture 
of  two  theoretically  possible  substances  which  resemble  one  another 
80  closely  as  to  resist  all  the  ordinary  methods  of  separation. 
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It  will  be  of  considerable  importance  to  see  wbetber  two  iso- 
meric hexametliylenes  are  capable  of  existence.  According  to  Sachse's 
hypothesis,  this  should  be  the  case,  and  the  discovery  of  two  isomeric 
modifications  of  hexamethylene  would  leave  little  or  no  doubt  as  to 
the  truth  of  his  theory. 

I  have  been  attempting  to  convert  these  chlorine  derivatives  into 
the  hexamethylenes,  but  up  to  now  without  success.  I  am  continuing 
the  investigations. 

Royal  Indian  Engineering  College^ 
Coopers  Hill,  Staines. 


IX. — Some  Metallic  HydrosulpJddes. 
By  S.  E.  LiNDER  and  Harold  Picton. 

Introduction. 

The  research  took  its  rise  in  an  observation  made  while  drying  some 
precipitated  antimony  sulphide.  The  substance,  collected  on  a  Gooch's 
crucible  and  well  washed,  was  heated  in  a  vessel  with  a  bright  copper 
lid,  and  it  was  observed  that  the  copper  lid  was  blackened.  This  ap- 
peared to  be  due  to  sulphuretted  hydrogen,  but  as  the  sulphide  had  been 
well  washed,  such  an  explanation  involved  the  assumption  that  the 
freshly  precipitated  sulphide  was  combined  with  sulphuretted  hydro- 
gen. This  circumstance  suggested  an  inquiry  into  the  composition 
of  the  freshly  precipitated  sulphides.  In  spifce  of  the  amount  of 
work  done  on  the  sulphides,  very  little  is  recorded  of  any  investiga- 
tion into  the  composition  of  the  freshly  precipitated  compounds ;  it 
seemed  worth  while,  therefore,  to  undertake  such  an  investigation. 

This  research  has  opened  up  other  inquiries  on  the  physical  side, 
which  are  of  much  interest,  and  have  now  become  the  main  subject 
of  our  work.  But  before  entering  upon  these,  we  propose,  in  this 
first  paper,  to  review  the  purely  chemical  results  arrived  at  in  the 
course  of  our  investigation.  Unfortunately  these  are  not  so  clearly 
definable  as  we  could  wish,  the  compounds  dealt  with  being  com- 
plicated and  often  unstable.  The  chief  facts  which  the  chemical 
portion  of  our  work  has  revealed  or  extended  may  be  shortly  stated 
as  follows. 

The  ordinary  sulphide  precipitates  in  most  cases  contain  combined 
sulphuretted  hydrogen. 
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In  some  cases,  these  precipitates  appear  to  have  a  definite  com- 
position and  to  be  stable  compounds. 

By  other  methods,  higher  hydrosulphides  are  occasionally  obtain- 
able.    These  are  compounds  of  high  molecular  weight. 

They  undergo  condensation  with  elimination  of  sulphuretted 
hydrogen  under  the  influence  of  acids. 

They  form  solutions  of  moderate  strength. 

Before  entering  upon  our  own  work,  we  will  briefly  indicate  what  has 
already  been  done  on  this  subject.  We  shall  not  refer  to  the  hydro- 
sulphides  of  the  alkalis  or  the  alkaline  earth  metals,  as  this  portion  of 
our  work  does  not  touch  on  these.  With  regard  to  other  hydrosulphides, 
there  is  very  little  to  be  said.  Thomsen  (Ber.,  11,  2044)  found  that 
zinc  sulphate  is  completely  precipitated  by  its  equivalent  of  sodium 
hydrosulphide.  On  adding  twice  this  quantity,  he  obtained  an  opal- 
escent solution,  which  he  concluded  contained  zinc  hydrosulphide. 
Baubigny  (Gompt.  rend.,  97,  1417)  found  that,  on  passing  sulphuretted 
hydrogen  into  a  solution  of  zinc  sulphate  at  0",  he  got  a  precipitate 
of  zinc  sulphide  containing  excess  of  sulphur.  He  found  that  the 
excess  of  sulphur  in  the  precipitate  varied.  Just  the  same  results 
were  obtained  in  the  case  of  nickel  sulphate.  Y.  v.  Zotta  qualifies 
Thomsen's  results  in  a  paper  on  the  action  of  sodium  hydrosulphide 
on  zinc  sulphate  (Monatsh.,  10,  807 — 812). 

Among  papers  which  have  an  indirect  bearing  on  the  subject,  we 
may  mention  that  of  Clermont  and  Frommel  (Compt.  rend.,  87,  330), 
who  showed  that,  on  continuously  boiling  certain  sulphide  precipitates 
with  water,  sulphuretted  hydrogen  is  evolved ;  this  they  proved  to 
be  due  to  decomposition  of  the  sulphide  by  the  water.  Examples  are 
the  sulphides  of  arsenic,  iron,  and  antimony. 

Winsinger  and  Spring  have  prepared  metallic  sulphide  solutions  by 
long  continued  washing  of  the  precipitated  sulphide  with  sulph- 
uretted hydrogen  water  (Bull.  Soc.  Ghim.,  49,  452,  and  48,  166). 
Winsinger  has  also  shown  that  certain  metallic  hydrates  {e.g.,  zinc) 
pass  into  solution  on  long  continued  treatment  with  sulphuretted 
hydrogen  water.  We  were  not  acquainted  with  the  later  work  of 
Winsinger  and  Spring  when  preparing  the  present  paper,  and  thus 
arrived  independently  at  similar  methods  of  preparing  these  solutions. 

Antony?  and  Lucchesi  made  some  experiments  on  the  ordinary  lead, 
copper,  bismuth,  antimony,  and  gold  sulphide  precipitates.  Their 
precipitates  were  obtained  in  the  ordinary  way,  washed  with  saturated 
sulphuretted  hydrogen  water,  pressed  between  blotting  paper,  and 
dried  at  120 — 130°.  Under  these  circumstances,  the  precipitates,  of 
course,  contained  mechanically  adhering  sulphuretted  hydrogen,  and 
the  small  quantity  of  sulphuretted  hydrogen  evolved  and  detected  by 
means  of  silver  nitrate  was  put  down  to  this  cause.     The  conclusion 
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was,  therefore,  arrived  afc  that  the  freshly  precipitated  compounds 
were  the  normal  sulphides  (Gazzetta,  19,  545 — 562). 

General  Statement. 

Attention  was  first  directed  to  the  composition  of  the  precipitates 
obtained  in  the  ordinary  way.  The  first  result  of  our  experiments 
was  to  prove  that  excess  of  sulphur  was  present  in  these  precipitates  ; 
it  was  also  found  that  the  amount  is  not  always  constant.  As  in 
many  cases  the  excess  was  small,  the  question  naturally  arose  as  to 
whether  this  could  be  free  sulphur  liberated  during  precipitation.  To 
lessen  the  chances  of  snch  precipitation,  boiled  water  was  in  many 
cases  used.  The  only  certain  proof,  however,  was  to  make  a  search- 
ing examination  in  one  of  the  cases  where  sulphur  might  most 
readily  be  expected  to  be  formed;  and  for  this  purpose  mercury 
sulphide  was  chosen ;  it  gives  a  very  small  excess  of  sulphur  and  the 
liability  to  deposit  sulphur  unless  due  precautions  are  taken  is  well- 
known.  The  precipitate,  after  washing  with  alcohol,  was  carefully 
extracted  with  carbon  bisulphide,  but  still  yielded  the  same  excess  as 
before  ;  and  in  order  to  obviate  the  objection  that  this  extraction 
might  be  imperfect,  another  method  more  easily  applied  was  used. 
This  consisted  in  heating  the  precipitated  compound  in  a  current  of 
hydrogen  ;  in  this  way  the  sulphuretted  hydrogen  w^as  driven  off  and 
absorbed  by  soda,  and  there  was  no  longer  any  possibility  of  the 
excess  being  due  to  free  sulphur.  But  though  washed  to  all  ap- 
pearance perfectly  free  from  sulphuretted  hydrogen,  it  might  yet 
perhaps  be  thought  that  some  small  quantity  of  the  gas  was  mechani- 
cally retained  in  the  interstices  of  the  precipitate.  As  a  final  test, 
therefore,  the  precipitate,  after  complete  washing,  was  extracted 
carefully  with  carbon  bisulphide,  washed  free  from  every  trace  of 
carbon  bisulphide,  and  then  completely  dried  in  a  vacuum.  The 
substance  so  dried  still  retained  sulphuretted  hydrogen,  however, 
which  was  slowly  given  off  on  heating,  and  collected  in  soda.  The 
same  result  was  obtained  in  this  case  as  in  the  others.  The  sulphur 
is,  therefore,  without  any  doubt  combined  with  the  freshly  precipitated 
sulphide  in  the  form  of  sulphuretted  hydrogen. 

What  most  influences  the  excess  of  sulphur  seems  to  be  the  nature 
of  the  acid  present.  In  many  cases,  however,  it  seems  to  vary 
according  to  no  ascertainable  rule,  and  in  these  cases  it  is,  therefore, 
only  possible  to  establish  the  main  fact  that  a  hydrosulphide  of 
some  kind  is  formed. 

To  ensure  combination  with  the  maximum  amount  of  sulphuretted 
hydrogen,  the  neutral  solutions  of  the  metallic  salts  were  allowed  to 
run   into   excess   of  sulphuretted  hydrogen  water.     In   every   case 
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examined  a  solution  clear  by  transmitted  light  was  thus  obtained. 
In  many,  but  not  all,  cases  this  solution  could  be  freed  from  its  un- 
combined  sulphuretted  hydrogen  by  a  current  of  hydrogen  without 
causing  precipitation.  To  these  solutions  attention  was  next 
directed.  It  was  found  that  acids,  unless  present  in  small  quantity, 
caused  their  precipitation,  whilst  the  same  effect  was  produced  by 
the  addition  of  metallic  salts  of  inorganic  acids.  This  property  has 
long  been  made  use  of  in  the  filtration  of  certain  sulphides,  for  in- 
stance, tin  sulphide.  The  salts  of  organic  acids  did  not  exert  so 
powerful  an  action. 

It  is  obvious  that,  according  to  this  method  of  obtaining  these 
solutions,  an  equivalent  of  acid  was  liberated  by  the  action  between 
sulphuretted  hydrogen  and  the  metallic  salt.  Now  one  of  the  diffi- 
culties which  misled  us  in  the  early  part  of  this  work  was  the  varying 
influence  of  different  acids  on  the  compounds  formed.  In  the  case 
of  arsenic,  for  instance,  the  presence  of  hydrochloric  acid  does  not 
appear  to  have  any  constant  effect  upon  the  product.  With  copper, 
however,  variation  in  the  nature  of  the  acid  present  exerts  a  profound 
effect.  A  method  was  therefore  sought  in  which  the  action  of  acids 
would  be  eliminated.  The  metallic  hydrates  or  sulphides,  suspended 
in  water,  were  treated  with  sulphuretted  hydrogen,  solutions  being 
thus  obtained  in  some  cases.  These  solutions  are  clear  by  trans- 
mitted light,  though  in  the  case  of  metals  yielding  black  sulphides 
they  are  intensely  dark.  They  are  almost  always  strongly  fluor- 
escent, so  that  by  reflected  light  they  have  a  turbid  appearance. 
Thus  arsenic  gives  a  solution  which  appears  quite  milky  by  reflected 
light,  but  by  transmitted  light  has  a  clear,  somewhat  reddish-yellow 
colour.  These  neutral  solutions  are,  like  the  others,  precipitated  by 
the  addition  of  metallic  salts. 

It  was  proved  by  a  blank  experiment  with  sulphuretted  hydrogen 
water  that  a  current  of  hydrogen  would  completely  expel  dissolved 
sulphuretted  hydrogen. 

EXPEEIMENTAL   METHODS. 

All  the  i-eagents  employed  were  very  carefully  tested  for  traces  of 
sulphate.  Thus  no  specimen  of  hydrochloric  acid  was  employed 
which  after  dilution  showed  any  sign  of  precipitate  on  the  addition 
of  barium  chloride  and  allowing  the  mixture  to  stand  over  night. 

Precipitates. — The  precipitation  was  always  carried  on  in  a 
Drechsel's  bottle,  which  could  be  tightly  stoppered,  and  had  two 
stopcocks  sealed  on  to  the  side-tubes.  In  most  cases,  a  measured 
quantity  of  the  metallic  solution  was  allowed  to  run  into  about  200  c.c. 
of  saturated  and  acidified  sulphuretted  hydrogen  water  contained  in  the 
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bottle;  a  rapid  current  of  sulphuretted  hydrog-en  was  at  the  same 
time  passed  continuously  through  the  water.  The  stopper  was  then 
introduced,  sulphuretted  hydrogen  once  more  passed  through  the 
liquid,  the  stopcocks  closed,  and,  where  necessary,  the  solution 
allowed  to  stand  until  the  precipitate  had  settled.  We  always  took 
care  to  have  an  outward  pressure  of  sulphuretted  hydrogen. 

The  precipitate  having  settled,  two  different  methods  were 
adopted. 

1.  It  was  collected  by  filtering  in  the  ordinary  way  and  washed 
thoroughly  with  the  washings  of  the  Drechsel's  bottle,  the  wash  water 
being  tested  with  lead  acetate  till  free  from  sulphuretted  hydrogen. 
The  precipitate  was  then  either  washed  off  the  filter  into  the  original 
Drechsel's  bottle,  or  filter-paper  and  precipitate  were  together 
dropped  into  it.  Pure  caustic  soda  was  added,  and  some  water. 
Chlorine  was  then  passed  through  the  liquid  to  saturation.  It  was 
next  evaporated,  treated  several  times  with  hydrochloric  acid  to 
destroy  chlorate,  filtered  to  retain  any  traces  of  residual  sulphur,  and 
precipitated  with  barium  chloride.  In  several  cases,  traces  of  sulphur 
were  thus  obtained  and  oxidised  with  chlorate,  but  as  a  rule  they 
yielded  at  most  2  or  3  milligrams  of  barium  sulphate.  The  sulphate 
was  collected  on  a  Gooch's  crucible.  It  has  been  stated  that  sulphuric 
acid  is  found  in  a  liquid  after  evaporation  on  the  water-bath ;  but  on 
making  a  blank  experiment  and  proceeding  in  exactly  the  same  way 
as  with  our  other  experiments,  only  half  a  milligram  of  barium  sulphate 
was  obtained  after  two  hours'  evaporation.  It  is  to  be  observed  also 
that  in  these  prolonged  operations  the  tendency  to  loss  of  sulphur 
would  more  than  counter-balance  any  such  gain. 

2.  The  precipitate  was  collected  on  a  Gooch's  crucible,  and,  after 
careful  washing,  introduced  into  an  apparatus  in  which  it  could  be 
heated  in  a  current  of  hydrogen.  In  the  first  form  of  this  apparatus 
a  large,  red  caoutchouc  stopper  was  used  to  close  the  mouth  of  the 
vessel  in  which  the  precipitate  was  heated.  Owing  to  the  curious 
behaviour  of  the  precipitate  under  these  conditions,  and  the  immense 
time  (several  days)  during  which  sulphuretted  hydrogen  continued  to 
be  evolved,  the  apparatus  was  carefully  re-examined.  It  was  found 
that  the  caoutchouc  stopper,  on  heating,  continuously  evolved  traces 
X)i  sulphuretted  hydrogen.  The  hydrogen  entering  the  apparatus  was 
quite  free  from  sulphur.  The  cause  of  the  above  behaviour  is  not  far 
to  seek.  Red  caoutchouc  is  coloured  with  antimony  sulphide,  and 
this  probably  contains  some  combined  sulphuretted  hydrogen.  It  is 
the  slow  decomposition  of  the  hydrosulphide  on  heating  which  causes 
the  observed  evolution  of  hydric  sulphide.  The  form  of  apparatus 
afterwards  used  was  the  following  : — The  hydrogen  passed  through  a 
■column   of    solid   lead   acetate,   through   two    U -tubes    containing 
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alkaline  lead  acetate,  and  then  through  sulphuric  acid.  The  vessel 
in  which  the  sulphide  was  heated  was  closed  with  a  well-ground 
glass  stopper,  having  a  thermometer  ground  into  it.  The  issuing  gas 
passed  first  over  the  surface  of  some  strong  potash  solution  contained 
in  a  small  flask,  which  absorbed  nearly  all  the  sulphuretted  hydrogen. 
This  arrangemenb  made  it  easy  to  test  the  issuing  gas  after  a  certain 
number  of  hours,  without  fear  of  loss,  by  withdrawing  the  tube  and 
allowing  the  gas  to  impinge  upon  moistened  lead  acetate  paper.  The 
gas  next  passed  through  a  small  Drechsel's  bottle  containing  caustic 
soda,  and  then  through  a  JJ"*^^®  containing  the  same  liquid.  The 
last  never  showed  any  trace  of  sulphide.  The  oxidation  was  carried 
on  in  the  small  Drechsel's  bottle  just  as  before.  A  calcium  chloride 
bath  was  used  to  heat  the  apparatus. 

Solutions  from  Metallic  Salts. — The  metallic  solution  was  allowed 
to  run  into  saturated  sulphuretted  hydrogen  water  just  as  with  the 
precipitates.  After  closing  the  bottle,  the  liquid  was  re-saturated 
with  sulphuretted  hydrogen,  and  the  dissolved  gas  then  driven  out 
by  a  current  of  hydrogen,  purified  by  passing  through  two  Woulfie's 
bottles  containing  alkaline  lead  acetate.  The  issuing  gas  was  tested 
with  lead  acetate  paper. 

In  a  blank  experiment,  it  was  found  that  about  250  c.c.  of  sulph- 
uretted hydrogen  water  could  be  thus  freed  from  sulphuretted 
hydrogen  in  two  hours.  The  reaction  of  the  issuing  gases  affords  an 
exceedingly  delicate  test  for  any  sulphuretted  hydrogen  left  in  the 
liquid.  Indeed,  w^hile  the  issuing  gas  still  showed  a  decided  reaction, 
the  coloration  produced  by  adding  lead  acetate  to  the  liquid  through 
which  the  gas  was  passing  was  such  as  indicated  the  presence  of 
traces  only  of  sulphuretted  hydrogen.  Where  it  is  not  possible  to 
conduct  the  process  so  perfectly  as  to  obtain  absolutely  no  reaction 
with  the  issuing  gases,  it  is  still  quite  easy  to  see  when  the  quantity 
of  sulphuretted  hydrogen  left  in  the  liquid  has  become  far  too  small 
to  affect  the  analytical  results. 

The  solution,  when  thus  freed  from  uncombined  sulphur- 
etted hydrogen,  was  treated  with  soda  and  oxidised  as  already 
described. 

Solutions  in  Absence  of  Acid. — The  metallic  hydrate  or  sulphide 
was  suspended  in  water  and  treated  with  sulphuretted  hydrogen. 
When  necessary,  the  bottle  was  left  tightly  stoppered  to  allow  the 
action  to  be  completed.  The  dissolved  sulphuretted  hydrogen  was 
then,  as  before,  driven  out  by  a  current  of  hydrogen. 

Other  methods  besides  those  described  were  sometimes  adopted, 
but  these  will  be  more  conveniently  considered  in  the  individual  cases. 
The  details  of  the  individual  results,  not  many  of  which,  unfortun- 
ately, are  very  definite,  will  next  be  given. 

K  2 
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It  should  be  observed  that  the  principal   experiments  with  each 
metal  examined  may  be  arranged  under  three  heads  : — 

I.  Examination  of  the  reaction  between  the  hydrate  or  sulphide 
and  sulphuretted  hydrogen. 
II.  Examination  of  the  solutions  formed  in  presence  of  the  acid 
derived  from  the  metallic  salt. 
III.  Examination  of  the  precipitated  sulphide. 


EXPEEIMENTAL    RESULTS. 

Ccypper. 

In  the  following  experiments,  a  weighed  quantity  of  pure  copper 
sulphate  was  dissolved,  made  up  to  a  given  volume,  and  measured 
quantities  of  the  solution  used. 

I.  Treatment  of  the  Hydrate  luith  Sulphuretted  Hydrogen. — A 
measured  quantity  of  the  copper  solution  was  carefully  precipitated 
with  caustic  soda,  and  the  hydrate  washed  thoroughly  till  free  from 
any  trace  of  alkali  or  adherent  salts.  It  was  then  washed  into  a 
Drechsel's  bottle  with  boiled  water,  and  treated  with  sulphuretted 
hydrogen. 

Amount  of  crystallised  copper  sulphate  used,  I'03084  grams. 

The   following  are  the  amounts  of   barium  sulphate  obtained  : — 

a,  1-1072  ;  h,  1-1096  ;  c,  1-1044 ;  calculated  for  CuS,  0-9642 : 

a.  Treated  with  about  300  c.c.  of  water,  sulphuretted  hydrogen 
passed  for  1  hour.  Temperature,  11°;  current  of  hydrogen 
passed  for  If  hours.     Partial  solution. 

h.  Treated  with  about  400  c.c.  of  water.  Sulphuretted  hydrogen 
passed  for  \\  hours.  Cooled  with  ice  throughout  the  experi- 
ment. Current  of  hydrogen  passed  for  2|  hours.  Only  a 
small  part  of  the  sulphide  was  dissolved. 

c.  Treated  with  about  400  c.c.  of  water.  Saturated  with  sulph- 
uretted hydrogen  on  Wednesday  night.  Left  closely  stoppered. 
Resaturated  Thursday,  Friday,  and  Saturday.  By  Monday 
an  almost  complete  solution  of  the  sulphide  was  obtained, 
only  a  few  particles  remaining  undissolved.  The  dissolved 
sulphuretted  hydrogen  was  then  expelled  by  a  current  of 
hydrogen. 

Taking  the  mean  of  the  above  results,  we  have  : — 

Calculated  for 
Sulpkur  found.  rCuS.HgS. 

36-69  per  cent.  36-59  per  cent. 
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As  the  amount  of  precipitate  and  solution  in  the  three  cases  varied, 
it  is  obvious  that  the  precipitate  obtained  in  this  way  has  the  same 
composition  as  the  solution. 

Precipitated  copper  sulphide,  as  might  be  expected  from  the  above 
experiments,  appears  to  form  a  solution  when  treated  with  sulph- 
uretted hydrogen  water. 

II.  Frecijpitation  in  Presence  of  Acetic  Acid. — In  the  first  attempts 
to  get  the  precipitate  in  presence  of  acetic  acid,  copper  sulphate  was 
precipitated  by  caustic  soda,  and  the  hydrate  redissolved  by  the 
addition  of  acetic  acid.  In  this  way,  the  presence  of  free  sulphuric 
acid  during  the  precipitation  was  avoided.  The  solution  so  obtained 
was  allowed  to  run  into  sulphuretted  hydrogen  water,  when  a  deep- 
brown  solution  was  obtained ;  this,  on  standing,  gradually  deposited 
a  precipitate.  Great  difficulty  was  experienced  in  obtaining  this 
precipitate  in  a  filterable  form.  Each  solution  was  left  from 
Thursday  to  Monday,  and  then  filtered  in  an  atmosphere  of  coal- 
gas. 

The  rapid  oxidisability  of  copper  sulphide  made  it  necessary, 
especially  in  slow  filtrations,  to  filter  in  absence  of  air.  In  these 
cases,  the  method  of  upward  filtration  was  adopted.  A  small,  per- 
forated platinum  disc  was  melted  into  one  end  of  a  short,  wide  piece 
of  tubing.  The  other  end  was  fitted  with  a  cork,  through  which 
passed  a  tube  connected  with  a  filter-pump.  A  small  piece  of  filter- 
paper  was  fitted  over  the  platinum  disc.  After  removing  the  stopper 
of  the  Drechsel's  bottle,  this  small  filter  was  lowered  to  the  surface 
of  the  liquid,  and  the  tube  connected  with  the  filter-pump.  At  the 
same  time,  a  stream  of  coal  gas  was  passed  through  the  bottle,  the 
mouth  of  which  was  plugged  with  cotton  wool.  This  method  is  par- 
ticularly adapted  to  the  filtration  of  very  fine  precipitates. 

In  the  two  above  cases,  the  filtration  was  exceedingly  slow. 

Copper  sulphate  taken,  1*0614  grams. 

BaS04  found.  Percentage  of  sulphur. 

(1.)  1-1184  grams  36-13 

(2.)  1-1245      „  36-28 

These  results  cannot  be  entirely  relied  upon,  owing  to  the  time 
spent  in  filtration. 

In  another  case  a  much  easier  plan  was  adopted,  the  sulphide  solu- 
tion being  precipitated  by  the  addition  of  ammonium  chloride. 

Copper  sulphate  taken,  0-5154  gram. 

BaS04  found.  Percentage  of  sulphur. 

0-5367  gram  36-00 
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The  calculated  percentage  for  9CuS,H2S  is  35-96;  and  we  thus 
see  that  the  acid  has  begun  its  work  of  breaking  down  the  hydro- 
sulphide.  The  acid  in  this  case  acts  in  presence  of  excess  of  snlph- 
uretted  hydrogen,  and  evidently  exercises  its  full  influence  at  once, 
for  the  prolonged  action  in  the  two  previous  cases  has  at  least  not 
effected  any  further  withdrawal  of  sulphuretted  hydrogen.  In  each 
case,  the  solution  was  only  very  faintly  acid  when  the  reaction  started. 

III.  Solution  in  Presence  of  Acetic  Acid. — In  these  cases,  the  solu- 
tion obtained  in  a  similar  way  was  freed  from  sulphuretted  hydrogen 
by  a  current  of  hydrogen.  They  are  therefore  distinguished  from 
the  last,  in  that  the  acid  was  allowed  to  act  upon  the  solution  when 
not  saturated  with  sulphuretted  hydrogen.  The  following  are  the 
percentages  of  sulphur  found  : — 


Calculated  for 

Calculated  for 

I. 

11. 

Mean. 

CuS. 

22CuS,H2S. 

34-67 

34-56 

34-61 

33-65 

34-61 

The  excess  is  here  very  small,  and  it  is  therefore  impossible  to^ 
assign  a  formula.  The  mean  of  the  percentages  is  34-61,  and  this 
agrees  exa^ctly  with  that  calculated  from  22CuS,H2S.  But  21CuS,H2S 
gives  a  percentage  of  34" 66,  with  a  difference  from  the  last  formula 
of  less  than  0*2  per  cent,  on  the  total  sulphur.  It  is  only  possible  to 
say  that  a  great  molecular  condensation  has  taken  place. 

IV.  If  precipitated  in  presence  of  hydrochloric  acid,  still  further 
loss  of  sulphuretted  hydrogen  occurs,  the  excess  of  sulphur  amount- 
ing to  about  2  per  cent,  on  the  normal  quantity,  or,  if  a  large  amount 
of  acid  be  added,  to  about  1  per  cent. 

The  following  numbers  give  the  excesses  on  each  1*000  gram  of  cal- 
culated baric  sulphate  :—a,  0-027  :    h,  0*018,  and  c,  0-014. 

a.  Precipitated  in  presence  of  a  few  drops  of  hydrochloric  acid. 

Excess  driven  off  by  heat. 
h.  4  drops  of  dilute  sulphuric  acid  added.    The  precipitate  collected 

on  a  Gooch's  crucible,  and  excess  of  sulphuretted  hydrogen 

driven  off  in  a  current  of  hydrogen. 
c.  Soda  added  to  copper  sulphate,  and  then  excess  of  hydrochloric 

acid  to  redissolve  the  hydrate.     Very  acid  with  hydrochloric 

acid. 

Several  other  methods  were  tried  with  copper  with  a  view  to  ob- 
taining a  higher  hydrosulphide,  but  without  any  definite  result.  The 
following  may,  however,  be  mentioned  : — 

V.  Copper  sulphate  was  treated  with  sodium  hydrosulphide.  A 
solution  of  copper  sulphate  was  allowed  to  run  into  a  solution  of 
sodium  hydrosulphide.     This  method  seemed  convenient  on  account 
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of  the  immediate  precipitation  caused  by  the  sodium  sulphate  formed. 
But  much  lower  results  were  obtained  than  by  the  hydrate  method, 
and  the  experiments  were  therefore  abandoned.  BaS04  found  0*8598 
gram,  calculated  0'7944 ;  excess  per  cent.  8*23.  The  precipitate 
obtained  in  presence  of  acetic  acid,  by  adding  ammonium  chloride, 
gave  an  excess  of  11  "32  per  cent,  (see  above). 

VI.  As  the  solutions  of  antimony  and  arsenic  in  acid  potassium 
tartrate  are  not  precipitated  by  sulphuretted  hydrogen,  it  was  at  first 
determined  to  use  the  same  method  for  the  copper  solutions.  The 
sulphate  was  precipitated  with  soda,  acid  potassium  tartrate  added, 
and  the  liquid  made  faintly  acid  with  tartaric  acid.  The  solution  so 
obtained  was  allowed  to  run  into  sulphuretted  hydrogen  water  ;  the 
excess  was  then  driven  out  from  the  dark  solution  of  copper  with 
hydrogen.  This  method  gave  results  similar  to  those  obtained  by 
precipitation  in  presence  of  acetic  acid.  But  the  results  are  not  so 
concordant.     Percentages  of  sulphur  obtained:  36*10,  36*52. 

YII.  It  was  thought  that,  as  the  presence  of  water  might  have  some 
effect  in  breaking  down  the  hydrosulphide,  some  other  liquid  might 
be  used  ;  experiments,  which  bore  no  fruit,  were  carried  out  with  two 
liquids — glycerine  and  ether.  In  the  second  case  the  copper  sulphate 
was  precipitated  by  soda,  and  the  hydrate  washed  with  warm  water, 
then  with  alcohol,  and  finally  with  ether.  The  precipitate  was  washed 
into  a  Drechsel's  bottle  with  dried  ether,  cooled  with  ice,  and  treated 
with  a  current  of  sulphuretted  hydrogen.  *  It  was  found  impossible  to 
get  the  hydrate  completely  acted  on.  Thus  in  two  experiments  when 
the  calculated  amount  of  barium  sulphate  was  0*9573  gram,  that 
actually  found  was  0*7570  and  0*7875.  Similar  experiments  were 
also  made  with  glycerine,  but  without  success. 

Conclusion. — From  the  above  experiments  on  copper  sulphide  we 
may  conclude  that,  starting  with  the  hydrosulphide  7CuS,H2S,  this 
is  broken  down  by  the  action  of  acids  through  successive  stages 
expressible  more  or  less  approximately  by  the  formulae  9CuS,H2S 
and  22CuS,H2S,  till  we  finally  arrive  at  a  molecule  composed  of 
(CuS)«  alone.  This  will  probably  be  a  higher  multiple  than  22CuS, 
a  result  tending  to  confirm  the  other  proofs  of  the  complex  nature  of 
the  sulphides. 

Mercury, 

Pure  mercuric  chloride  was  used  in  these  experiments. 

I.  Treatment  of  Mercuric  Suljpjiide  with  Sulphuretted  Hydrogen. — 
It  was  found  that  when  washed  mercuric  sulphide  is  treated  with 
sulphuretted  hydrogen  water,  it  is  completely  dissolved  with  forma- 
tion of  a  deep  brown  solution.  This  seemed  a  convenient  method  of 
preparing  the  hydrosulphide  in  absence  of  acid. 
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1.  50  c.c.  of  mercuric  chloride  solution  were  taken,  mixed  with 
100  c.c.  of  boiled  water  in  a  Drechsel's  bottle,  and  3  or  4  drops  of 
hydrochloric  acid  added.  A  rapid  current  of  sulphuretted  hydrogen 
was  passed  through  the  liquid,  which  was  then  quickly  filtered.  The 
washed  precipitate  was  treated  with  250  c.c.  of  boiled  water  and 
sulphuretted  hydrogen  for  45  minutes.  It  was  then  cooled  with  ice, 
and  the  current  of  sulphuretted  hydrogen  passed  for  15  minutes 
more,  by  which  time  complete  solution  was  obtained.  A  current  of 
hydrogen  was  next  passed  through  the  liquid,  while  still  surrounded 
with  ice,  and  it  was  quite  free  from  sulphuretted  hydrogen  in 
2^  hours. 

2.  50  c.c.  of  mercuric  chloride  solution  were  acidified  with  2  drops 
of  hydrochloric  acid.  The  liquid  was  boiled,  cooled,  and  allow^qd  to 
run  into  saturated  sulphuretted  hydrogen  water  (for  which  boiled 
water  had  been  used).  The  precipitation  was  completed  by  the 
addition  of  2  more  drops  of  acid.  The  liquid  was  filtered,  and  the 
precipitate  redissolved  in  boiled  water  by  passing  in  sulphuretted 
hydrogen.  The  dissolved  sulphuretted  hydrogen  was  expelled  by  a 
current  of  hydrogen  in  about  2 J  hours,  no  ice  being,  in  this  case, 
used. 

Weight  of  mercury  chloride  taken,  1*00464  grams. 

BaS04  found.  BaS04  calculated  for  HgS. 

a.  0-8916  gram.  0-8375  gram. 

h.  0-8910      „  — 

Sulphur  calculated  for 
Sulphur  found.  SlHgSjHsS. 

14-166  per  cent.  14'171  per  cent. 

The  excess  of  sulphur  found  is  small,  being  about  3  per  cent,  on 
the  normal  quantity.  It  is  impossible  to  lay  stress  on  so  complex  a 
formula. 

The  action  of  sulphuretted  hydrogen  on  the  precipitated  sulphide 
is  of  considerable  interest.  It  does  not  seem  to  depend  on  agitation  of 
the  liquid,  though  this,  of  course,  aids  solution.  Washed  mercuric 
sulphide  left  in  contact  with  sulphuretted  hydrogen  water  will  show 
signs  of  solution  after  about  half  an  hour.  It  is  particularly  note- 
worthy that  mercuric  sulphide,  after  boiling  with  water,  is  still 
capable  of  thus  being  acted  upon  by  sulphuretted  hydrogen.  After 
drying  at  100°,  it  loses  this  capacity. 

II.  Mercury  Precipitates  in  Presence  of  Acid. — In  these  cases,  the 
sulphide  was  precipitated  from  the  chloride,  sometimes  with,  some- 
times without,  the  addition  of  acid.  The  precipitate  thus  obtained 
contains  so  small  an  amount  of  combined  sulphuretted  hydrogen  that 
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it  was  necessary  to  have  very  complete  proof  of  its  existence.  In  the 
general  statement  of  results,  the  examination  of  this  sulphide  has 
been  referred  to.  It  is  only  necessary  to  add  here  that  the  product, 
thongh  evidently  of  great  molecular  complexity,  appears  on  the 
evidence  to  be  a  definite  compound.  It  has  yielded  concordant 
results,  and  possesses  very  remarkable  stability.  Thus,  when  pre- 
cipitated at  65°,  it  still  retains  its  original  composition.  It  withstood 
extraction  with  carbon  bisulphide,  and  the  prolonged  washings  with 
water  and  alcohol  which  this  entailed.  It  also  withstood  drying  in  a 
vacuum,  and  when  subsequently^  heated  in  a  stream  of  pure  hydrogen 
at  105°,  took  more  than  15  hours  to  lose  the  whole  of  its  Yery  small 
quantity  of  combined  sulphuretted  hydrogen. 

The  following  is  a  description  of  the  methods  employed  in  each 
experiment,  the  numerical  results  being  given  below  : — 

1.  100  c.c.  of  the  boiled  solution  were  allowed  to  run  into  100  c.c. 
of  sulphuretted  hydrogen  water  kept  at  65°.  The  precipitate  was 
washed  twice  with  water  at  65°  and  once  with  water  at  10°. 

2.  100  c.c.  of  the  boiled  solution  acidified  with  1  drop  of  acid  were 
allowed  to  run  into  100  c.c.  of  saturated  sulphuretted  hydrogen  water. 
Temperature  7°. 

3.  Precipitated  in  the  ordinary  way  by  passing  sulphuretted 
hydrogen  through  the  solution.  The  precipitate  was  extracted  with 
carbon  bisulphide.  In  extracting  the  wet  precipitates,  we  washed 
first  with  alcohol,  and  then  with  a  mixture  of  alcohol  and  amyl 
alcohol,  which  mixes  very  readily  both  with  water  and  carbon  bi- 
sulphide. This  is  much  more  satisfactory  than  the  use  of  alcohol 
and  ether.  This  experiment  shows  that  the  same  compound  is 
formed  on  passing  sulphuretted  hydrogen  through  the  solution  of 
mercuric  chloride  as  when  the  latter  is  allowed  to  run  into  sulph- 
uretted hydrogen  water. 

4.  100  c.c.  of  mercuric  chloride  solution  acidified  with  2  drops  of 
hydrochloric  acid  were  allowed  to  run  into  100  c.c.  of  sulphuretted 
hydrogen.  All  the  liquids  had  been  boiled.  A  solution  was  at  first 
formed,  but  soon  deposited  mercuric  sulphide.  The  filtration  was 
conducted  in  coal  gas  according  to  the  method  described  under  copper. 
Temperature  of  precipitation,  11°. 

5.  In  this  experiment,  it  was  resolved  to  sabmit  the  precipitate  to 
every  possible  test,  in  order  to  remove  every  shadow  of  doubt  of  its 
containing  combined  sulphuretted  hydrogen.  The  precipitate  was 
collected  in  a  Gooch's  crucible.  It  was  first  washed  free  from  sulph- 
uretted hydrogen  with  water,  then  washed  in  succession  with  absolute 
alcohol,  and  next  with  a  mixture  of  ethyl  and  amyl  alcohols,  treated 
first  two  or  three  times  with  carbon  bisulphide,  with  which  it  was 
allowed  to  remain   in   contact,  and  finally  w^ashed   completely  free 
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from  carbon  bisulphide  witli  alcohol  and  amyl  alcohol.  The  alcohol 
was  then  almost  entirely  removed  by  suction.  The  craciblewas  next 
placed  in  a  desiccator,  which  was  exhausted  by  means  of  a  good  filter- 
pump  ;  after  an  hour  or  two,  the  precipitate  was  quite  dry,  and  was 
weighed.     The  weight  of  substance  was  found  to  be  1"5285  grams.* 

The  crucible  was  -then  introduced  into  the  heating  apparatus,  and 
heated  for  from  15  to  20  hours.  After  heating,  the  mercuric  sulphide 
left  was  weighed.  On  the  particular  solution  used,  the  calculated 
amount  was  1-5226  grams ;  found,  1-5190  grams. 

6.  In  this  case,  the  wet  sulphide  was  dried  in  hydrogen.  The  loss 
o£  sulphuretted  hydrogen  was  much  more  rapid,  and  seems  to  be 
greatly  aided  by  the  water  present.  No  more  sulphuretted  hydrogen 
was  evolved  after  2 J  hours'  heating.  The  mercuric  sulphide  was  in 
this  case  also"  weighed.  Calculated,  1-3476  grams  ;  found,  1-3444 
grams. 

7.  In  this  experiment  also,  the  sulphide  was  dried  in  a  current  of 
hydrogen.  •  The  sulphide  was  probably  not  so  moist,  and  took  longer 
to  lose  its  sulphuretted  hydrogen.      The  time  of  heating  was  8  hours. 

In  the  numbers  given  below,  the  normal  amount  of  barium  sulphate 
cahiulated  for  HgS  is  added  on  to  the  excesses  obtained  in  those 
experiments  where  the  hydrosulphide  was  heated  in  hydrogen.  For 
the  sake  of  comparison,  they  are  all  reduced  to  quantities  obtainable 
from  the  same  same  solution  of  mercuric  chloride,  though,  as  a  matter 
of  fact,  the  experiments  were  done  on  different  solutions  : — 

BaS04  calculated  for  HgS,  1-6678  grams  ;  found  : — 


(1.)  1-6906 
(2.)  1-6917 
(3.)  1-6956 
(4.)  1-6916 


(5.)  1-6961 
(6.)  1-6926 
(7.)  1-6904 


It  may  be  pointed  out  that  in  Experiment  5,  we  have  guarded 
against  the  criticism  that,  on  heating  the  wet  sulphide,  sulphuretted 
hydrogen  might  be  eyolved  by  its  reaction  with  water.  For  in  this 
case  the  sulphide  was  already  dry,  but  when  heated  in  dry  hydrogen, 
continued  to  give  off  sulphuretted  hydrogen  for  about  17  hours. 

From  the  above  numbers  we  see  that  the  excess  of  sulphur  found 
is  about  1^  per  cent,  on  the  total  quantity  calculated  for  HgS.  It 
is  of  course  impossible  to  assign  a  formula  to  such  a  compound, 
but  its  approximate  composition  and  relation  to  the  higher  hydro- 
sulphide,  already  discussed,  may  be  remembered  from  the  formula 
62HgS,H2S. 

*  In  another  experiment  on  the  same  amount,  which  was  not  concluded,  the 
weight  of  substance  found  was  1*5275  grams. 
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III.  Some  experiments  were  made  with  a  view  to  obtain  the 
mercury  hydrosulphide  solution  in  presence  of  acid.  The  mercuric 
chloride  solution  was  allowed  to  run  into  considerable  excess  of 
sulphuretted  hydrogen  water.  On  passing  a'  current  of  hydrogen 
through  this  liquid,  however,  the  sulphide  was  usually  precipitated,, 
and  the  results  were  not  concordant. 

Conclusion. — The  above  experiments  with  mercury,  like  those  with 
copper,  suggest  a  very  complicated  formula  for  the  molecule  of 
mercuric  sulphide.  Indeed,  supposing  the  precipitate  to  be  a  definite- 
compound,  the  molecule  (HgS),,  must  have  a  value  for  n  certainly 
not  lower  than  62.       . 

Arsenic* 

In  this  case,  after  a  great  many  trials,  and  the  use  of  various 
methods,  all  attempts  to  obtain  definite  or  concordant  results  had  to 
be  abandoned.  The  fact  is,  however,  established  that  arsenic  tri- 
sulphide  does  combine  with  sulphuretted  hydrogen,  although  the 
amount  is  very  small  and  the  product  is  of  varying  composition. 

I.  Solution  in  Absence  of  Acid. — For  this  purpose  arseiiious  acid  is 
dissolved  in  hydrogen  potassium  tartrate,  and  the  liquid  treated 
with  sulphuretted  hydrogen.  When  fairly  dilute,  a  perfectly  clear 
solution  is  obtained,  which  is  highly  fluorescent.  •  This  was  freed 
from  sulphuretted  hydrogen  by  a  current  of  hydrogen  as  in  the  other 
cases.     Soda  was  added,  and  the  sulphide  oxidised  by  chlorine. 


BaS04  found. 

BaS04  calculated. 

Excess  per  cent. 

(1.)  2-6526  grams. 

2-5612  grams. 

3-6 

(2.)  2-6365       „ 

2-5612       „ 

2-9 

(3.)  2-8776       „ 

2-8249       „ 

1-8 

(4.)  2-9113       „ 

2-8249       „ 

3-6 

In  1  and  2  a  solution  was  used  containing  1-8137  grams  of  arsenious 
oxide  in  500  c.c. ;  200  c.c.  of  this  were  used  in  each  experiment.  In 
3  and  4,  4-0011  grams  of  arsenious  oxide  are  dissolved  in  500  c.c.  of 
water,  and  100  c.c.  used  in  each  experiment. 

Some  of  the  hydrosulphide  solution  was  boiled  without  producing 
any  precipitation.  The  boiling  was  continued  till  no  appreciable 
quantity  of  sulphuretted  hydrogen  was  evolved.  The  analysis  gave 
a  result  too  low  for  AssS.,.  (Compare  the  work  of  Clermont  and 
Frommel  mentioned  in  the  Introduction). 

II.  Solution  in  Presence  of  Hydrochloric  Acid. — In  these  experiments 
arsenious  acid  was  dissolved  in  soda,  the  solution  made  slightly  acid 
with  hydrochloric  acid,  and  then  allowed  to  run  into  sulphuretted 
hydrogen  water.     100  c.c.  of  the  arsenic  solution  was  allowed  to  run 
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into  sulphuretted  hydrogen  water,  and  a  current  of  hydrogen  was 
then  passed  through  the  solution  for  3|  hours. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

(1.)  8-1600  grams.  2-9126  grams.  4-6 

(2.)  1-8832      „  1-8170       „  3-6 

III.  Precipitate  in  Presence  of  Acetic  Acid. — Arsenious  acid  was 
dissolved  in  soda  and  made  acid  with  acetic  acid,  then  precipitated 
by  sulphuretted  hydrogen. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

(1.)   6-4072  grams.  6-1351  grams.  4-4 

IV.  Precipitate  in  Presence  of  Hydrochloric  Acid. — The  arsenite  was 
in  these  cases  acidified  with  hydrochloric  acid  sufficient  to  bring 
about  precipitation. 


BaS04  found. 

BaS04  calculated. 

Excess  per  cent. 

(1.)    1-2522: 

grams. 

1-2158  gi 

•ams. 

2-9 

(2.)  1-3996 

1-3726 

1-9 

(8.)  2-9661 

2-9126 

1-8 

(4.)  2-6817 

2-6538 

11 

(5.)  1-8600 

1-8170 

2-4 

(6.)  2-7112 

2-6538 

2-2 

In  Experiment  6,  the  arsenic  was  precipitated  from  acid  solution  by 
calcium  chloride.  In  4,  the  arsenic  was  allowed  to  run  into  sulph- 
uretted hydrogen  water,  hydrochloric  acid  added  to  cause  precipita- 
tion, about  1  c.c.  of  acid  being  used,  and  the  precipitate  collected  on 
a  Gooch's  crucible.  Ifc  was  then  heated  in  a  current  of  hydrogen. 
At  the  end  of  3^  hours,  all  evolution  of  sulphuretted  hydrogen  had 
ceased.  The  large  amount  of  acid  probably  lowered  the  result. 
Weight  of  sulphide  after  heating,  0  9370  gram.  Calculated  for 
AS2S3,  0-9340  gram.  In  Experiment  5,  the  sulphide  was  collected  on 
filter  paper,  and  then  dried  in  a  current  of  hydrogen. 

To  see  whether  the  compound  would  retain  its  sulphuretted 
hydrogen,  some  of  the  sulphide  was  dried  in  a  vacuum.  Final  weight, 
0-9415  gram.  It  was  heated  at  115°,  when  sulphuretted  hydrogen 
was  evolved,  the  precipitate  losing  4  milligrams  in  weight.  Weight 
of  sulphide  obtained,  0-9375  gram ;  calculated,  0-9340  gram. 

Conclusion. — The  formula  about  which  the  composition  of  the 
arsenic  solutions  oscillates  is  8 As2 83,1128,  which  gives  an  excess  of 
sulphur  of  a  little  over  4  per  cent.  The  approximate  formula  for 
the  precipitates  in  presence  of  hydrochloric  acid  will  thus  be 
16As283,H2S. 
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Cadmium . 

Pare  cadmium  oxide  was  obtained  by  igniting  the  carbonate.  This 
was  dissolved  in  hydrochloric  acid  and  made  up  to  a  known  volume. 

I.  Treatment  of  the  Hydrate  with  Sulphuretted  Hydrogen. — It  has 
not  yet  been  found  possible  to  get  the  hydrate  completely  acted  on  by 
sulphuretted  hydrogen.  But  the  experience  with  zinc  has  shown 
that  in  these  cases  all  depends  on  the  state  in  which  the  hydrate  is 
precipitated. 

In  the  experiments  made  with  cadmium,  the  precipitation  of  the 
hydrate  was  effected  by  adding  sodium  hydrate  to  the  cadmium 
solution.  A  qualitative  experiment  was  made  by  allowing  the  cad- 
mium solution  to  run  into  caustic  soda.  The  hydrate  so  obtained 
was  treated  with  sulphuretted  hydrogen  water  cooled  by  ice.  It  was 
only  very  partially  dissolved  after  long  standing. 

The  sulphide  is  not  soluble  in  sulphuretted  hydrogen  water  to  any 
noteworthy  extent. 

II.  The  neutralised  solution  was  allowed  to  run  into  sulphuretted 
hydrogen  water.  A  yellow,  fluorescent  solution  was  obtained,  but 
when  this  was  freed  from  dissolved  sulphuretted  hydrogen  by  a 
current  of  hydrogen,  it  always  deposited  a  precipitate,  and  no  analysis, 
of  the  solution  could  thus  be  obtained. 

III.  The  precipitates  obtained  by  two  different  methods  gave 
concordant  results,  though  the  excess  of  sulphuretted  hydrogen  is 
small. 

1.  100  c.c.  of  the  cadmium  solution  were  allowed  to  run  into  sulph- 
uretted hydrogen  water.  A  solution  of  the  hydrosjilphide  was  thus 
obtained,  and  was  precipitated  by  the  addition  of  ammonium  chloride. 
It  was  then  filtered  through  a  Gooch's  crucible,  and  heated  in  the 
apparatus  above  described.  In  this  case,  the  precipitate  was  probably 
fairly  dry,  owing  to  the  suction  of  the  filter-pump.  Snlphuretted 
hydrogen  only  ceased  being  evolved  after  heating  for  20  hours. 

2.  100  c.c.  were  diluted  to  about  200  c.c.  and  precipitated  directly 
by  passing  a  current  of  sulphuretted  hydrogen  through  the  solution 
slightly  acid  with  hydrochloric  acid.  The  sulphide  was  here  also 
collected  on  a  crucible,  and  dried  in  a  current  of  hydrogen.  The 
drying  in  this  case  occupied  only  about  If  hours.  The  sulphide  left, 
was  weighed.     Found,  0*5926  gram ;    calculated,  0*5923  gram. 

Cadmium  oxide  taken.         Calculated  BaS04.  Excess  BaS04. 

(1.)  0*5265  gram.  0*9584  gram.  0*0429  gram. 

(2.)  0*5265       „  0*9584       „  0*0427      „ 

This  gives  an  excess  of  4*47  per  cent,  on  the  total  calculated  sulphur. 
This  corresponds  with  the  formula  22CdS,H2S,  which,  however,  is 
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nothing  more  than  a  convenient  way  of  expressing  percentage  com- 
position. 

Zi7ic. 

Crystallised  zinc  sulphate  was  powdered  and  dried  at  110°  till  its 
weight  was  constant.  The  zinc  sulphate  was  then  weighed  as  the 
hydrate  ZnS04,H20. 

I.  Treatment  of  Zinc  Sydrate  with  Sulphuretted  Hydrogen. — This 
has  not  afforded  constant  results.  In  the  first  experiments,  the 
hydrate  was  precipitated  by  adding  soda  to  the  zinc  sulphate  solution 
till  it  was  just  alkaline.  The  hydrate,  after  careful  washing,  was 
treated  with  sulphuretted  hydrogen  and  water. 

1.  In  this  case,  the  hydrate  was  left  for  a  few  hours  in  contact 
with  sulphuretted  hydrogen,  the  solution  being  cooled  with  ice. 

!BaS04  found.  Calculated.  Excess  per  cent. 

1-4786  grams.  1-2870  grams.  14-7 

2.  In  one  case,  when  the  hydrate  was  very  carefully  precipitated,  it 
came  down  in  a  very  gelatinous  condition,  and  on  treatment  in  ice 
with  sulphuretted  hydrogen  water,  it  dissolved  completely  in  a  few 
hours,  forming  a  solution  clear  by  transmitted  light,  but  by  reflected 
light  having  a  slightly  bluish  opalescence.  On  passing  a  current  of 
hydrogen  through  this,  however,  it  was  precipitated. 

Weight  of  zinc  oxide  used,  0-6639  gram. 

BaS04  found.  Calculated.  Excess  per  cent. 

0-9420  gram.  0-8642  gram  9-0 

3.  A  number  of  ineffectual  attempts  were  made  to  re -obtain  this 
soluble  hydrate.  In  one  case,  the  carefully  precipitated  hydrate  was 
treated  with  sulphuretted  hydrogen  water  in  ice,  and  then  left  all 
night  surrounded  with  ice.  Next  day  it  was  re-saturated  with  sulph- 
uretted hydrogen.  No  solution  was  formed,  and  the  sulphuretted 
hydrogen  was  then  expelled  by  a  current  of  hydrogen  in  2|  hours. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

0-7587  gram.  0-6592  gram.  13-0 

A  new  method  was  sought  for  obtaining  the  translucent  hydrate, 
and  the  following  mode  of  procedure  was  found  to  answer  best : — 
The  solution  of  zinc  is  allowed  to  run  into  excess  of  caustic  soda,  by 
which  it  is  completely  dissolved.  The  excess  of  soda  is  now  neutra- 
lised by  adding  dilute  hydrochloric  acid,  whereupon  the  zinc  hydrate 
is  precipitated  in  a  very  gelatinous  and  translucent  condition.  The 
precipitate  is  readily  washed  free  from  adherent  salts.     The  complete 


SOME  METALLIC  HYDROSULPHIDES.  131 

absence  of  sulpliate  in  the  washed  hydrate  was  shown  by  dissolving  it 
in  hydrochloric  acid,  and  testing  with  baric  chloride ;  no  trace  of 
precipitate  was  obtained.  To  prepare  the  gelatinous  hydrate,  it  is 
advisable  not  to  operate  with  large  quantities  of  zinc  salt  at  one  time. 
Slow  precipitation  only  produces  a  more  granular  precipitate. 

4.  50  c.c.  of  a  different  solution  were,  in  this  case,  allowed  to  run 
into  caustic  soda.  The  precipitate  obtained  as  above  described  was 
washed  completely  free  from  sulphate  and  chloride,  and  then  washed 
off  the  filter-paper  into  a  Drechsel's  bottle.  The  residual  zinc,  in- 
cluding that  in  the  filtrate  from  the  hydrate,  was  estimated.  The 
hydrate  was  treated  with  300  c.c.  of  water  and  sulphuretted  hydrogen, 
after  cooling  with  ice.  It  did  not  dissolve  the  same  day,  but  was  left 
in  ice  over  night.  By  next  morning  it  had  dissolved  to  a  clear  solu- 
tion, having  by  reflected  light  somewhat  the  appearance  of  a  filtered 
starch  solution.  A  current  of  hydrogen  was  passed  through  the 
solution  for  3f  hours ;  by  this  time  there  was  only  a  very  feeble 
reaction  for  sulphuretted  hydrogen  in  the  issuing  gas,  certainly  not 
sufficient  to  indicate  an  appreciable  amount  of  dissolved  gas  in  the 
liquid.  The  solution  still  remained  perfectly  clear.  The  sulphur 
was  oxidised  in  the  usual  way. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

0-2811  gram.  0-2485  gram.  12-9 

5.  In  another  case  a  nearly  complete  solution  of  the  hydrosulphide 
was  obtained. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

0-2982  gram.  0-2589  gram.  15 

Precipitated  zinc  sulphide  retains  combined  Avater,  and  the  com- 
pound formed  in  the  present  case  is,  therefore,  probably  a  hydroxy- 
hydrosulphide.  It  is  impossible  to  give  a  definite  formula  to  this 
hydrosulphide,  but  its  composition  is  approximately  that  of  7ZnS,H2S. 
Copper,  it  will  be  remembered,  gave  the  definite  hydrosulphide 
7CuS,H2S. 

II.  Precipitate  in  Presence  of  Acid. — Zinc  was  precipitated  in  pre- 
sence of  acetic  acid. 

BaS04  found.  BaS04  calculated. 

(1.)  0-4961  gram.  0-4594  gram. 

(2.)  0-4961       „  0-4594      „ 

This   yields    about   8   per    cent,    excess,    or    expressing   it    by   a 
formula- 
Sulphur  calculated  for 
Sulphur  found.  12ZnS,H2S. 

34*7.  per  cent.  35-6 
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The  agreement  with  this  formula  is  far  closer  than  with  any  other 
simple  one. 

Precipitated  zinc  sulphide  is  known  to  contain  combined  water. 
The  composition  of  the  air-dried  precipitate  is  given  as  3ZnS,2H20. 
According  to  this,  the  precipitated  sulphide  would  have  the  formula 
12ZnS,H2S,6H30.* 

Bismutli. 

With  this  metal,  we  have  obtained  no  evidence  of  the  formation  of 
any  hydrosulphide. 

I.  Treatme7it  of  Hydrate  with  Sulphuretted  Hydrogen. — Pare  bis- 
muth oxide  was  dissolved  in  nitric  acid,  and  the  nitrate  allowed  to 
run  into  strong  ammonia.  The  hydrate  so  obtained  did  not  contain 
any  nitrate.  It  was  treated  with  water  and  sulphuretted  hydrogen, 
and  left  for  six  days  in  a  closely- stoppered  bottle.  One  sample  so 
obtained  gave  about  0*5  per  cent,  excess  on  the  total  sulphur. 

Another  was  collected  in  a  crucible,  and  heated  in  hydrogen.  No 
sulphuretted  hydrogen  was  evolved,  the  soda,  on  oxidation,  containing 
no  trace  of  sulphate. 

The  product  of  this  reaction  seems,  therefore,  to  be  BisSg. 

II.  Bismuth  Precipitates. — A  solution  of  bismuth  chloride  was 
treated  with  sulphuretted  hydrogen,  and  the  precipitate  so  obtained 
oxidised. 


BaS04  found. 

BaS04  calculated. 

Excess  per  cent. 

(1.)  0-8735  gram. 

0-8775  gram. 

0 

(2.)  0-8788      „ 

0-8775      „ 

0 

It  is  thus  evident  that  the  bismuth  sulphide  is  precipitated,  quite 
uncombined  with  any  sulphuretted  hydrogen.  It  was  at  first  thought 
that  the  large  amount  of  acid  necessarily  present  might  account  for 
this  result,  but  the  results  obtained  with  the  hydrate  do  not  confirm 
that  suspicion. 

Silver. 

No  method  of  preparing  a  definite  hydrosulphide  in  the  case  of 
silver  has  been  found. 

I.  Treatment  of  the  Hydrate. — It  has  been  shown  by  Carnelley  and 
Walker  that  silver  hydrate,  AgOH,  is  stable  up  to  a  temperature  of 
100°.  We,  therefore,  decided  to  try  the  action  of  sulphuretted 
hydrogen  on  the  freshly-precipitated  hydrate.     But  even  af fcer  very 

*  This  formula  makes  allowance  for  the  loss  of  weight  due  to  sulphuretted 
hydrogen,  and  reckoned  as  water  in  earlier  experiments. 
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prolonged  treatment  the  resulting  compound  did  not  show  a  percent- 
age of  sulphur  perceptibly  higher  than  that  required  for  AgjS. 

1.  Left  from  Thursday  till  Monday  in  contact  with  sulphuretted 
hydrogen  water. 

2.  Left  from  Friday  till  Monday  in  contact  with  sulphuretted 
hydrogen  water. 

3.  Left  six  weeks  in  contact  with  sulphuretted  hydrogen  water. 
4s.  Left  four  weeks  in  contact  with  sulphuretted  hydrogen  water. 

BaS04  found.  BaS04  calculated. 
(1.)  0-9697  gram.  0*9647  gram. 

(2.)  1-0704      „  1-0855      „ 

(3.)  0-7346      „  0-7265      „ 

(4.)  0-9919      „  0-9836      „ 

The  final  reaction  between  silver  hydrate  and  sulphuretted  hydro- 
gen seems,  therefore,  to  consist  in  the  formation  of  the  sulphide, 
AgjS,  It  may  be  noted  that  these  experiments  show  that,  even  on 
prolonged  treatment,  the  precipitation  of  any  noticeable  amount  of 
sulphur  can  be  avoided. 

II.  Silver  Solutions. — 1.  Sodium  acetate  was  added  to  the  silver 
nitrate  solution,  to  prevent  the  liberation  of  nitric  acid.  50  c.c.  of 
the  solution  was  boiled,  and,  on  cooling,  allowed  to  run  into  saturated 
sulphuretted  hydrogen  water,  prepared  from  boiled  water.  The 
sulphuretted  hydrogen  was  then  driven  out  by  a  current  of  hydrogen. 

2.  50  c.c.  of  silver  nitrate  solution  were  allowed  to  run  into  sulph- 
uretted hydrogen  water. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

(1.)  0-5100  gram.  0-4718  gram.  8-1 

(2.)  0-5159      „  0-4981      „  3-6 

III.  Precipitates. — All  that  can  be  said  about  the  silver  precipitates 
is  that  they  contain  sulphuretted  hydrogen.  Thus,  in  one  case,  we 
had  BaSO*  found,  04625  gram ;  calculated,  0*4112  gram. 

Antimony. 

With  antimony,  as  with  arsenic,  it  baa  proved  impossible  to  obtain 
very  definite  results.  The  sulphide  retains  a  small  but  unmistakable 
amount  of  combined  sulphuretted  hydrogen. 

I.  Neutral. — In  these  experiments,  a  solution  of  tartar  emetic  was 
used,  and,  after  saturation  with  sulphuretted  hydrogen  was  treated 
with  a  current  of  hydrogen.  The  sulphide  was  oxidised  in  the  usual 
way.     After  evaporation  on  the  water- bath,  a  precipitate  of  barium 
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chloride  was  filtered  off.     This  was  always  examined  for  sulphur  or 
basic  sulphate,  of  which  it  sometimes  contained  traces. 

Before  precipitation  with  barium  chloride,  the  antimony  was  de- 
posited on  platinum.  This  was  found  to  be  absolutely  necessary, 
the  barium  sulphate  exhibiting  an  invincible  tendency  to  carry  down 
large  quantities  of  antimony,  which  could  only  be  extracted  from  it 
by  fusion  with  soda. 

1.  Solution  of  the  sulphide,  obtained  as  above. 

2.  Precipitate  obtained  from  the  neutral  sulphide  solution  by 
addition  of  calcic  chloride. 

BaS04  found.  BaS04  calculated.         Excess  per  cent. 

(1.)  1-1858  grams.  1-1608  grams.  2-1 

(2.)  0-641         „  0-627        „  2-2 

Prolonged  treatment  of  antimony  sulphide  with  sulphuretted 
hydrogen  water  did  not  effect  any  solution. 

II.  In  Presence  of  Acid. — 1,  100  c.c.  of  tartar  emetic  solution  was 
allowed  to  run  into  sulphuretted  hydrogen  water  acid  with  acetic 
acid.  The  precipitation  was  completed  by  the  addition  of  ammonium 
chloride.  The  barium  sulphate  obtained  was  fused  with  soda.  Only 
a  trace  of  antimony  (which  had  escaped  precipitation)  was  discovered 
in  it. 

2.  A  similar  experiment ;  but  in  this  case  the  barium  sulphate  con- 
tained no  trace  of  antimony. 

BaS04  found.  BaS04  calculated.  Excess  per  cent. 

(1.)  0-8974  gram.  0-8600  gram.  4-4 

(2.)  0-9028      „  0-8600      „  4-9 

It  is  curious  that  in  this  case  a  higher  hydrosulphide  seems  to  be 
formed  in  presence  of  acid. 

To  confirm  the  presence  of  combined  sulphuretted  hydrogen,  some 
of  the  sulphide,  after  careful  washing,  was  treated  with  absolute 
alcohol  on  a  Gooch's  crucible  and  then  heated.  Owing  to  a  defect  in 
the  apparatus,  the  experiment  could  not  be  made  quantitative,  but 
the  sulphide  continued  to  give  off  sulphuretted  hydrogen  for  several 
hours. 

Indium. 

It  was  found  very  difficult  to  deal  with  the  sulphide  of  this  metal, 
but  the  following  experiment  is  worthy  of  note. 

Indium  oxide  was  dissolved  in  hydrochloric  acid,  precipitated  by 
ammonia,  and  the  hydrate  treated  with  sulphuretted  hydrogen. 

For   10   minutes    the   colour    remairied   white;    it   then    gradually 
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phanged  to  a  pale-yellow  tint.  It  was  left  saturated  with  sulphuretted 
hydrogen  at  0°,  still  retaining  its  pale-yellow  colour.  After  an  hour, 
it  was  freed  from  sulphuretted  hydrogen  by  means  of  a  current  of 
hydroofen,  the  colour  being  observed  to  gradually  deepen  till  it  had 
the  full  yellow  tint  of  indium  sulphide.  After  2^  hours,  only  a  very 
faint  reaction  for  sulphuretted  hydrogen  was  obtained. 

BaS04  found.  Calculated  for  luaSs. 

0-9575  gram.  09760  gram. 

The  decomposition  has  thus  not  only  broken  down  the  hydro- 
sulphide,  but  is  attacking  the  IU3S3  itself.  The  interest  of  this  ex- 
periment lies  in  the  formation  of  the  white  compound  from  the 
hydrate  ;  this  is  very  probably  the  normal  hydrosulphide,  and  the 
experiment  suggests  that  in  other  cases  where  sulphuretted  hydrogen 
acts  on  a  metallic  hydrate,  it  is  not  the  sulphide,  but  the  hydrosulph- 
ide, which  is  first  formed.  Thus,  with  copper,  we  do  not  have  the 
sulphate  formed  and  then  taking  up  the  sulphuretted  hydrogen,  but 
we  have  the  hydrosulphide  first  formed  and  then  breaking  down.  In 
the  case  of  silver,  on  the  other  hand,  the  sulphide  AgjS  appears  to  be 
formed  by  the  action  of  sulphuretted  hydrogen  on  the  hydrate,  but 
in  this  case  the  action  proceeds  no  further. 

The  same  white  indium  compound,  as  is  well  known,  is  formed  by 
treating  indium  sulphide  with  ammonium  hydrosulphide. 

Gold, 

Our  experiments  on  gold  hydrosulphide  were,  unfortunately,  made 
while  we  were  unacquainted  with  the  thorough  work  of  Ludwig 
Hoffmann  and  Gerhard t  Kriiss  on  the  sulphides  of  gold.  As  we 
assumed  the  formation  of  the  trisulphide,  AujSa,  this  deprives  onr 
results  of  any  quantitative  value.  There  is,  however,  little  doubt  that 
gold  sulphide  has  the  power  of  combining  with  sulphuretted  hydrogen, 
for,  on  drying  the  precipitated  sulphide  at  100°,  distinct  evidence  of 
the  evolution  of  the  gas  is  obtained. 

Our  sulphides  were  obtained  by  allowing  the  gold  solution  to  flow 
into  sulphuretted  hydrogen  water  kept  continually  saturated  by  a 
current  of  the  gas.  Under  these  circumstances,  and  in  absence  of 
excess  of  acid,  a  deep-brown  solution  of  gold  sulphide  is  obtained, 
which  precipitates  either  on  standing  for  some  hours  or  on  treatment 
with  acid. 

The  following  experiment,  which  we  have  not  yet  been  able  to  re- 
peat, was  performed  with  a  precipitate  thus  obtained.  The  sulphide 
was  carefully  extracted  with  carbon  bisulphide.  In  washing  the 
precipitate,  a   mixture    of   alcohol   and  amyl   alcohol  was  used  ;    a 

L  2 
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solution  of  carbon  bisulphide  in  the  mixture  acts  as  a  rapid  solvent 
of  sulphur. 

BaS04  found.  Calculated  for  AuoSg.       Calculated  for  AuoSg. 

1-1200  grams.  1'2190  grams.  0*8126  gram.' 

It  is  quite  possible  that  we  may  here  be  dealing  with  a  mixture  of 
sulphides.     This  must  be  determined  by  further  investigation. 

Summary. 

Though  as  yet  incomplete,  the  following  points  seem  already 
proved  by  the  above  research  : — 

1.  Of  the  metals  precipitable  by  sulphuretted  hydrogen  almost  all 
are  capable  of  forming  hydrosulphides. 

2.  These  hydrosulphides  are  in  some  cases  definite  compounds  of 
considerable  stability,  though  of  high  molecular  weight. 

3.  The  action  of  acids  seems,  as  a  rule,  to  be  to  cause  these 
hydrosulphides  to  lose  part  of  their  sulphuretted  hydrogen  and  thus 
to  produce  compounds  of  higher  and  higher  molecular  weight. 

4.  That  by  dissolving  the  precipitated  sulphates  in  sulphuretted 
hydrogen  water,  or  other  means,  solutions  of  these  hydrosulphides 
may  be  obtained,  which  sometimes  exhibit  no  tendency  to  deposit  a 
precipitate  even  after  months  of  keeping. 

5.  The  experiments  tend  also  to  support  the  conclusions  that  the 
sulphides  themselves  are  in  most  cases  polymerides  of  a  very  high 
molecular  weight. 

6.  Among  others,  hydrosulpliides,  the  composition  of  which  agrees 
more  or  less  exactly  with  the  following  formulae,  have  been 
obtained : — 

Copper  ....      7CuS,H2S  ;  9CuS,H3S  ;  22CuS,H2S. 
Mercury  . . .      31HgS,H2S  ;  62HgS,H3S. 

7.  Bismuth  appears  to  be  incapable  of  forming  a  hydrosulphide. 

University  College^ 

London. 
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X. — The  Physical  Constitution  of  some  Sulphide  Solutions. 
By  Harold  Picton-. 

The  difficulty  of  ensuring  the  complete  precipitation  of  certaiu  "  in- 
soluble "  metallic  sulphides  has  long  been  known.  There  has,  how- 
ever, been  little  or  no  systematic  examination  of  the  solutions  of 
"  insoluble  "  sulphides.  In  the  previous  paper,  it  has  been  shown  that 
such  sulphide  solutions,  of  not  inconsiderable  strength,  may  be  very 
easily  obtained.  I  may  here  briefly  recapitulate  the  methods 
employed  : — 

1.  The  metallic  solution  is  allowed  to  run  into  sulphuretted 
hydrogen  water  kept  saturated  by  a  stream  of  the  gas.  It  may  then 
be  freed  from  uncombined  sulphuretted  hydrogen  by  a  current  of 
hydrogen,  or  dialysed  to  free  it  from  salts. 

2.  The  metallic  hydrates  are  suspended  in  water  and  treated  with 
sulphuretted  hydrogen. 

'd.  The  metallic  sulphides,  in  a  freshly  precipitated  state,  are  sus- 
pended in  water  and  treated  with  sulphuretted  hydrogen. 

These  methods  are  used  according  as,  in  the  particular  case,  one  or 
other  is  most  applicable.  The  solutions  obtained  have  been  shown 
in  the  previous  paper  to  contain  combined  sulphuretted  hydrogen,  to 
be,  in  fact,  solutions  of  hydrosulphides. 

By  the  first  method  we  may  obtain  the  solution  of  any  metallic 
sulphide  provided  no  great  excess  of  acid  be  present.  The  second 
method  is  not  always  applicable,  but  has  been  used  by  us  in  the  case 
of  copper  and  zinc.  The  third  method  is  applicable  to  mercury  or 
copper.  To  give  a  general  idea  of  the  strength  of  these  solutions,  the 
following  facts  may  be  mentioned.  An  arsenide  acidified  with  hydro- 
chloric acid,  if  allowed  to  run  into  sulphuretted  hydrogen  water,  will 
readily  give  a  solution  containing  about  5  grams  of  sulphide  in  the 
litre,  whilst  in  the  case  of  mercuric  sulphide,  a  solution  containing 
about  10  grams  of  sulphide  to  the  litre  is  readily  obtainable.  The 
question  naturally  suggests  itself,  Are  these  apparent  solutions 
actually  solutions,  or  do  they  merely  contain  the  solid  in  a  very  fine 
state  of  suspension  ?  When  fairly  dilute  and  free  from  salts,  some 
of  the  sulphides  show  no  symptoms  of  settling,  even  after  several 
months.  But  the  addition  of  salts  or  acid  will  often  ensure  rapid 
precipitation.  On  the  other  hand,  the  re-solubility  of  some  of  the 
sulphides  after  precipitation  closely  simulates  true  solution ;  for  in- 
stance, on  treating  mercuric  sulphide  with  sulphuretted  hydrogen 
water,  the  sulphide  redissolves.  It  is,  at  first  sight,  difficult  to  believe 
tliat  the  sulphuretted  hydrogen  should  have  power  to  cause  very  fine 
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md  suspension  of  the  sulphide,  but  be  unable  to  produce 
t)lution. 

^ jns  like  these  made  it  seem  advisable  to  undertake  a  thorough 

investigation  into  the  physical  character  of  these  solutions,  which 
promised  results  of  no  little  interest. 

The  solutions  chosen  for  examination  were  those  of  mercury, 
arsenic,  and  antimony  sulphides. 

In  general  terms,  the  results  obtained  are  as  follows  : — In  the  three 
cases  under  examination,  the  fact  has  been  established  that  they  are 
composed  entirely  of  very  minute,  solid  particles  or  of  very  large 
molecular  aggregates.  In  all  cases  the  particles  are  large  enough  to 
give  results  with  Tyndall's  experiment  with  a  beam  of  light.  They 
are,  however,  small  enough  in  some  cases  to  simulate  the  phenomena 
of  liquid  diffusion  (in  the  absence  of  any  membrane).  They  afford 
a  series  proceeding  from  what  is  more  easily  proved  to  be  pseudo- 
solution  to  matter  in  a  state  which  more  strikingly  simulates  that  of 
true  solution.  At  one  end  of  the  series,  we  have  pseudo-solutions, 
resolvable  under  a  high  power  of  the  microscope  into  crowds  of 
minute  suspended  particles  in  rapid  Brownian  movement;  at  the 
other  end,  we  have  solutions  which  refuse  to  be  analysed  by  the 
microscope,  which  diffuse  more  or  less  after  the  fashion  of  true  solu- 
tions, but  which,  even  in  exceedingly  dilute  solutions,  reveal  the 
presence  of  particles  not  too  minute  to  scatter  a  beam  of  light. 

These  being,  broadly,  the  results  obtained,  I  will  now  proceed  to 
give  the  experimental  evidence,  arranging  it  in  such  a  way  as  to  pass 
from  more  obvious  pseudo- solution  to  what  is  more  nearly  allied  to 
true  solution  as  we  are  accustomed  to  conceive  of  it. 


Mercv/ry. 

Preparatio7i. — The  sulphide  precipitate  may  be  prepared  either  in 
the  ordinary  way  or  by  allowing  an  acidified  solution  of  mercuric 
chloride  to  flow  into  sulphuretted  hydrogen  water.  The  carefully- 
washed  precipitate  is  then  washed  into  a  Drechsel's  bottle  provided 
with  stopcocks  to  prevent  access  of  air,  and  there  treated  with 
sulphuretted  hydrogen.  In  from  one  to  two  hours,  the  sulphide 
will  have  completely  dissolved.  The  dissolved  sulphuretted  hydrogen 
may  then  be  expelled  by  a  current  of  pure  hydrogen. 

General  Frojperties. — Solutions  containing  about  10  grams  of  sulph- 
ide to  the  litre  may  be  readily  obtained  free  from  uncombined  sulph- 
urefted  hydrogen.  Stronger  solutions  are  obtainable  in  presence  of 
dissolved  sulphuretted  hydrogen.  By  transmitted  light,  the  solution 
has  a  very  clear,  brown  colour,  which  in  strong  solutions  becomes  so 
dark  as  only  to  be  transparent  in  thin  layers.     By  reflected  light,  the 
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solution  appears  darker  and  somewhat  turbid.  When  kept  in  absence 
of  dissolved  sulphuretted  hydrogen,  the  upper  part  of  the  liquid  in 
the  course  of  five  or  six  days  becomes  somewhat  paler.  The  lower 
portions  of  the  liquid  grow  denser  and  darker,  and  after  some  weeks 
the  whole  of  the  sulphide  is  slowly  deposited  as  a  precipitate.  But 
though,  as  a  final  result,  we  have  a  precipitate  formed,  this  is  no 
adequate  proof  that  in  the  freshly  prepared  solution  we  are  not  deal- 
ing with  a  true  solution.  In  presence  of  sulphuretted  hydrogen,  the 
conditions  are  different ;  the  behaviour  of  the  sulphide  under  these 
circumstances  is  being  investigated. 

On  the  addition  of  salts,  the  sulphide  is  more  or  less  rapidly  pre- 
cipitated. 

Application  of  EaouWs  Method. — It  was  thought  that  if  there  were  true 
solution,  some  light  might  be  thrown  upon  the  molecular  complexity  of 
the  dissolved  hydrosulphide  by  the  application  of  E-aoult's  method 
for  determining  molecular  weights.  No  depression  of  the  freezing 
point  could,  however,  be  detected,  and,  after  freezing,  a  considerable 
quantity  of  the  dissolved  hydrosulphide  remained  precipitated.  It  is 
obvious  that  the  failure  to  observe  any  depression  might  simply  be 
due  to  very  high  molecular  weight. 

Microscopical  Examination. — The  most  direct  evidence  on  the  sub- 
ject would  obviously  be  that  of  rendering  the  suspended  particles,  if 
such  there  be,  visible  to  the  eye.  The  first  trials  were  made  with  a 
microscope  having  a  magnifying  power  of  about  600  diameters. 
From  the  result,  I  was  at  first  led  to  suspect  that  a  true  solution  was 
being  dealt  with.  The  clear  field  was  not  in  any  way  resolvable.  It 
seemed  perfectly  homogeneous.  Owing,  however,  to  some  circum- 
stances which  once  more  suggested  that  the  sulphides  did  not,  in  the 
ordinary  sense,  form  perfect  solutions,  I  decided  to  repeat  the  micro- 
scopical examination,  using  a  higher  magnifying  power.  A  micro- 
scope, with  an  immersion  lens  and  capable  of  magnifying  about 
1000  diameters,  was  kindly  lent  me  by  Professor  E.  A.  Schafer. 
The  mercury  solution  was  first  examined  with  a  power  of  about 
800  diameters,  the  lens  being  immersed  in  the  liquid.  Sulphuretted 
hydrogen  was  in  this  case  absent.  The  following  is  a  description  of 
what  is  seen.  At  first  it  is  impossible  to  make  out  anything  beyond 
a  dimly  granular  appearance  ;  but  gradually  one  becomes  aware  of 
exceedingly  minute  particles  in  very  rapid  Brownian  movement.  The 
apparently  homogeneous  solution  is  really  the  scene  of  ceaseless 
oscillations  of  innumerable  solid  particles,  crowded  together  so 
closely  that  very  little  free  path  is  left.  Indeed,  this  last  fact  is  the 
probable  explanation  of  their  being  seen  at  all.  In  a  dilute  solution, 
the  motion  most  likely  becomes  so  rapid  as  to  render  the  particles 
invisible. 
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The  presence  of  minute,  vibrating  particles  in  this  apparently 
homogeneous  solution  is  thus  placed  beyond  dispute,  but  it  is  still 
quite  conceivable  that  these  particles  are  suspended  in  a  certain 
amount  of  true  solution.  Other  methods  for  ascertaining  whether  or 
not  any  true  solution  is  present  suggested  themselves,  but  were  not 
readily  applicable  to  the  case  of  mercury.  Thus,  for  example,  the 
difPusibility  of  the  solution  could  not  well  be  tried,  owing  to  the  fact 
that  the  mercury  solution  does  not  keep  well  in  absence  of  sulph- 
uretted hydrogen.  These  methods  will  be  described  under  arsenic 
and  antimony.  Meanwhile,  the  result  of  two  other  experiments  on 
the  mercury  solution  may  be  mentioned. 

Filtration  through  a  Porous  Gell. — A  small  porous  cell  was  carefully 
washed  till  all  traces  of  impurity  had  been  got  rid  of.  After  closing 
the  mouth  of  the  cell  by  a  caoutchouc  cork,  it  was  partially  immersed 
in  a  mercuric  sulphide  solution  and  a  vacuum  created  within  the  cell 
by  means  of  a  filter-pump.  The  liquid  slowly  filtered  through,  but  was 
quite  colourless,  the  sulphide  being  completely  removed. 

Spectroscop'ical  Examination. — Observed  in  thin  layers,  the  solution 
gave  a  continuous  absorption  in  the  violet  and  blue,  no  bands  being 
observable. 

Arsenic  (a)  and  (/3). 

In  the  case  of  arsenic,  it  will  be  well  to  divide  the  subject  into  two 
sections,  one  of  v/hich  will  be  discussed  before,  and  the  other  after, 
antimony.  Under  the  present  heading.  Arsenic  (a),  I  shall  set  down 
the  results  obtained  with  two  different  arsenic  solutions.  One  solu- 
tion was  obtained  by  dissolving  arsenious  acid  in  a  solution  of  hydro- 
gen potassium  tartrate;  the  other  was  obtained  from  an  acidified 
arsenite.  When  required  free  from  salts,  these  solutions  were  sub- 
jected to  dialysis. 

a. — Arsenical  Tartrate  Solution. 

Preparation. — Arsenious  acid  was  dissolved  by  boiling  with  acid 
potassium  tartrate.  The  solution  thus  obtained  was  diluted  and 
allowed  to  run  into  sulphuretted  hydrogen  water.  The  liquid  was 
then  freed  from  uncombined  sulphuretted  hydrogen  by  a  current  of 
hydrogen. 

General  Properties. — Solutions  containing  about  5  grams  of  sulph- 
ide to  the  litre  can  be  obtained  ;  these,  by  transmitted  light,  have  a 
clear  yellow  colour,  becoming  darker  and  slightly  reddish  in  a  strong 
solution.  The  solutions  are  strongly  fluorescent,  and  by  reflected 
light,  look  pale  and  turbid. 

Weak  solutions  keep   well,  but  the  stronger  ones  deposit  a  small 
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amount  of  precipitate  after  some  months.  The  presence  of  sulph- 
uretted hydrogen  does  nob  seem  to  affect  this  slight  precipitation. 

The  solution  may  be  boiled  without  producing  precipitation.  On 
long-continued  boiling,  however,  the  sulphide  seems  to  be  partially 
decomposed,  though  the  solution  is  not  precipitated  (see  previous 
paper) . 

Microscopical  Examination. — In  the  case  of  this  arsenic  solution,  it 
was  more  difficult  to  discern  the  presence  of  particles  than  with 
mercury.  The  fall  power  of  1000  diameter'3  was  barely  sufficient  to 
resolve  the  solution  into  its  constituent  particles  ;  these  were  exceed- 
ingly minute,  but  even  with  this  power,  it  needed  practice  to  discern 
them.  A  granular  appearance  could  gradually  be  made  out,  and  it 
then  became  apparent  that  the  granules  were  endowed  with  a  rapid 
dancing  motion. 

Diffusion  Experiment. — l^o  exact  diffusion  experiment  was  made  in 
this  case,  but  it  was  observed  that  the  tartrate  had  the  power  of 
carrying  out  the  arsenic  particles  by  its  own  diffusion.  The  diffusion 
of  the  tartrate  being  due  to  its  molecular  motion,  the  bombardment 
of  these  molecules  must  have  sufficed  to  move  the  sulphide  particles. 

Spectmscopical  Examinatio7i. — The  solution  gave  a  continuous  ab- 
sorption in  the  violet  and  blue. 

yS. — Solution  obtained  from  an  Acidified  Arsenite. 

Trepanation. — Arsenious  acid  was  dissolved  in  caustic  soda,  and  the 
solution  allowed  to  flow  into  sulphuretted  hydrogen  water.  The 
solution  was  dialysed  to  free  it  from  salts. 

General  Properties. — In  general  appearance,  &c.,  this  solution  is 
similar  to  that  just  described.  A  solution  containing  5  grams  of 
sulphide  to  the  litre  can  readily  be  obtained.  The  solution,  freed 
from  salts,  keeps  distinctly  better  than  the  one  described  above ;  a 
bottle  in  my  possession,  closed  with  an  ordinary  stopper  and  thus 
somewhat  liable  to  oxidation,  has  been  kept  for  a  year ;  it  has 
deposited  some  precipitate,  but  the  amount  is  small,  and  when  last 
examined,  the  solution  still  remained  unresolvable  by  the  microscope. 
Salts,  as  usual,  cause  precipitation. 

Microscopical  Examination. — It  has  at  present  proved  impossible  to 
resolve  this  solution  with  the  microscope.  It  presents  the  appearance 
of  a  perfectly  homogeneous  liquid. 

Di fusion  Experiments. — The  diffusion  experiments  gave  interesting 
results.  The  diffusion  method  is  obviously  of  great  use  in  determin- 
ing whether  the  solutions  are  composed  only  in  part  or  wholly  of 
suspended  solid.  It  was  quite  conceivable  that  the  particles  discerned 
in  certain  cases  with  the  microscope  only  formed  part  of  the  whole 
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sulphide  present,  and  that  the  rest  was  actually  in  true  solution.  To 
attack  this  question,  the  following  consideration  was  made  use  of. 
It  was  thought  possible  that  whilst  a  true  solution  would  be  un- 
doubtedly diffusible,  suspended  particles  might  very  likely  not  diffuse. 
In  the  event  of  there  being  no  diffusion,  it  was  obviously  proved 
that  the  whole  of  the  sulphide  present  was  in  a  state  of  suspension. 

Graham's  method  for  liquid  diffusion  was  adopted,  the  liquid  being 
placed  in  a  small  wide-mouthed  bottle  within  a  large  beaker  and 
cohered  with  water.  A  solution  of  arsenic  hydrosulphide,  obtained 
by  allowing  an  arsenite  acid  with  hydrochloric  acid  to  run  into  sulph- 
uretted hydrogen  water,  was  dialysed  until  free  from  all  chlorides  and 
sulphuretted  hydrogen.  It  remained  quite  clear  by  transmitted  light. 
The  small  bottle  was  filled  with  this  solution,  and  closed  with  a  glass 
plate  attached  to  a  glass  rod.  Water  was  then  poured  into  the 
beaker,  and  siphoned  out  to  remove  traces  of  sulphide  which  had 
escaped  in  closing  the  bottle.  Finally,  the  beaker  was  well  filled 
above  the  level  of  the  small  bottle,  and  the  glass  plate  carefully 
removed.  After  32  days,  there  was  absolutely  no  sign  of  diffusion  ; 
the  outer  water  remained  perfectly  colourless,  and  contained  no  trace 
of  arsenic.  It  is  evident  from  this  experiment  that  the  whole  of  the 
sulphide  is  present  in  a  state  of  suspension.  No  tendency  to  settle 
was  exhibited  by  the  suspended  solid.  It  is  noteworthy  that  these 
minute  solid  particles,  though  in  rapid  vibratory  motion,  are  incapable 
of  diffusion,  and  it  is  difficult  to  say  exactly  why  they  should  not 
diffuse.  It  might  be  expected  that  a  particle  at  the  surface,  finding 
its  movement  less  hindered  in  one  direction  than  the  other,  would 
])ass  beyond  the  general  surface  of  the  other  particles.  Yet  this  is 
u,ot  the  case. 

Antimony. 

The  only  antimony  solution  obtainable  is  that  resulting  from  the 
action  of  sulphuretted  hj^drogen  on  a  solution  of  tartar  emetic. 

Preparation. — A  moderately  dilute  solution  of  tartar  emetic  is 
allowed  to  flow  into  saturated  sulphuretted  hydrogen  water. 

General  Properties. — The  solution  has  a  fine  orange-red  colour  by 
transmitted  light,  and  is  only  slightly  fluorescent.  It  keeps  well,  but 
has  a  tendency  to  deposit  small  quantities  of  sulphide.  The  sulphide 
is  not  precipitated  by  boiling. 

Microscopical  Examination. — In  this  case  again,  it  was  impossible  to 
ascertain  the  presence  of  particles  by  microscopical  examination.  The 
liquid  appeared  absolutely  clear  and  homogeneous.  Some  of  the 
tartrate  solution  was  set  dialysing  on  December  1,  1890.  As  the 
dialysis  proceeded  the  solution  was  observed  to  become  more  strongly 
fluorescent.       Renewed  treatment  of  a  portion  of    the    liquid   with 
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sulphuretted  hydrogen  did  not  in  any  way  diminish  this  fluorescence. 
On  December  11,  some  of  the  liquid  was  examined  microscopically, 
and  it  was  now  possible  to  discern  the  presence  of  excessively  minute 
particles  of  about  the  same  dimensions  as  those  observable  with  the 
jirsenical  tartrate  solution.  On  farther  dialysis,  by  which  means  all 
the  tartrate  present  was  eliminated,  the  antimony  began  to  precipitate, 
and  in  the  course  of  a  few  weeks  was  completely  thrown  down.  This 
is  interesting,  as  showing  the  progress  of  a  gradual  condensation 
occurring  among  the  minate  particles.  There  was  no  sudden  or 
irregular  change,  but,  apparently,  a  regular  increase  of  size  among 
all  the  particles,  forcibly  reminding  us  of  molecular  condensation.  In 
what  way  the  tartrate  prevents  this  condensation,  it  is  difficult  to  say. 

Diffusion  Experiment. — The  method  of  diffusion  was  again  used 
successfully  to  answer  the  question  as  to  how  this  solution  is  con- 
stituted. But,  as  in  this  case  the  antimony  solution  cannot  be  ob- 
tained in  absence  of  tartrate,  it  was  necessary  to  use  the  device  of 
having  the  same  strength  of  tartrate  both  within  and  without  the 
diffusing  bottle.  This  was  accordingly  done.  Some  of  the  antimony 
solution  was  allowed  to  diffuse  into  tartrate  of  the  same  strength 
from  June  5  to  June  29.  During  this  time  no  diffusion  occurred. 
This  settles  the  question  as  regards  the  antimony  solution,  and  proves 
that  it  is  not  a  true  solution.  Subsequently  it  was  thought  that 
perhaps  the  particles  might  be  smaller  and  more  capable  of  diffusion 
when  much  diluted.  A  very  dilute  antimony  solution  was  set  diffus- 
ing on  July  27,  1891.  By  October,  absolutely  no  difiusion  had  oc- 
curred ;  indeed  the  liquid  had  settled  somewhat  in  the  bottle,  owing 
perhaps  to  the  dilution  of  the  acid  tartrate  present. 

When  the  outer  liquid  does  not  contain  tartrate,  diffusion  is  at  once 
observed. 

TyndalVs  Experiment. — Tyndall  has  shown  that  light,  scattered  by 
finely-divided  particles,  is  completely  polarised. 

Some  of  the  antimony  solution  was  sealed  in  a  tube,  and  Sk  beam 
of  light  from  a  lime-light  lantern  passed  through  the  liquid.  The 
rounded  extremity  of  the  tube  acts  as  a  concentrating  lens,  and 
enables  the  path  of  any  beam  to  be  very  clearly  traced.  In  this  case, 
the  track  of  the  beam  was  marked  by  a  beautiful,  soft,  red  glow,  the. 
light  of  which,  on  examination  with  a  Nicol's  prism,  was  found  to  be 
completely  polarised.  The  solution,  therefore,  has  no  true  fluorescence, 
but  consists  of  excessively  minute  particles  in  suspension.  The  most 
dilute  antimony  solutions  gave  similar  results.*  The  distilled  water 
employed  showed  pi*actically  no  beam. 

Filtration  through  a  Porous  Cell. — A  porous  cell  was  kept  exhausted 

*  Applied  to  tlie  mercury  sulphide  solution  above  discussed,  this  experiment,  as 
might  be  expected,  yields  similar  results. 


144  PICTON:   THE  PHYSICAL  CONSTITUTION 

by  a  filter-pump  and  plunged  into  the  freshly-prepared  clear,  red 
antimony  solution.  The  liquid  filtered  through  was  quite  colourless. 
This  experiment  tends  to  support  the  belief  that  the  whole  of  the 
antimony  is  present  in  suspension. 

Coagulation  Experiment: — As  another  means  of  testing  the  condition 
of  the  dissolved  sulphide,  that  of  its  sudden  coagulation  was  used. 
A  true  solution  so  coagulated  should  develop  heat.  Careful  experi- 
ments were  made  on  coagulating  a  strong  antimony  solution  with  a 
few  drops  of  calcium  chloride.  Not  the  smallest  change  of  temperature 
could  be  observed,  although  a  change  of  0'02°  could  have  been  easily 
seen  with  the  thermometer  used. 

Spectroscopical  Examination. — Like  all  the  other  sulphide  solutions 
examined,  this  liquid  gave  a  continuous  absorption  in  the  violet  and 
blue. 

Arsenic  (7). 

In  this  case,  the  solutions  were  obtained  from  pure  arsenious  acid 
dissolved  in  water.  The  acid  was  dissolved  by  continuous  boiling, 
and,  under  these  conditions,  a  strong  solution  may  be  obtained. 

Preparation. — The  arsenious  acid  was  allowed  to  flow  into  saturated 
sulphuretted  hydrogen  water,  through  which  a  current  of  the  gas 
was  continually  passing.  The  uncombined  sulphuretted  hydrogen 
was  then  removed  by  a  current  of  hydrogen. 

General  Properties. — In  appearance  this  solution  resembles  arsenic 
(a)  and  (18).  It  readily  forms  solutions  containing  II  or  12  grams  of 
sulphide  to  the  litre.  A  strong  solution  kept  for  four  months  in  a 
sealed  bulb  has  deposited  a  mere  trace  of  precipitate.  Weak  solu- 
tions, kept  for  the  same  time,  are  almost  entirely  unchanged.  But 
the  permanence  of  the  solution  is  somewhat  variable.  Though  clear 
by  transmitted  light,  the  strong  solutions  have  by  reflected  light  a 
densely  milky  appearance. 

The  solution  is  not  precipitated  by  boiling,  but  the  addition  of 
certain  salts  rapidly  effects  precipitation.  Calcium  chloride  is  here 
again  specially  potent. 

Microscopical  Examination. — The  microscope,  as  might  be  expected 
from  the  case  of  arsenic  (/3),  affords  no  evidence  of  the  existence  of 
solid  particles. 

Diffusion  Experiments. — On  account  of  the  results  invariably  ob- 
tained in  other  cases,  it  seemed  hardly  worth  while  to  submit  this 
solution  to  the  diffusion  test.  However,  I  decided  to  perform  the 
experiment.  The  same  apparatus  was  used  as  in  the  case  of 
arsenic  (/3).  To  my  surprise,  by  the  following  day,  distinct  diffusion 
was  observed.  It  seemed  just  possible  that  the  diffusion  might  be 
due  to  some  impurity.  Another  specimen  of  resublimed  arsenious 
oxide  was   therefore  used,    and,   after   treatment   with  sulphuretted 
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hydrogen,  was  very  carefully  freed  from  iincombined  gas  by  a  current 
of  hydrogen.  This  specimen,  however,  again  diffused  markedly  in 
the  course  of  a  few  days. 

It  occurred  to  me  that  perhaps  some  small  quantity  of  true  solution 
might  be  at  first  formed  which  would  disappear  on  keeping.  To 
give  time  for  further  condensation,  some  of  the  sulphide  solution 
prepared  as  above  described  was  accordingly  sealed  up  in  a  glass 
bulb  at  the  end  of  July.  On  October  14,  the  bulb  was  opened  and 
some  of  the  liquid  placed  in  the  small  diffusion  bottle.  This  was 
then  closed  with  a  glass  plate  in  the  usual  way,  covered  with  dis- 
tilled water,  and  left  covered  till  next  day  to  acquire  the  temperature 
of  the  room.  On  October  15,  the  diffusion  bottle  was  uncovered 
at  1  o'clock,  the  outer  liquid  being  left  quite  colourless.  Bj  the 
next  day,  marked  diffusion  had  occurred,  which  day  by  day  increased. 
It  had  been  previously  observed  that  on  prolonged  diffusion  witli 
exposure  to  air,  the  sulphide  solution  becomes  altered,  arsenious  acid 
being  found  in  the  outer  liquid.  In  the  present  case,  therefore,  the 
diffusion  was  stopped  on  October  26,  by  which  time  the  outer 
liquid  was  deeply  coloured.  The  diffusion  is  of  course  slow,  but  to 
give  some  rough  idea  of  its  rate  the  following  numbers  are  given. 
The  diffusion  in  this  case  occupied  11  days.  The  main  object  of  the 
experiment  was  to  ascertain  whether  a  weighable  quantity  would 
diffuse. 

Capacity  of  AS2S3  Volume  of  AS2S3  Diameter 

small  bottle.  in  bottle.  outer  liquid.        in  outer  liquid.       of  bottle. 

77c.c.        0-8210  gram.         350  c.c.         01185  gram.     30  mm. 

The  diffusion  of  a  dichromate  solution  of  similar  strength  would 
be  completed  in  five  or  six  days. 

We  have  here  the  rather  remarkable  fact  of  particles  so  small  as  to 
diffuse  after  the  fashion  of  the  molecules  of  a  liquid,  yet  revealing 
themselves  as  solid  particles  under  the  scrutiny  of  other  tests.  That 
the  diffusion  is  due  to  the  motion  of  the  particles  themselves,  and  not 
to  that  of  the  water  molecules,  is  made  quite  clear  from  the  previous 
diffusion  experiments.  For  instance,  with  antimony  it  was  found  that 
diffusible  substance  (acid  potassium  tartrate)  could  carry  out  the 
sulphide  when  present  in  the  little  bottle  alone,  but  not  when  present 
in  equal  strength  throughout  both  liquids. 

Ty7idalVs  Uxperiment. — On  sending  a  beam  of  lime-light  through 
the  diffusible  arsenic  solution,  the  track  of  the  beam  was  marked  by  a 
soft,  yellow  glow,  the  light  of  which,  when  examined  by  a  Nicol's 
prism,  was  found  to  be  completely  polarised.  This  is  proof  positive 
of  the  existence  of  solid  particles,  but  how  is  the  presence  of  any  true 
solution  to  be  disproved?     Analogy  forcibly  suggests   that  this  solu- 
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tion  will  resemble  the  others  in  being  homopfeneous  rather  than 
partly  solution  and  partly  suspended  solid.  But  something  more 
than  this  is  needed. 

Obviously,  if  there  be  any  true  solution,  it  is  this  which  will  be 
■first  formed  on  allowing  the  arsenious  acid  to  flow  slowly  into  sulphur- 
etted hydrogen  water.  Hence,  if  a  very  dilute  solution  be  thus 
carefully  prepared,  there  should  be  no  particles  present  capable  of 
revealing  themselves  in  a  beam  of  light.  Accordingly,  some  dilute 
arsenious  acid  solution  was  allowed  to  flow  very  slowly  into  sulphur- 
etted hydrogen  water.  An  exceedingly  dilute  sulphide  solution  of  a 
faint  yellow  colour  was  thus  obtained.*  When  examined  with  a  beam, 
the  track  of  the  light  was,  however,  still  marked  by  a  soft  glow  of 
polarised  light.  This  seems  to  leave  little  room  for  doubt  that  the 
diffusible  sulphide  solution  is  entirely  composed  of  particles  snfiici- 
ently  large  to  scatter  light.  The  fact  that  after  long  keeping  the 
sulphide  still  retains  its  diffusibility  also  forcibly  suggests  that  the 
diffusibility  is  not  due  to  the  presence  of  a  little  true  solution  at  first 
formed.  It  is  inconceivable  that  a  solution  so  unstable  as  to  be 
partially  precipitated  even  in  exceedingly  dilute  solutions  when  first 
formed  could  remain  unchanged  for  months  in  the  presence  of  a  com- 
paratively vast  amount  of  solid. 

Coagulation  Experiment. — It  was  thought  that  perhaps  some 
evidence  as  to  the  state  of  the  sulphide  might  be  obtained  from  sudden 
coagulation  of  the  liquid.  Careful  experiments  were  made  by  coagu- 
lation with  a  few  drops  of  calcium  chloride,  but  not  the  slightest  change 
of  temperature  was  discernible. 

Application  of  Raoulfs  Method. — JSTo  perceptible  depression  of  the 
freezing  point  was  obtained. 

Some  General  Properties  of  the  Sulphide  Solutions. 

It  has  already  been  observed  that  these  solutions  are  precipitated 
by  salts  or  acids.  But  these  bodies  are  by  no  means  equally  active  in 
producing  precipitation.  The  following  substances  were  added  to  an 
arsenic  solution  [arsenic  (yS)]  with  the  results  stated. 

Precipitate  (but  sometimes  only 

when  strong).  Do  not  precipitate. 

Calcium  chloride  (at  once).  Sodium  borate. 

Sodium  chloride.  Sodium  acetate. 

Ammonium  chloride  Ammonium  succinate. 

Chrome  alum.  Gallic  acid. 

Sodium  phosphomolybdate.  Alcohol. 
Sodium  phosphate. 

*  These  dilute  arsenious  sulphide  solutions  are  beautifully  clear  and  transparent, 
and  by  their  appearance  suggeut  that  they  are  perfect  solutions. 
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On  freezing  the  solutions  completely,  almost  the  whole  of  the 
sulphide  is  precipitated.  The  similarity  of  the  absorption  spectra 
has  been  already  noted. 

On  evaporation  in  a  vacuam,  mercury  and  arsenic  sulphides  yield 
a  colloidal  mass. 

Summarij. 

The  sulphide  solutions  examined  have  been  shown  to  consist  en- 
tirely of  very  minute  solid  particles  in  each  case  revealed  by 
Tyndall's  experiment. 

In  two  cases,  mercury  and  arsenic  (a),  these  particles  have  been 
found  to  be  visible  with  a  powerful  microscope,  and  have  been  ob- 
served to  be,  as  nearly  as  could  be  determined,  of  the  same  size  and 
all  in  rapid  vibratory  motion.  In  one  case,  that  of  antimony,  the 
gradual  condensation  of  the  particles  from  those  quite  invisible  under 
the  microscope  to  those  just  visible,  but  of  uniform  size,  and  finally 
to  larger  aggregations  ultimately  settling  as  precipitate,  has  been 
followed. 

In  the  case  of  arsenic  (7),  these  particles  a.re  so  fine^  divided,  or 
vibrate  so  rapidly  as  to  simulate  the  behaviour  of  molecules  composing 
a  liquid.  They  are  capable  of  diffusion,  and  retain  this  power  even 
after  prolonged  keeping. 

The  obvious  theoretical  suggestions  of  these  experiments  I  pro- 
pose to  deal  with  in  the  next  paper,  in  which  a  number  of  observations 
on  colloid  solutions  will  be  recorded.  In  closing,  however,  it  may  be 
pointed  out  that  while  sulphuretted  hydrogen  can  split  up  mercuric 
sulphide  into  minute  vibrated  particles  in  a  state  of  very  perfect 
suspension,  and  arsenic  sulphide  is  capable  of  existing  in  a  state  of 
suspension  so  perfect  as  to  simulate  the  phenomena  of  liquid  diffusion, 
but  yet  revealing  solid  particles  by  Tyndall's  experiment,  it  is  easy  to 
conceive  of  a  case  in  which  the  process  of  subdivision  has  gone  still 
further,  and  Tyndall's  experiment  is  no  longer  adequate  to  discover 
the  suspended  particles.  Passing  on  from  this,  there  seems  no  satis- 
factory reason  for  imagining  the  existence  of  any  sharp  boundary 
between  solution  and  pseudo-solution.  It  is  quite  possible  that  the 
one  merges  by  imperceptible  gradations  into  the  other.  In  this 
event,  the  vibratory  motion  of  these  minute  particles,  which  so  forcibly 
reminds  one  of  molecular  motion,  becomes  a  phenomenon  of  special 
interest.  This  subject  will  be  more  conveniently  dealt  with  in  the 
following  paper. 

University  College, 

London. 
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XI. — Solution  avd  Pseudo-solution.     Part  I. 
By  Harold  Picton  and  S.  Ernest  Linder. 

Introductfon. 

In  the  previous  paper,  ore  of  us  has  examined  three  special  cases  oi 
apparent  solution,  namely,  those  of  mercury,  antimony,  and  arsenic 
sulphides.  These  liquids,  which  in  many  ways  resemble  ordinary 
colloidal  solutions,  were  found  to  present  a  series  passing  from  matter 
in  a  state  of  subdivision  not  too  fine  to  allow  of  its  observation  under  the 
microscope,  to  particles  so  fine  as  to  diffuse  in  the  manner  of  ordinary 
solutions.  Arsenic  sulphide,  indeed,  was  found  capable  in  itself  of 
presenting  us  with  three  different  types  of  solution,  distinguished  in 
the  paper  as  arsenious  sulphide  a,  fS,  and  7.  Arsenic  a  is  made  up 
of  particles  just  visible  under  the  microscope,  arsenic  y8  contains  no 
visible  particles,  whilst  arsenic  7  contains  particles  so  minute  as  to 
be  diffusible.  The  case  of  mercury  sulphide  was  specially  interesting, 
as  the  bulphide,  after  precipitation,  is  easily  dissolved  in  sulphuretted 
hydrogen  water,  and  in  this  solution  the  vibrating  particles  are  clearly 
discernible  under  the  microscope  (see  previous  paper). 

We  have  here  what  appears  to  be  a  half-way  stage  towards  true  solu- 
tion. The  suofgestion  is  at  once  forced  upon  our  minds  that  the  state 
of  pseudo-solution  would  gradually  merge  into  that  of  true  solution  by 
carrying  the  subdivision  farther  and  farther,  till  finally,  perhaps,  we 
may  have  the  substance  dissociated  into  ions.  To  trace  the  steps 
somewhat  further  would  obviously  be  a  task  of  no  little  interest.  And 
on  asking  ourselves  what  solutions  are  most  likely  to  furnish  stages 
in  the  phenomena  of  solution  between  those  of  arsenic  7  and  those  of 
true  solution,  the  case  of  ordinary  colloidal  solutions  at  once  suggests 
itself.  Thus  the  investigation  into  the  nature  of  the  sulphide  solu- 
tions just  described  had  not  proceeded  far  before  it  was  determined 
to  follow  it  up  with  some  experiments  on  a  variety  of  colloidal 
solutions.  Some  of  these  have  now  been  examined,  and  we  have  also 
obtained  interesting  evidence  with  regard  to  the  transition  from 
colloidal  to  crystalloidal  solution,  part  of  which  we  shall  lay  before  the 
Society  in  this  paper. 

Before  describing  our  own  experiments,  it  will  be  well  to  give  a 
short  account  of  previous  work  on  the  subject. 

Graham,  it  will  be  remembered,  supposed  the  non-dialysability  of 
colloids  to  be  due  to  the  size  of  their  molecules,  which  he  con- 
sidered too  large  to  pass  through  the  pores  of  the  membrane.  A 
certain  mystery  has  long  hung  about  the  facts  of  colloidal  solution, 


SOLUTION  AND   PSEUDO-SOLUTION.  149 

and  that  colloids  are  substances  of  very  great  molecular  complexity 
has  of  late  become  increasingly  evident.  Theory  has  oscillated 
between  the  two  conceptions  of  very  large  molecular  aggregates  and 
very  finely  divided  particles.  Perhaps  in  the  end  the  two  theories 
mean  the  same  thing. 

Ostwald  (Lehrh.  d.  allg.  CJiem.,  1,  52)  and  Paterno  (Zeit.  physikal, 
Gliem.,  4,  457)  have  both  suggested  that  colloidal  solutions  are  prob- 
ably coinposed  of  very  finely  divided  solids  in  a  state  of  suspension. 
But  experimental  evidence  has  been  almost  entirely  wanting. 

Barns  and  Schneider,  in  a  paper  on  colloidal  silver  in  the  Zeitschrift 
fur  jpliysihalische  Ghemie  (8,  278),  have  recently  made  an  attempt  to 
supply  this  want.  They  support  the  theory  that  colloidal  solution  in 
general  is  merely  a  condition  of  suspension.*  With  the  main  ten- 
dency of  their  arguments  we  are  in  agreement,  but  there  are  some 
portions  of  their  work  to  which  we  are  obliged  to  take  exception. 
We  propose  to  briefly  examine  the  paper  here.  Barus  and  Schneider 
have  specially  investigated  the  case  of  Carey  Lea's  soluble  silver. 
Their  solutions  were  obtained  by  reducing  with  ferrous  citrate,  and 
redissolving  the  silver  thus  obtained.  The  solution  presents  many 
points  of  similarity  to  the  sulphide  solutions  discussed  by  one  of  us 
in  the  previous  paper.  It  is  slightly  fluorescent,  it  is  coagulated  by 
the  addition  of  certain  substances,  and  also  by  freezing,  but  it  does 
not  settle  spontaneously.  The  solution,  however,  does  not  lend  itself 
so  easily  to  exact  chemical  or  physical  examination,  since  it  cannot  be 
obtained  free  from  iron  salts. 

The  experimental  work  of  the  paper  may  be  considered  under  two 
heads :  first,  experiments  on  the  electrical  resistance  of  the  silver 
solution ;  and,  secondly,  experiments  on  the  sedimentation  of  the 
solution  when  partially  coagulated.  The  silver  in  solution  is  found 
to  act  as  a  non-conductor  ;  indeed,  according  to  the  experiments,  the 
stronger  the  silver  solution  the  greater  the  resistance.  This  is  some- 
what unintelligible,  but  the  measurements  are  complicated  by  the 
presence  of  electrolytes  in  the  solution.  From  the  fact  that  the 
metallic  silver  in  solution  does  not  act  as  a  conductor,  they  conclude 
that  it  is  not  present  in  the  molecular  state,  but  rather  in  the  condition 
of  finely-divided  suspended  particles.  This  reasoning  appears,  how- 
ever, to  us  to  be  by  no  means  conclusive,  for  what  evidence  is  there 
that  would  lead  us  to  expect  silver  in  a  state  of  true  solution  to  act 
as  a  conductor  ? 

The  coagulation  of  pseudo-solutions,  on  the  addition  of  certain  salts 
or  acids,  cannot  be  ascribed  merely  to  diminished  viscosity  of  the 

*  To  prevent  any  misconception,  -we  may  say  that  our  work  on  the  siilpliides 
(see  preceding  papers)  was  begun  in  1888,  and  that  the  present  paper  was  actually 
being  prepared  before  we  became  aware  of  this  work. 
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water,  since  the  traces  of  acid  or  salt  necessary  would  be  quite  in- 
adequate to  produce  so  profound  an  effect.  This  had  previously  been 
shown  by  Barus.  The  authors  suppose  the  coagulation  to  be  due  to 
the  separation  of  the  particles. 

To  arrive  at  some  idea  of  the  size  of  the  silver  particles,  the  authors 
make  use  of  the  following  equation  : — 

^  =  -i  ^'(/^  -  p)9^ 

where  x  =  rate  of  subsidence  of  the  particle. 

7j  =  viscosity  of  the  suspending  medium. 
P  =  specific  gravity  of  particle. 
p  =  specific  gravity  of  medium. 
r  =  radius  of  particle. 

'Now  X,  rj,  p,  and  />'  are  constants,  g  is  obviously  constant,  and  thus  r 
alone  varies. 

As  the  silver  particles  do  not  subside,  they  have  to  base  any  calcu- 
lations on  a  partially  coagulated  solution.  Inserting  values  in  the 
above  equation,  and  taking  Kohlrausch's  value  for  the  size  of  the 
water  molecule,  they  find  that  the  diameter  of  the  particles  in  a 
coagulating  silver  solution  may  be  as  small  as  that  of  70  water  mole- 
cules. Calculations  of  this  kind  are  very  fascinating,  but  we  confess 
to  grave  doubts  as  to  the  validity  of  the  above  equation.  It  is  evident 
from  the  fact  that  the  solvent  can  effect  this  fine  subdivision,  that 
there  is  some  action  between  solid  and  solvent,  whilst  the  above 
equation  presupposes  none.  The  fact,  too,  that  particles  visible  under 
the  microscope  exhibit  so  very  little  tendency  to  settle  does  not  seem 
to  coincide  with  the  assumptions  of  the  equation.* 

Prange  is  quoted  as  having  observed  evolution  of  heat  on  coagula- 
tion of  the  silver  solution.  Prange  is  also  quoted  as  having  obtained 
a  negative  result  with  Tyndall's  experiment  (Rec.  d.  Trav.  Ghim.  des 
Pays-has,  9,  125). 

The  evidence  upon  which  most  stress  is  laid  in  the  above-quoted 
paper  seems  to  us  to  be  decidedly  inconclusive.  It  is  also  noteworthy 
that  throughout  this  paper  there  is  an  assumption  that  if  the  colloidal 
solutions  contain  very  finely  divided  particles,  the  solution  is  a  fact 
of  m,ere  mechanical  suspension  and  nothing  more.  This  is  evident,  too, 
from  their  method  of  calculating  the  size  of  the  suspended  particles. 
An  assumption  of  this  kind  seems  to  us  to  be  quite  irreconcilable  with 
fact.  There  is  a  reaction  other  than  mechanical  between  the  solvent  and 
the  solid,  even  in  these  cases  of  colloidal  solution.     Otherwise  the  re- 

*  Compare  some  observations  of  Jackson  (Proc.  Chem.  Soc,  1891,  178)  men- 
tioned in  the  discussion  of  this  paper. 
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solubility  of  precipitated  colloids  becomes  an  impossibility,  and  tbe 
extreme  permanence  of  some  colloidal  solutions  is  exceedingly  hard 
to  explain.  Moreover  it  will  be  shown,  in  at  least  one  case  in  the 
following  paper,  that  there  is  undoubted  molecular  attraction  or 
chemical  combination  between  the  colloid  and  its  solvent. 

General  Statement. 

Our  intention  in  this  part  of  the  paper  is  to  carry  further  the 
examination,  begun  by  one  of  us,  into  the  connection  between  suspen- 
sion and  solution.  We  have  now  made  a  general  survey  of  the 
ground,  and  we  propose  in  this  section  to  trace  further  the  change 
from  obvious  suspension  to  true  colloidal  solution,  and  to  make  some 
attempt  to  follow  the  apparently  continuous  change  into  the  regions 
of  crystalloidal  solution.  Our  object  being  to  follow  this  continuous 
change,  rather  than  to  examine  individual  cases,  we  have  embodied  in 
the  present  part  results  obtained  with  typical  examples,  and  we  shall 
leave  the  examination  of  a  larger  array  of  individual  cases  for  a 
future  occasion. 

Whatever  can  throw  any  light  upon  the  mechanism  of  solution 
must  be  of  interest.  We  have  undertaken  to  follow  up  the  various 
states  of  suspension  and  solution  through  their  different  grades,  in 
the  hope  that  an  exact  examination  of  the  changes  which  occur  in 
the  passage  from  one  grade  to  another  may  shed  some  light  upon 
the  vexed  question,  What  is  it  that  happens  when  a  body  dissolves  ? 

The  questions  to  which  we  seek  an  answer  in  these  researches  are, 
broadly,  the  following : — 

What  is  the  nature  of  colloidal  solution  ?  Does  the  solid,  dissolved 
in  these  solutions,  exist  in  the  form  of  finely-divided  particles, 
discernible  by  optical  or  other  means  ?  If  such  be  the  constitution 
of  any  colloidal  solution,  would  it  in  any  case  be  possible  to  see  these 
particles  under  the  microscope  ?  Does  the  dissolved  substance  in 
any  crystalloidal  solution  exist  in  the  form  of  particles  which  can,  by 
any  means,  be  discerned  ?  May  there  be  a  perfectly  continuous 
gradation  from  suspension  to  crystalloidal  solution  ?  Supposing  that 
such  a  series  can  be  made  out,  what  is  the  nature  of  the  forces  by 
which,  in  the  lower  grades  of  solution,  the  particles  are  held  in 
suspension  ?  What  is  the  nature  of  these  finely-divided  particles,  if 
they  exist  ? 

In  the  following  pages  we  hope  to  show  how  these  questions  can  be 
answered. 

Experimental  Results. 

The  colloids  at  present  examined  have  confimied  the  suspicions 
suggested  by  the  investigation  of  the  sulphide  solutions.     The  present 
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paper  only  deals  with  the  [few  eases  at  present  examined,  and  does 
not  pretend  to  be  in  any  way  exhaustive.  The  results  of  the  more 
extended  investigation  which  we  intend  to  undertake,  both  of  colloidal 
solution,  and,  if  possible,  of  its  passage  into  crystalloidal  solution, 
we  shall  embody  in  Part  II  of  this  paper,  which  we  hope  to  be  able 
before  long  to  lay  before  the  Society.  In  the  present  part,  we  shall 
set  down  briefly  the  results  obtained  with  the  solutions  already 
examined.    Of  inorganic  colloids,  the  following  have  been  examined  : — - 

Ferric  Hydrate. 

The  hydrate  was  precipitated  with  ammonia  from  a  solution  of 
ferric  chloride,  well  washed,  and  then  placed  in  a  solution  of  ferric 
chloride,  in  which  it  soon  dissolved.  Without  dialysing  out  the 
excess  of  ferric  chloride,  some  of  this  was  examined,  whilst  another 
portion  was  dialysed  till  the  outer  water  contained  no  trace  of 
chloride. 

The  solution  was,  in  both  cases,  fluorescent,  but  absolutely  clear  by 
transmitted  light. 

Microscopical  Examination. — A  magnifying  power  of  1000  diameters 
was  found  quite  inadequate  to  reveal  any  want  of  homogeneity  in  tlie 
structure  of  the  solution. 

TyndalVs  Experiment. — A  tube  of  the  undialysed  liquid  was  sealed 
and  examined  with  a  beam  of  light,  in  the  same  manner  as  the 
sulphide  solutions  (see  p.  143).  A  dense  glow  was  observed  in  the 
track  of  the  beam,  the  light  of  which  was  completely  polarised.  To 
confirm  this  result,  a  portion  of  the  liquid  which  had  been  examined 
was  treated  with  hydrochloric  acid  till  the  hydrate  was  entirely  dis- 
solved. The  track  of  light  was  no  longer  visible,  with  the  exception 
of  the  very  feeble  beam  always  observed,  even  with  distilled  water. 
The  dialysed  solution  showed  the  track  of  the  beam  so  markedly  that 
it  was  only  necessary  to  hold  the  tube  under  an  ordinary  gas  jet  to 
observe  the  effect. 

Filtration  through  a  Porous  Cell. — Ferric  chloride  solution  having 
been  saturated  with  the  hydrate,  the  liquid  was  dialysed.  The  ferric 
chloride  was  evidently,  for  the  most  part,  combined  with  the  hydrate, 
for  only  slight  diffusion  was  observed.  Dialysis  was  continued  till 
the  outer  liquid  showed  no  trace  of  iron  or  of  chloride.  The  dialysed 
liquid  had,  by  transmitted  light,  a  clear,  deep,  ruby-red  colour.  It 
was  filtered,  under  pressure,  through  a  porous  cell.  The  filtrate  con- 
tained no  trace  of  either  iron  or  chloride.  Evidently,  therefore,  any 
remaining  ferric  chloride  was  held  in  combination  by  the  hydi'ate. , 
None  of  the  compound  is  present  in  a  sufficiently  finely-divided  state 
to  pass  through  a  porous  cell. 
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Coagulation  Bxperiment. — The  solution  is  easily  coagulable  by 
calcium  chloride.  On  coagulation,  the  whole  of  the  iron  passes  out  of 
solution,  the  filtered  liquid  containing  no  iron.  The  combined  mole- 
cules of  hydrate  and  chloride  coagulate  without  dissociation.  It  is 
thus  quite  clear  that,  in  this  case,  there  is  a  chemical  attraction 
between  the  molecules  of  the  solvent  (ferric  chloride)  and  the  solid 
(ferric  hydrate). 

The  act  of  coagulation  is  not  accompanied  by  any  evolution  of  heat. 
The  molecules,  or  particles,  are  too  large  to  produce  perceptible 
evolution  of  heat  on  condensation. 

Diffusion  Experiment. —  Some  of  the  dialysed  hydrate  was  set 
diffusing,  without  a  membrane,  on  a  Saturday.  By  the  following 
Monday  no  diffusion  had  occurred.  This  places  the  state  of  sub- 
division at  a  probably  lower  stage  than  that  of  the  diffusible  arsenic 
sulphide.  But,  on  the  other  hand,  the  result  might,  perhaps,  be  due 
to  slower  rate  of  vibration  without  increase  of  size. 

Crystallisahility  of  the  Solution. — It  is  stated  that  a  strong  solution 
of  ferric  hydrate  in  ferric  chloride,  when  evaporated  in  a  vacuum, 
deposits  crystalline  plates  of  the  compound  QFe^OsjFeCla.*  If  this  be 
so,  we  have  the  remarkable  fact  of  crystallisation  in  a  body,  the 
molecular  aggregates  of  which  are  sufficiently  large  to  scatter  light, 
as  shown  by  Tyndall's  experiment.  The  proportion  of  chloride 
present,  according  to  this  formula,  being,  probably,  larger  than  that 
in  our  solution,  a  considerable  excess  of  ferric  chloride  was  added  to 
some  of  the  colloidal  hydrate,  with  a  view  to  determine  any  change 
in  the  character  of  the  solution.  Immediately  after  the  addition,  it 
was  examined  with  a  beam  of  light.  The  same  appearance  was 
noticed  as  in  the  case  of  the  original  hydrate.  After  two  or  three 
days  had  elapsed,  it  was  again  examined.  Just  the  same  luminous 
beam  was  still  observed. 

Chromic  Chloride. 

While  engaged  in  preparing  some  colloidal  chromium  hydrate,  we 
had  occasion  to  notice  certain  facts  with  regard  to  the  solubility  of 
chromium  chloride.  As  is  well  known,  prolonged  boiling  with  water 
will  only  effect  gradual  dissolution  of  chromium  chloride.  The 
addition  of  a  trace  of  chromous  chloride,  however,  makes  it  dissolve 
much  more  rapidly.  In  our  case,  some  beautifully  crystalline  "  re- 
sublimed  "  chromic  chloride  was  treated  with  water,  and  a  little 
chromous  acetate,  containing  excess  of  hydrogen  chloride,  then 
iidded.  In  the  cold,  dissolution  was  slowly  effected.  Some  of  the 
liquid  was  allowed  to  stand  for  some  time,  and  then  sealed  in  a 
glass  tube. 

*  This  formula  is  taken  from  Ramsay's  Si/stem  of  Inorganic  Chemistry. 
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TyndalVs  Experiment. — The  liquid  was  examined  in  tlie  same  way 
as  before,  and  was  found  to  give  a  well-marked,  soft  beam.  We  con- 
cluded that  the  chromic  chloride  was  probably  dusty  or  impure. 
After  keeping  it  a  few  days,  the  tube  was  again  examined,  and  this 
time  the  track  of  the  beam  of  light  was  no  longer  visible.  The 
hydrochloric  acid  present  would  prevent  the  formation  of  basic  salts. 
From  the  results  of  our  other  experiments,  it  seems  to  us  most 
probable  that  we  are  here  actually  observing  the  slow  breaking  up  of 
molecular  aggregates  with  the  final  formation  of  a  crystallisable 
solution.  The  theoretical  meaning  of  these  experiments  will  be  dis- 
cussed further  in  the  sequel. 

Chromic  Hydrate. 

The  solution  of  chromic  hydrate  in  chromic  chloride  shows  a  well- 
marked,  luminous  beam.  It  was,  therefore,  needless  to  examine  the 
dialysed  solution.  The  chromic  chloride  used  showed  no  luminous 
beam. 

Aluminium  Hydrate. 

The  solution  of  aluminium  hydrate  in  the  chloride  showed  a  well- 
marked,  laminous  beam. 

Both  these  solutions  are  thus  similar  to  the  ferric  hydrate  solution. 

Silicic  Acid. 

Silicic  acid  affords  a  very  characteristic  case  of  colloidal  solution,, 
and  it  is  thus  of  obvious  interest  to  examine  it.  Sodium  silicate 
solution  was  treated  rapidly  with  excess  of  hydrochloric  acid  so  as  to 
redissolve  the  silicic  acid  formed. 

I.  Solution  in  Presence  of  Hydrochloric  Acid. 

TyndalVs  Experiment. — The  undialysed  solution,  in  presence  of  a 
very  slight  excess  of  hydrochloric  acid,  showed  no  luminous  beam  on 
passing  a  ray  of  light  through  the  liquid.  Some  of  the  dialysed 
solution,  to  which  hydrochloric  acid  had  been  added,  showed  no 
luminous  beam.  Some  of  the  silicic  acid  solution,  in  presence  of 
hydrochloric  acid,  was  gelatinised  by  evaporation  and  redissolved  in 
presence  of  acid.  It  showed  no  luminous  beam.  It  is,  therefore,, 
evident  that,  in  presence  of  hydrochloric  acid,  silicic  acid  does  not  in 
solution  form  molecular  aggregates  of  sufficient  size  to  scatter  light. 

Evaporation. — As  the  solution  did  not  scatter  light,  it  was  thought 
that  if  evaporated  in  presence  of  hydrochloric  acid  it  might  possibly 
crystallise.  Some  of  it  was  allowed  to  slowly  evaporate  in  a  current 
of  dry  air  mixed  with  hydrochloric  acid.      It  gelatinised,  however, 
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thus  seeming  to  behave  like  a  colloid,  though  too  finely  subdivided  to 
yield  a  positive  result  with  Tyndall's  experiment. 

Filtration  through  a  Porous  Cell. — A  strong  solution  of  silicic  acid 
was  obtained  by  the  rapid  addition  of  hydrochloric  acid  to  sodium 
silicate.  The  solution  was  then  filtered  as  before  through  a  porous 
cell.  Silicic  acid  at  once  came  through  in  large  quantities.  It  was 
obtained  in  the  amorphous  state  after  evaporation  on  the  water -bath 
and  dissolving  out  the  sodium  chloride.  This  result  is  particularly 
interesting  as  presenting  us  with  the  case  of  a  colloid  the  molecules 
of  which  can  pass  through  the  fine  pores  of  a  cell.  The  cases  of 
ferric  hydrate  and  haemoglobin  are  in  interesting  contrast  to  this. 

II.  Dialysed  Solution  Free  from  jSydrochloric  Acid, 

The  solution  was  set  dialysing  on  Wednesday.  It  was  left,  with 
frequent  changes  of  water,  till  Saturday,  and  then  without  change 
till  Monday.     The  solution  was  now  free  from  chloride. 

TyndalVs  Experiment. — A  portion  of  the  solution  was  sealed  up  on 
Monday  (October  19).  Examined  with  lime  light,  it  gave  a  very 
feebly  luminous  beam,  scarcely  greater  than  that  observed  with, 
ordinary  distilled  water.  On  Tuesday,  the  tube  was  re-examined, 
and  this  time  a  distinct,  soft  glow  was  observed  in  the  track  of  the 
light.  Obviously,  a  slow  condensation  was  taking  place  after  the 
removal  of  the  hydrochloric  acid.  From  October  23  to  November  23 
no  further  change  has  been  observed  in  the  tube.*  The  silica,  in 
presence  of  a  very  slight  excess  of  acid  (see  above),  continues  to  show 
no  beam.  A  few  filaments  of  silica  have,  however,  developed  in  the 
tube.     The  other  acid  solutions  (see  above)  are  unchanged. 

Molyhdic  Acid. 

Some  pure  "  colloidal  molybdic  acid  "  solution  was  kindly  lent  us 
by  Miss  Aston.  The  solution  was  allowed  to  stand  in  tubes  for 
about  10  days,  to  allow  some  small,  solid  particles  to  settle.  On 
evaporation  on  the  water-bath,  the  solution  leaves  a  gelatinous  film 
which  breaks  up  into  radiating  rods,  giving  it  an  almost  crystalline 
appearance.  Evaporated  over  sulphuric  acid,  a  fj^elatinous  residue  is 
also  obtained. 

TyndalVs  Experiment. — Only  a  very  faint  track  of  light,  like  that 
observable  with  distilled  water,  could  be  seen  on  passing  a  ray  of 
light  through  this  liquid.  The  solution  does  not,  therefore,  contain 
molecular  aggregates  large  enough  to  possess  the  power  of  scattering 
light. 

*  The  silica  solution  was  dilute. 
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Filtration  through  a  Porous  Cell. — The  molybdic  acid  passes  at  once 
througli  our  porous  cell. 

The  following  organic  substances  have  been  examined  : — 

Cellulose. 

Cellulose  was  dissolved  in  Schweitzer's  solution,  and  the  clear 
liquid  allowed  to  settle  for  several  days.  The  Schweitzer's  solution 
itself  showed  a  very  feeble  luminous  beam  when  a  ray  of  light  was 
passed  through  it. 

TyndalVs  Experiment. — The  cellulose  solution  showed  a  well  marked 
glow  when  the  ray  of  light  was  passed  through  it.  The  light  of  this 
glow  was,  as  usual,  polarised. 

Starch. 

Soluble  starch  v/as  prepared  by  dissolving  starch  in  glycerine, 
pouring  into  water,  and  then  precipitating  by  alcohol.  The  precipi- 
tated starch  was  redissolved  in  water  and  again  precipitated.  A 
strong  solution  was  made  from  the  starch  so  obtained. 

TyndalVs  Experiment. — A  tube  of  the  clear  solution  showed  a  well- 
marked,  luminous  beam  with  a  ray  of  light.  Polarisation  was  com- 
plete. 

Diffusion  Experiment. — A  strong  starch  solution  was  set  diffusing 
on  Wednesday,  July  8.  By  a  siphon,  fixed  to  the  side  of  the  beaker, 
samples  of  a  diffasate  could  be  drawn  oif  without  causing  any 
disturbance  in  the  liquid.  On  Wednesday,  July  15,  samples  of  the 
outer  liquid  were  drawn  off.  This  gave  so  faint  a  colour  with  iodine 
that,  in  a  test-tube,  the  tint  was  hardly  perceptible.  Practically,  no 
diffusion  had  occurred.  It  is  no  use  exposing  the  starch  solution  to 
more  prolonged  diffusion,  as  it  undergoes  chemical  changes,  and  the 
experiments  are  thus  invalidated.  Some  of  the  starch  solution  from 
the  diffusing  bottle  was  tested  with  a  ray  of  light,  and  gave  a  well- 
m.arked,  polarised  beam. 

From  these  experiments,  it  appears  probable  that  the  starch  exists 
in  solution  in  states  of  aggregation  larger  than  those  of  a  diffusible 
arsenic  solution. 

"  Congo-Bed:' 

In   some    experiments   on   the   filterability   of   bodies  of  varying 
molecular  complexity  through  porous  pots,  we  made  use  of  Congo-red, 
CeH^-NlN-CoH^CNHO-SOsNa     ^.        ,       ,    .         •     .     .u 
CeH..N:N.C.oH.(NH,).S03Na-    ^^""^^  "'*  ^^  '^^^""^  ^^^  '^'  P'^^P""^^'^ 
we  at  first  intended,  it  has  yielded,  among  others  : — 
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I.  Neutral  Solution. 

Congo-red  dissolves  very  easily  in  water,  giving  a  deep,  red-brown 
solution. 

TyndalVs  Experiment. — The  fluorescent  solution  gives  a  well-marked, 
polarised  beam. 

Filtration  througli  a  Forous  Cell. — The  very  deep-coloured  solution 
was  filtered  under  pressure  for  nearly  two  hours.  At  least  60  c.c.  ot! 
water  were  passed  through  the  small  porous  pot.  The  inner  liquid 
showed  only  a  faint  tinge  of  colour,  probably  due  to  some  slight  leak. 

Fiffusion  Fxperiment. — In  this  experiment,  a  slight  amount  of 
coloration  of  the  outer  water  was  noticed  during  the  first  two  days, 
but  did  not  afterwards  perceptibly  increase.  The  coloration  might 
be  due  to  slight  currents  or  to  the  presence  of  some  diffusible 
substance.  Certainly  the  Congo-red,  as  a  whole,  did  not  diffuse. 
The  same  solution  was  recovered  on  Friday,  the  outer  water  changed, 
and  the  diffusion  allowed  to  proceed  till  Monday.  A  very  slight 
coloration  of  the  outer  liquid  was  observed,  less  than  in  the  previous 
case. 

II.  Acid  Solution. 

The  acid  Congo-red  has  a  fine  purple-blue  colour. 
TijndalVs  Fxperiment. — With   a   ray   of   light,    this   gives   a  well- 
marked,  polarised  beam. 

III.  Alkaline  Solution. 

The  alkaline  Congo-red  has  a  clear,  red  colour  without  the  brown 
tinge  of  the  neutral  substance. 

TyndalVs  Experiment. — This  solution  showed  no  luminous  beam 
when  a  ray  of  light  was  passed  through  it. 

Filtration  through  a  Forous  Cell. — Filtered  under  pressure,  the 
filtrate  was  in  20  minutes  as  strongly  coloured  as  the  outer  liquid. 

Hcomoglohin. 

In  seeking  for  a  body  likely  to  be  of  service  in  connecting  colloidal 
with  crystalloidal  solution,  we  naturally  turned  our  attention  to  the 
case  of  haemoglobin.  This  substance  is  easily  obtained;  it  fijrms 
several  readily  crystallisable  derivatives,  and  it  affords  an  instance  of 
enormous  molecular  complexity.  Its  percentage  composition  (dog)  is 
given  as  :—C,  53-85  ;  H,  7-32  ;  N",  1617  ;  Fe,  042  ;  S,  0-39  ;  0,21-84. 
Preyer  assigns  it  the  empirical  formula  CeooHgsoNieAFeSaOno-  It  is 
possible  that  the  molecular  weight  may  be  much  greater  than  this. 
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Owing  to  the  small  percentage  of  iron  present,  this  is  the  simplest 
formula  that  can  be  assigned.  Obviously  it  is  of  great  interest  to 
determine  the  analogies  between  a  crystallisable  solution  containing 
these  exceedingly  complex  molecules  and  the  colloidal  solutions, 
some  at  least  of  which  we  haye  seen  contain  aggregates  large  enough  to 
scatter  and  polarise  light. 

I.   Oxyhcemoglobiti. 

Preparation. — Fresh,  defibrinated  dog's  blood  was  shaken  with 
ether  and  allowed  to  stand  till  it  had  formed  a  magma  of  crystals 
The  liquid  was  then  centrifugalised,  the  upper  layer  drawn  off,  and 
the  crystals  well  stirred  with  water  and  alcohol.  The  mixture  was 
again  centrifugalised,  the  washing  being  repeated  five  times.  The 
crystals  thus  purified  from  serum-albumin  were  dissolved  in  the 
smallest  quantity  of  water,  alcohol  added,  and  the  solution  allowed 
to  stand  in  ice.  In  the  course  of  24  hours,  the  haemoglobin  had  again 
crystallised  out.  After  once  more  centrifugalising,  the  haemoglobin 
obtained  was  used  in  the  following  experiments.  The  red  mass,  when 
examined  under  the  microscope,  showed  a  beautifully  crystalline 
structure.*  On  allowing  some  of  these  crystals  to  drop  into  water, 
they  dissolve,  especially  if  the  water  be  very  slightly  warmed,  formings 
a  beautiful,  clear,  red  solution. 

TyndalVs  Experiment. — Some  of  the  red  solution  was  filtered,  a  few 
floating  particles  being  discernible.  The  perfectly  clear  liquid  was 
then  examined  with  a  ray  of  lime  light.  A  distinct,  soft,  luminous 
beam  was  observed,  the  light  of  which  was  completely  polarised. 
The  solution  contained  about  0*3  or  0*4  per  cent,  of  oxyhaemoglobin, 
and  it  seems  quite  impossible  that  in  a  solution  so  dilute  there  could 
have  been  sufficient  impurity  to  account  for  this  beam.  Besides  this,, 
presence  of  dust  or  other  solid  impurities  is  indicated  by  a  beam  of 
quite  different  appearance,  and,  if  the  expression  may  be  permitted, 
by  one  far  less  close  in  texture.  We  have  every  reason  to  believe 
that  the  hgemoglobin  solution  thus  carefully  prepared  contains  no 
impurity  sufficient  to  mar  these  results. 

Examined  spectroscopically,  the  solution  gave  the  characteristic 
and  well-marked  absorption  spectrum  of  oxyhaemoglobin. 

V/e  have  here  what  is  probably  the  second  case  (see  ferric  hydrate) 
of  a  crystallisable  solution  revealing  the  presence  of  molecular 
aggregates  or  molecules  sufficiently  large  to  scatter  light. 

Filtration  through  a  Porous  Cell. — This  method  seems  to  possess 

*  It  is  quite  possible,  with  appropriate  means,  to  obtain  crystals  several  centi- 
meters in  length,  but  for  our  purpose  the  above  method  was  sufficient.  These 
crystals  can  be  obtained  from  defibrinated  blood  without  any  addition  of  alcohol. 
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considerable  advantages  over  the  ordinary  oae  of  dialysis.  In  tlie 
first  place,  it.  is  difficult  to  obtain  a  thin  membrane  quite  free  from 
inequalities,  and,  in  the  next  place,  the  process  of  dialysis  is,  neces- 
sarily, rather  prolonged,  and  in  the  case  of  rather  unstable  bodies  is, 
therefore,  not  very  applicable.  The  crystallised  haemoglobin  is  said 
to  be  capable  of  diffusing  very  slowly  through  animal  membranes. 
Owing  to  the  rapid  and  decisive  results  obtained  by  the  above  method 
in  other  cases,  we  applied  this  test  to  the  dissolved  hgemoglobin 
crystals.  The  solution  vras,  therefore,  filtered  under  pressure  in  the 
way  described  in  the  previous  paper.  After  filtering  for  2  or  3. 
hours  and  thus  obtaining  three  cellfuls  of  filtrate,  the  liquid  still 
came  through  the  cell  as  clear  and  colourless  as  pure  distilled  water, 
while  the  outer  liquid  had  a  brilliant  scarlet  hue.  The  haemoglobin 
molecules  or  their  aggregates  are,  therefore,  too  large  to  pass  through 
the  pores  of  our  porous  cell.  As  in  the  case  of  other  solutions, 
possessing  this  property,  the  molecular  aggregates  are  large  enough 
to  scatter  and  polarise  light. 

These  results  make  it  impossible  to  avoid  the  conclusion  that  there 
is  no  hard  and  fast  line  between  colloidal  and  crystalloidal  solution. 
More  strikingly  does  this  seem  to  be  the  case  when  we  remember  that 
silicic  acid,  in  presence  of  hydrochloric  acid,  passes  readily  through 
the  pores  of  a  porous  cell,  though  it  has  not  been  obtained  crystalline 
from  this  solution,  and  must,  therefore,  at  least  crystallise  far  less 
readily  than  haemoglobin. 


II.  Carbonic  Oxide  Hoemoglohin. 

This  derivative  of  haemoglobin  is  crystalline  and  very  stable. 
Stirling  mentions  that  he  has  kept  carbonic  oxide  haemoglobin  in  a 
stoppered  bottle  fbr  four  years  without  alteration  (Landois  and 
StirJing,  1,  34).  It  is  readily  obtained  by  passing  carbonic  oxide 
through  a  solution  of  haemoglobin.  The  solution  thus  obtained  from 
the  recrystallised  haemoglobin  was  examined  spectroscopicallj,  and 
showed  the  characteristic  shifting  of  the  two  oxyhaemoglobin  bands 
towards  the  violet. 

•  TyndalVs  Experiment. — Examined  with  a  ray  of  light,  the  solution 
showed  a  well-defined,  luminous  be«fn.  A  strong  solution  of  the 
carbonic  oxide  haemoglobin  was  recrystallised,  and  some  of  the 
crystals  redissolved.  The  same  beam  was  again  observed,  and  the 
light  was  found  to  be  completely  polarised. 

r  Filtration  through  a  Porous  Cell. — As  in  the  case  of  oxyhaemog-lobin, 
the  solution  could  not  pass  through  the  pores  of  the  cell.  The 
filtrate  was  absolutely  colourless.  It  is  noteworthy  that  this  observa- 
tion  coincides   with    the  general  rule,  hitherto  observed,  that  non- 
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filterability  is  coincident  with  inability  to  scatter  light.     Exceptions 
to  this  rule  may,  however,  be  hereafter  found. 


Magdala-Bed.     NaphtJiylamidoazonapJithalene  (C3oH2oN'4). 

This  substance,  being  readily  obtainable,  was  chosen  as  a  crystal- 
line body  of  less  complexity  than  hfemoglobin,  but  still  possessing  a 
■complicated  molecule.  Its  vivid  colour  also  made  it  peculiarly  ser- 
viceable in  our  experiments  (see  below).  The  solution  in  alcohol  is 
bright  pink  by  transmitted  light,  and  has  a  magnificent  golden 
fluorescence. 

TyndaWs  J^xperiment. — The  track  of  the  ray  of  light  was  marked 
■by  a  beautiful  glow  of  colour.  When  examined  with  the  Nicol's 
prism,  the  scattered  light  was  found  not  to  be  polarised. 

Filtration  through  a  Porous  Cell. — The  alcoholic  solution  filtered 
■through  a  porous  cell  at  once  showed  the  vivid  colour  of  Magdala-red 
in  the  filtrate. 

A  new  Property  of  certain  Solutions, 

We  propose  in  this  place  to  give  some  preliminary  account  of  a 
remarkable  property  we  have  observed  in  some  solutions  ;  this  con- 
sists in  the  repulsion  of  the  dissolved  substa-nce  as  a  whole  from  one 
pole  to  another  when  we  immerse  in  the  liquid  electrodes  connected 
with  a  galvanic  battery.  Our  experiments  are  not,  as  yet,  far  ad- 
vanced, but  it  seems  appropriate  in  this  place  to  give  a  preliminary 
•account  of  them,  as  they  may  prove  of  service  in  ascertaining  the 
connection  between  colloidal  and^  crystolloidal  solution.  We  do  not 
propose  to  do  more  here  than  give  some  of  the  experimental  results 
obtained.  It  is  difiicult  to  frame  a  theory  which  will  account  for 
them,  but  the  facts  are  as  follows.  We  will  give,  first,  the  results 
•obtained  with  arsenic  sulphide,  as  this  substance  was  most  thoroughly 
investigated  ;  and  then  some  experiments  dealing  with  substances 
ranging  from  pseudo-solution  to  crystallisable  solution. 

Arsenious  Sulphide. — The  first  experiments  consisted  in  immersing 
the  electrodes  connected  with  a  storage  battery  in  some  of  the  diff'u- 
sible  arsenic  sulphide  solution.  As  was  expected,  no  appreciable 
electrolysis  occurred,  but  the  sulphide  was  gradually  driven  down 
below  the  electrodes.  It  showed  no  signs  of  coagulation,  but,  on  the 
•contrary,  when  the  connections  were  broken,  it  began  to  diffuse  up 
slowly  through  the  liquid.  This  is  not  an  effect  of  decomposition, 
nor  does  gravity  play  more  than  a  subsidiary  part,  as  is  shown  by  the 
subsequent  experiment. 

In  the   next  experiment,  a  V"^^!^^®  ^^^  partially  filled  with  the 
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arsenic  solution  and  the  electrodes  just  immersed  in  the  liquid.  The 
electrodes  were  at  a  distance  of  about  30  cm.  from  each  other.  In- 
about  10  minutes,  the  sulphide  was  observed  to  be  descending  from 
the  negative  electrode.  The  descent  slowly  continued  till  about 
6  cm.  of  colourless  liquid  were  observable  at  the  negative  pole.  The- 
liquid  at  the  positive  electrode  was,  meanwhile,  unchanged,  and  re- 
mained so  for  an  hour  and  a  half,  during  which  it  was  observed. 
The  experiment  was  left  all  night,  and  by  next  morning  a  con- 
siderable descent  of  the  liquid  in  the  limb  containing  the  positive 
electrode  was  also  observed.  The  colourless  liquid  at  the  negative 
pole,  when  tested,  was  found  to  contain  neither  arsenic  nor  sulph- 
uretted hydrogen. 

A  much  more  definite  experiment  was  made  with  the  use  of  a  tube 
of  the  kind  shown,  having  electrodes  sealed  into  it  at  A  and  B.  The 
tubes  made  use  of  are  30  cm.  long.  By  the  use  of  these  tubes  not 
only  is  the  liquid  to  a  large  extent  protected  from  the  air,  but  any 
gaseous  products  of  electrolysis  are  at  once  apparent,  and  the  different 
actions  of  the  two  electrodes  can  be  well  studied. 


^ 


Freshly  prepared,  strong,  diffusible  arsenic  sulphide  solution  was 
introduced  into  the  tube  on  Saturday.  The  solution  contained  about 
11  grams  of  the  sulphide  per  litre.  A  battery  with  an  electromotive 
force  of  about  10  volts  was  connected  with  the  electrodes,  and  a 
galvanometer  placed  in  the  circuit.  A  deflection  of  1-25°  was 
observed,  corresponding,  in  the  galvanometer  used,  to  a  current  of 
about  0-000007  ampere. 

On  the  actual  experiment,  a  battery  with  electromotive  force  of 
8  volts  was  used.  At  2  p.m.  on  Saturday,  the  experiment  was  started. 
The  negative  pole  was  connected  with  A,  the  positive  with  B.  The 
experiment  was  left  over  Sunday,  and  on  Monday  at  10  a.m.,  the 
sulphide  was  found  to  have  been  driven  down  11*5  cm.     By  1  p.m.  it 
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had  been  driven  down  0*3  cm.  further,  a  total  of  11 '8  cm.  The 
rate  of  fall  was  now  evidently  becoming  slower. 

The  repulsion  being  much  greater  from  the  negative  pole,  the 
current  was  now  reversed  at  1  p.m.  to  see  whether  the  sulphide 
could  be  driven  up  again.  By  4  p.m.,  the  level  of  the  sulphide 
surface  had  risen  2  cm.  By  Tuesday  at  9  a.m.,  it  had  risen  altogether 
8*7  cm.  All  this  time  there  was  absolutely  no  evolution  of  electro- 
lytic gases.  The  battery  was  removed  at  2.30  and  again  connected 
at  4.30  P.M.  By  Wednesday  at  9  a.m.,  the  total  rise  was  10*2  cm. 
It  had  now  reached  the  positive  electrode  and  the  rate  of  rise  which 
had  at  first  been  remarkably  rapid,  was  now  obviously  much  decreased. 
During  Wednesday,  the  battery  was  connected  up  for  3f  hours 
without  any  further  rise  being  observed,  and  on  leaving  it  all  night, 
the  appearance  remained  exactly  the  same.  The  liquid  round  the 
negative  pole  was  still  coloured,  thus  showing  a  distinct  difference 
from  the  action  observed  when  the  negative  electrode  was  at  the  top. 

On  Thursday,  the  current  was  once  more  reversed.  By  Friday 
morning,  the  sulphide  had  been  driven  down  6*2  cm. 

The  liquid  was  now  coagulated  and  tested  for  sulphuretted 
hydrogen  and  arsenious  acid.  No  trace  of  either  could  be  detected. 
One  very  small  bubble  of  gas  was  now  observed  in  the  tube,  the  result 
of  six  days  electrolysis. 

Shellac. — Shellac  does  not  dissolve  in  water,  but  it  may  be  obtained 
in  a  state  of  pseudo-solution  in  that  liquid  by  allowing  a  few  drops  of 
the  alcoholic  solution  to  fall  into  water.  The  shellac  in  this  solution 
13  repelled  from  the  negative  electrode. 

Ferric  Hydrate. — Some  dilute  colloidal  ferric  hydrate  (dialysed)  was 
similarly  treated  in  a  V'^'^^®'  ^^®  electrodes  being  30  cm.  apart. 
Left  over  night,  the  ferric  hydrate  was  found  to  have  been  distinctly 
repelled  from  the  positive  electrode,  the  liquid  in  the  corresponding 
limb  of  the  tube  being  markedly  paler  in  colour.  At  the  same  time, 
a  very  slight  deposit  of  ferric  hydrate  was  observed  on  the  negative 
•electrode. 

Hmmoglohin. — Pure  haemoglobin  crystals  dissolved  in  water  to 
a  bright-red  solution  were  treated  in  the  same  manner  in  a  U^^^b®- 
The  battery  employed  had  an  E.M.F.  of  about  8  volts.  The  elec- 
trodes were  13"5  cm.  apart.  The  experiment  was  left  over  night, 
the  tube  being  immersed  in  ice  to  prevent  any  spontaneous  de- 
composition of  the  hoBmoglobin.  The  hemoglobin  was  markedly 
repelled  from  the  positive  electrode.  In  the  corresponding  limb, 
4  cm.  of  colourless  liquid  was  obtained,  the  haemoglobin  surface 
having  sunk  to  that  extent.  At  the  same  time,  a  small  depression 
(0*5  cm.)  had  occurred  in  the  opposite  limb.  The  haemoglobin  thus 
repelled  was  examined  spectroscopically.     Throughout  its  extent  it 
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gave  the  normal  absorption  spectrum  of  oxyhsemoglobin.  The 
apparently  colourless  liquid  showed  no  absorption  spectrum. 

Magdala-Bed. — In  the  case  of  Magdala-red,  repulsion  is  observed 
from  the  positive  electrode.  With  weak  solutions,  the  liquid  round  the 
positive  electrode  becomes  very  nearly  colourless.  The  experiments 
were  performed  in  a  U  -tube.  It  was  found  that  when  a  very  strongly 
coloured  solution  was  used,  the  Magdala-red  obtained  a  certain  con- 
centration in  the  negative  limb,  and  then  no  further  action  appeared 
to  occur.  With  weak  solutions,  the  experiment  may  be  repeated 
many  times  without  producing  any  change  in  the  character  of  the 
Magdala-red.  The  colouring  matter  was  dissolved  in  absolute  alcohol, 
and  the  deflection  of  the  galvanometer  needle  amounted  in  one  case 
to  about  0*25°,  indicating  a  current  of  approximately  O'OOOOOl 
ampere. 

Several  other  liquids  have  been  found  to  exhibit  similar  properties, 
but  further  details  are  reserved  for  a  future  occasion,  when  we  hope 
to  have  more  thoroughly  investigated  the  subject. 

In  the  earlier  stages  of  these  experiments  the  suggestion  was  an 
obvious  one,  that  the  phenomena  observed  were  due  to  a  change  in 
state  of  aggregation  of  the  substance  present  in  the  solution.  As  the 
experiments  multiplied,  this  explanation  became  increasingly  im- 
probable, but  as  it  is  the  one  which,  at  first  sight,  seems  most  natural, 
it  is  necessary  to  have  a  considerable  weight  of  evidence  before 
rejecting  it.  We  shall,  therefore,  here  shortly  state  some  of  the 
considerations  which  seem  to  us  to  conclusively  prove  the  above 
theory  to  be  untenable. 

1.  If  we  are  to  suppose  that  the  downward  movement  of  the  dis- 
solved substance  is  the  result  of  mechanical  settling,  due  to  formation 
of  larger  aggregates,  these  aggregates  must  be  of  comparatively 
enormous  size.  This  is  obvious  in  the  case  of  the  arsenious  sulphide 
solution  above  referred  to,  for  while  suspensions  containing  visible 
particles  sometimes  take  many  months  to  settle,  the  above  solution  at 
first  consists  of  particles  so  small  as  to  be  readily  diffusible,  and  yet 
under  electrical  influence  settles  with  great  comparative  rapidity. 
Moreover,  these  aggregates,  if  formed,  must  be  again  broken  up  on 
disconnecting  the  battery,  since,  then,  not  only  does  the  downward 
movement  cease,  but  the  characteristic  upward  diffusion  of  the 
sulphide  sets  in.  Now  this  subdivision  of  the  larger  aggregates  is 
just  one  of  the  changes  which,  in  the  case  of  arsenious  sulphide,  we 
have  found  it  impossible  to  effect.  Thus  arsenious  sulphide  y3,  in 
Avhich  we  have  been  unable,  as  yet,  to  detect  visible  particles,  cannot, 
apparently,  be  converted  into  arsenious  sulphide  7.  Furthermore,  a 
concentrated  solution  of  arsenic  7  appears  to  contain  somewhat  larger 
aggregates  than  those  of  a  dilute  solution,  though  they  are  still  quite 
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invisible.  On  diluting  the  strong  solution,  these  do  not  seem  to  be 
broken  up,  for  a  solution  so  diluted  is  distinctly  more  fluorescent  than 
a  dilute  solution  directly  obtained. 

2.  The  upward  movement  of  the  sulphide,  in  the  manner  described, 
is  similarly  opposed  to  the  theory,  but  it  has  been  suggested  that  this 
is  due  to  the  removal  of  the  upper  surface  of  the  liquid  from  the 
sphere  of  action  of  the  negative  electrode,  consequent  breaking  up  of 
the  aggregates,  and  resulting  liability  to  diffusion.  Apart  from  pre- 
vious considerations,  this  is  opposed  by  the  fact  that  the  upward 
moven)ent  observed  is  entirely  different,  both  in  rapidity  and  charac- 
ter, from  the  ordinary  diffusion  of  the  sulphide.  Thus  the  rise  of 
level  of  2  cm.  in  three  hours,  already  described,  would  probably  have 
occupied  more  than  24  hours  in  the  case  of  simple  diffusion.  More- 
over, in  that  case  the  sharply-defined  surface  of  the  concentrated 
solution  steadily  rose,  with  scarcely  any  of  the  shading  off  at  the 
surface  observed  in  ordinary  diffusion. 

3.  That  no  formation  of  larger  aggregates  occurs  in  the  case  of 
Magdala-red,  is  plain  from  the  following  experiment.  In  a  suitable 
apparatus,  with  electrodes  about  2  cm.  apart,  the  solution  was  treated 
electrically,  while  a  ray  of  lime-light  was  passed  between  the  elec- 
trodes. IsTo  polarisation  of  the  scattered  light  could  be  observed.  It 
is  therefore  obvious  that  no  marked  condensation  had  occurred. 

In  the  case  of  Magdala-red,  also,  the  concentration  of  the  solution 
may  be  made  to  occur  towards  the  upper  or  lower  electrodes,  accord- 
ing to  the  arrangem.ent  of  the  connections  with  the  battery. 

4.  The  remaining  hypothesis,  that  the  apparent  repulsion  may  be 
due  to  decolorisation  produced  by  the  products  of  electrolysis,  is  ob- 
viously not  in  accord  with  the  results  obtained  with  arsenious  sulph- 
ide. Indeed,  when  we  consider  how  excessively  small  an  amount  of 
such  products  there  must  be  (as  deduced  from  the  observed  strength 
of  current),  we  see  that  this  hypothesis  scarcely  needs  refutation. 
Obviously,  it  cannot  be  applied  to  such  a  case  as  that  of  shellac,  and, 
to  cite  another  instance,  the  behaviour  of  oxyha3moglobin  also  dis- 
proves it.  If  decomposed,  as  suggested,  it  would  not  yield  colourless 
products,  but  would  show  the  spectrum  of  hoBmatin. 

5.  Microscopical  examination,  so  far  as  at  present  conducted,  is  in 
accord  with  the  above  arguments.  An  indigo  suspension,  in  which 
the  particles  were  well  seen  with  a  I/5th  objective,  showed  us  these 
particles  repelled  rapidly  from  one  electrode  and  attracted  towards 
the  other  without  any  apparent  change  in  the  state  of  aggregation. 
Under  similar  influence,  arsenic  7  showed  no  visible  particles,  and, 
though  we  have  not  been  yet  able  to  examine  the  arsenic  with  a 
higher  power,  one  would  certainly  expect  particles  capable  of  settling 
at  the  above  described  rate  to  be  visible  with  the  power  employed. 
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It  may  be  that  the  aggregates  in  these  solutions  are  in  an  electrified 
condition,  bat  on  this  subject  it  would  be  rash  to  dogmatise  at 
present. 

The  only  phenomenon  in  any  way  resembling  the  above  with  which 
we  are  acquainted  is  that,  on  passing  a  current  through  acidified 
water  divided  into  two  parts  by  a  septum,  the  level  of  the  water  rises 
on  that  side  of  the  septum  at  which  the  negative  electrode  is  im- 
mersed (Porret).  How  far  this  phenomenon  is  really  analogous  to 
the  above,  we  cannot  say  at  present  with  any  certainty. 


Theoeetical. 

It  seems  to  as  that  in  the  preceding  part  of  this  paper,  we  have 
made  out  at  least  a  good  prima  facie  case  for  the  belief  that  between 
obvious  suspension  and  crystallisable  solution  there  is  no  break  in  the 
series  of  grades  of  solution.  We  have  seen  that  colloidal  solution  in 
many  ways  resembles  liquid  containing  solid  particles  in  suspension. 
We  have  seen  that  we  can  pass  from  solution  in  which  these  particles 
are  visible  under  the  microscope  to  those  in  which  they  are  invisible, 
but  indifPusible,  and  thence  to  those  invisible  and  diffusible.  These 
solutions  show  also  gradations  of  permanency,  and  differ  as  to 
re-solubility.  In  some  cases,  such  as  arsenic  sulphide,  we  cannot  re- 
dissolve  the  solid  after  precipitation  ;  in  others,  mercuric  sulphide, 
starch,  for  example,  we  can  readily  effect  re-solution.  We  are  thus 
presented  with  varying  degrees  of  action  between  the  solvent  and  the 
solid.  Further  up  the  series  we  find  evidence,  as  in  silicic  acid,  of 
colloids  in  a  still  finer  state  of  subdivision,  and  giving  no  positive 
evidence  of  the  presence  of  solid  particles.  We  then  come  to  crystal- 
loids, such  as  the  compounds  9Feo03,FeCl3  and  haemoglobin,  showing 
evidence  of  particles,  yet  by  their  ready  re-solubility,  permanence, 
and  power  to  resist  the  influence  of  salts  are  evidently  in  a  state  of 
comparatively  perfect  solution.  From  these  we  pass  to  crystalloids 
in  which  no  particles  are  discernible,  but  which  are  not  electrolytes, 
and  finally  to  those  which  are  electrolytes.  True  fluorescent  solutions 
show  a  luminous  beam  when  a  ray  of  light  is  passed  through  them, 
but  the  scattered  light  is  not  polarised.  This  kind  of  fluorescence 
is  apparently  unconnected  with  molecular  complexity. 

The  electrical  evidence  is  also  of  great  interest  from  the  point  of 
view  of  the  general  theory  of  solution.  We  hope  before  long  to 
present  to  the  Society  a  further  series  of  results  on  this  subject,  but 
we  may  here  point  out  the  similarity  of  behaviour  exhibited,  under 
this  test,  by  more  and  less  complex  molecules.  Colloidal  arsenic 
sulphide  is  repelled  from  one  of  the  electrodes  in  a  similar  manner  to 
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colloidal  ferric  hydrate,  to  baomoglobin,  and  to  Magdala-red.  What 
the  precise  differences  are  in  the  different  cases  and  in  the  case  of 
electrolytes  must  be  examined  into  on  another  occasion.  We  are  here 
only  concerned  to  point  out  the  similarities. 

From  obvious  suspension,  then,  we  pass  to  colloidal  solution,  from 
colloidal  solution  to  non-electrolytic  crystallisable  solution,  and  from 
these  it  is  probably  only  one  step  further  to  electrolytic  solutions, 
now  often  regarded  as  dissociated.  This  change  may  be  regarded  as 
continuous,  and  there  is  no  reason  to  suppose  that  a  sharp  line 
separates  the  different  states  of  matter  from  each  other.  The 
tendency  of  all  modern  investigation  is  to  show  that  there  are  no 
such  things  as  boundaries  in  nature,  and  in  this  case,  like  others,  they 
seem  to  disappear  on  examination. 

But  it  is  obviously  not  a  question  of  msre  subdivision,  nor  can  we 
regard  the  colloidal  solution  as  cases  of  mere  mechanical  suspension. 
At  one  end  of  the  series,  where  a  powdered  solid  is  kept  temporarily 
suspended  by  being  thoroughly  shaken  up  with  a  liquid,  there  seems 
to  be  absolutely  no  action,  except  those  of  a  purely  mechanical  kind, 
between  the  solid  and  the  liquid  wherein  it  is  suspended.  As,  how- 
ever, we  pass  up  the  series  to  matter  in  a  more  perfect  state  of  sus- 
pension, it  becomes  impossible  to  avoid  assuming  some  action,  how- 
ever slight  and  indefinite,  of  a  more  chemical  nature  between  the 
liquid  and  the  solid,  which  it  retains  in  suspension.  For  instance, 
the  fact  that  sulphuretted  hydrogen  water  will  split  up  precipitated 
mercuric  sulphide  into  a  state  of  subdivision  so  fine  as  to  closely 
resemble  ordinary  colloidal  solution  appears  inexplicable  on  a  purely 
mechanical  hypothesis.  Some  attraction,  in  its  nature  more  re- 
sembling that  of  chemical  affinity,  there  must  surely  be  between  water 
molecules  or  sulphuretted  hydrogen  molecules,  or  both,  and  the 
particles  of  mercuric  sulphide.  Passing  further  up  the  series,  we 
may  take  as  another  example,  the  case  of  soluble  starch.  This  sub- 
stance dissolves  without  difficulty  in  water,  but,  as  long  suspected, 
and  as  further  proved  by  our  experiments,  the  starch  exists  in  the 
solution  in  the  form  of  finely-divided  particles,  and  these  are  not  in 
too  fine  a  state  of  subdivision  to  be  revealed  by  a  ray  of  light.  Such 
a  result  seems  inexplicable,  unless  we  assume  something  more  nearly 
approaching  chemical  attraction  between  water  and  starch. 

In  the  case  of  a  solution  of  ferric  hydrate  in  ferric  chloride,  there 
is  no  doubt  whatever  that  a  chemical  attraction  exists  between  solvent 
and  solid.  Not  only  is  a  definite  crystalline  compound  of  ferric  oxide 
and  chloride  said  to  have  been  isolated,  but,  on  coagulating  a  dialysed 
solution,  which,  as  is  well  known,  retains  no  inconsiderable  amount 
of  chloride,  the  chloride  is  found  to  be  thrown  out  of  solution  along 
with  the  hydrate.     But,  with  a  large  excess  of  chloride  present,  this 
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solution  shows  a  well-marked,  luminous  beam,  the  light  of  which  is 
completely  polarised.  The  solution  appears  to  be  perfectly  permanent. 
The  question  naturally  arises.  In  what  manner  is  the  ferric  chloride 
in  the  solution  combined  with  the  hydrate  ?  Are  the  aggregates 
revealed  by  a  ray  of  light  composed  of  the  two  components  of  the 
compound,  or  is  the  aggregate  of  ferric  hydrate  loosely  combined 
with,  or  attracted  by,  the  surrounding  molecules  of  ferric  chloride 
which  are  in  more  perfect  solution  ?  It  is  difficult  to  decide  such  a 
question  ;  but  it  seems  to  us  that  probably  both  forms  of  combination 
occur  at  once.  In  the  first  case,  we  should  have  an  example  of  mere 
mechanical  suspension,  unless  we  made  the  further  supposition  that 
the  combined  aggregates  were  loosely  attracted  by  the  water  mole- 
cules in  their  neighbourhood.  But  the  water  molecules  do  not  seem 
to  exert  so  powerful  an  influence,  for,  on  very  prolonged  dialysis  and 
consequent  gradual  dissociation  of  the  ferric  chloride  hydrate  com- 
pound, the  solution,  as  is  well  known,  has  a  tendency  to  gelatinise  on 
keeping.  The  simplest  supposition  appears,  therefore,  to  be  that  the 
aggregates  of  ferric  hydrate  are  held  in  solution  almost  entirely  by 
their  loose  union  with  surrounding  molecules  of  ferric  chloride,  them- 
selves in  a  state  of  more  perfect  solution.  The  fact  that  it  is  not 
merely  the  more  stably  combined  ferric  chloride  which  assists  solu- 
tion is  proved  by  the  experiment  of  adding  calcic  chloride  to  the 
dialysed  and  undialysed  liquid.  In  the  former,  precipitation  is  rapid  ; 
in  the  latter,  it  is  far  more  difficult  to  produce.  It  certainly  seems 
illogical  to  regard,  a  solution  of  this  kind  as  a  case  of  mere  mechanical 
suspension. 

It  may  be  remembered  that  the  cases  of  certain  sulphides  soluble 
in  sulphuretted  hydrogen  Avater  present  analogies  to  the  present  one. 
These  sulphides  (as  shown  in  the  paper  "  On  some  Metallic  Hydro- 
sulphides,"  p.  114)  combine  with  a  certain  amount  of  sulphuretted 
hydrogen  in  the  liquid  in  which  they  dissolve.  The  compound  thus 
formed  has,  as  a  rule  (see  Mercuric  Sulphide),  a  very  complicated 
structure,  and,  in  the  case  of  these  solutions,  is  often  very  unstable. 
On  coagulating  such  a  solution,  however,  the  combined  sulphuretted 
hydrogen  is  thrown  out  with  the  precipitate.  A  mercuric  sulphide 
solution,  when  coagulated  with  calcic  chloride,  evolves  no  sulphuretted 
hydrogen  (see  also  Copper).  These  cases  entirely  support  the  present 
view  of  colloidal  solution.  At  the  same  time,  the  influence  of  salts  in 
producing  coagulation  is  difficult  to  explain. 

The  cases  of  albumen  and  of  haemoglobin  are  analogous.  Albu- 
mens dried  at  40°  are  re- soluble  in  water,  and  we  must  suppose  a 
certain  chemical  attraction  between  solvent  and  solid.  Haemoglobin 
may  be  easily  recrystallised  and  redissolved.  Yet  its  solution  reveals 
particles  under  the  scrutiny  of  the  beam. 

N  2 
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It  may  be  suggested  that  all  tliat  happens  in  these  cases  is  a  separa- 
tion of  these  aggregates  or  molecules  from  th  e  mass  by  virtue  of  their 
own  vibratory  motion,  and  that  these  small  masses  are  able  to  support 
themselves  in  a  liquid  medium.  Against  this  view  must  be  set  the 
non-dilfusibility  of  some  of  the  solutions  such  as  starch.  Besides  this, 
such  a  theory  is  quite  inadequate  to  account  for  the  entirely  different 
beliaviour  of  different  solvents  towards  the  same  solid.  Starch,  for 
instance,  is  not  soluble  in  alcohol.  Finally,  in  a  case  of  mere  mechani- 
cal suspension  of  very  fine  particles,  must  it  not  be  supposed  that  in  a 
very  dilute  susiDension  of  this  kind  the  particles  would  at  least  tend 
to  settle  with  comparative  rapidity  to  a  concentration,  at  which  the 
collisions  with  the  lower  vibrating  particles  would  nearly  counter- 
balance the  tendency  to  further  descent  ?  Yet  in  many  such  dilute 
suspensions  no  such  settling  is  observed.  This  may  be  partly  ac- 
counted for  by  supposing  the  particles  to  be  exceedingly  minute ;  but 
in  order  to  meet  the  requirements,  a  minuteness  so  extreme  must  be 
supposed  (see  Introduction,  p.  150),  that  it  is  simpler  to  concede  mole- 
cular attraction  at  once. 

What,  then,  is  the  most  rational  way  of  regarding  these  phenomena 
of  pseulo-solution  aud  molecular  solution  ?  It  seems  to  us  by  far  the 
most  simple  course  to  suppose  that  in  every,  case  of  so-called  very 
fine  suspension  there  is  a  certain  degree  of  molecular  attraction 
between  the  suspended  solid  and  the  st)lvent.  The  case  of  shellac 
affords  a  well-known  example.  According  as  this  attraction  is  less 
or  greater,  the  solution  will  be  less  or  more  permanent.  Moreover,  it 
is  obvious  that  upon  this  attraction  and  that  of  the  aggregates  for 
each  other,  will  depend  the  re-solubility  of  the  solid.  Shellac  is  not 
re-soluble.  The  water  molecules  do  not  attract  the  shellac  aggregates 
with  sufficient  force  to  shake  them  asunder.  On  the  other  hand,  in 
other  cases,  resolution  is  aided  by  mechanical  agitation  or  boiling,  &c.,. 
all  of  which  favour  the  breaking  up  of  the  solid. 

In  cases  where  resolution  is  more  readily  effected  (mercuric  sulph- 
ide, albumen,  hsemoglobin),  either  the  jDarticles  of  the  solid  are  held 
together  less  firmly,  or  the  attraction  of  the  water  molecules  is  greater.. 
That  the  subdivision  should  proceed  no  farther  than  it  does  is  easily 
accounted  for  by  supposing,  what  is  extremely  probable,  that  the 
molecules  of  a  solid  are  bound  together  in  multiple  aggregates  which 
become  looser  with  greater  aggregation.  These  can  be  easily  shaken 
asunder  into  their  component  aggregates  of  less  complexity,  Biit 
here  the  forces  at  work  may  be  found  powerless  to  produce  further 
change.  The  less  complex  aggregates  are  bound  together  too  firmly 
to  be  further  dissociated,  and,  under  certain  circumstances,  may  be 
found  acting  as  wholes.  This  explains  why,  in  dissolving  ferric 
hydrate  in  ferric  chloride,  the  subdivision  proceeds  no  farther  than  it 
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does,  and  why  a  substance  so  readily  soluble  in  water  as  neutral 
^'  Congo-red "  yet  reveals  the  presence  of  particles  in  its  solution. 
It  may  here  be  noted,  in  support  of  these  views,  that  gradual 
condensation  to  form  aggregates  of  greater  complexity  may  be 
observed  in  some  cases.  Thus  colloidal  antimony  sulphide  when 
freed  from  tartrate,  shows  a  gradual  and  continuous  condensation 
from  aggregates  quite  invisible,  through  stages  of  increasing  fluor- 
escence, to  aggregates  visible  under  the  microscope.  The  progress 
of  a  similar  condensation  is  indicated  by  increasing  fluorescence  in 
antimony  sulphide  solutions  after  keeping  for  some  months.  Silicic 
acid  presents  us  with  a  case  of  similar  regular  condensation.  In  the 
oase  of  chromic  chloride,  we  have  probably  an  example  of  the  gradual 
breaking  up  of  aggregates  through  the  various  stages  of  pseudo- 
solution  till  crystallisable  solution  is  arrived  at.  The  precise  analogy 
between  this  and  that  of  antimony  sulphide  in  the  reverse  direction 
makes  us  think  it  probable  that  we  are  here  following  a  continuous 
breaking  up  of  molecular  aggregates. 

It  may  be  observed  that,  if  these  views  are  correct,  we  have  here 
an  interesting  analogy  between  the  lower  and  higher  grades  of  solu- 
tion. For,  whilst  in  the  lower  grades  we  have  combination  between 
very  large  aggregates  of  the  dissolved  substance  and  the  water  mole- 
cules in  their  neighbourhood,  it  has  been  shown  with  great  proba- 
bility by  Pickering  and  others  that  in  the  case  of  some  of  the  higher 
grades  of  solution  the  molecules  of  the  dissolved  substance  combine 
with  a  large  number  of  water  molecules  to  form  very  high  hydrates. 
This  does  not  seem  to  us  to  affect  the  question  of  probable  dissocia- 
tion into  ions  in  the  most  perfect  solution. 

Throughout  the  above  argument  we  have  necessarily  been 
assuming,  what  must  now  be  fully  stated,  that  these  fine  particles 
revealed  by  the  luminous  beam  are  simply  large  molecular  aggre- 
gates, and  retain  many  of  their  molecular  properties.  As  wholes 
tliey  can  enter  into  loose  combination,  and  as  wholes  they  can  attract 
each  other  with  gradual  formation  of  larger  aggregates. 

These  molecular  aggregates  may  even  attain  a  complexity  so  great 
that  they  become  visible  under  the  microscope,  and  yet  do  not 
entirely  lose  their  molecular  properties  (mercui'ic  sulphide).  What 
then  is  the  interpretation  of  the  continuous  vibratory  movement  of 
these  aggregates  as  seen  under  the  microscope  ?  Enormous  as  must 
in  all  probability  be  the  number  of  molecules  associated  to  form  a 
visible  aggregate,  yet  as  the  transition  from  them  to  states  of  un- 
doubted molecular  subdivision  seems  perfectly  continuous,  we  can 
scarcely  avoid  the  conclusion  that  this  vibratory  motion  is  one  of  the 
m(jlecular  properties  still  retained  by  them,  and  that  what  we  are 
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here  observing  is  simply  luolecnlar  vibration.  On  the  other  hand, 
it  might  be  conceived  that  these  oscillations  are  due  to  the  impacts  of 
the  liquid  molecules.  On  the  whole  this  seems  less  probable,  for  con- 
sidering the  relative  sizes  of  the  particles  and  the  water  molecules,  it 
seems  doubtful  whether  these  impacts  would  occur  with  sufficient 
irregularity  to  cause  visible  motion.  Furthermore,  there  is  no  proof 
of  the  existence  of  large  ^nolecular  aggregates  of  water  which  would 
be  competent  to  produce  such  effect.  The  conclusion  that  we  are 
here  actually  observing  molecular  vibration  seems  a  rash  one,  but  it 
appears  at  present  to  be  in  accordance  with  facts,  and  to  offer  the 
most  rational  explanation  of  Brownian  movement. 

As  to  the  electrical  portion  of  our  w^ork,  we  shall  not  at  present 
offer  any  theory,  though  the  subject  is  an  obviously  tempting  one  for 
speculation.  But  on  this  point,  and  on  the  general  question  dis- 
cussed in  this  paper,  we  hope  in  a  short  time  to  have  more  results  to 
communicate. 

Our  main  conclusion,  therefore,  is  that  from  first  to  last,  from 
pseudo-solution  to  crystalloidal  solution,  we  are  concerned  with 
chemical  as  well  as  with  physical  forces,  and  that  the  progress  from 
the  lower  to  the  higher  terms  of  the  series  is  accompanied  by 
increasing  fineness  of  subdivision  of  the  dissolved  matter,  and  by 
increasing  definiteness  in  the  action  of  the  chemical  forces. 

Summary. 

We  shall  here  briefly  review  in  outline  the  main  results  of  this  and 
the  preceding  paper. 

1.  Experimental. — 1.  The  folloAving  inorganic  colloidal  solutions 
reveal  particles  visible  under  the  microscope  : — 

Mercuric  sulphide,  arsenious  sulphide  (a). 

2.  The  following  inorganic  colloidal  solutions  contain  the  dissolved 
substances  in  states  of  aggregation  recognisable  by  optical  or  other 
means  : — 

All  colloidal  sulphide  solutions. 

Ferric  hydrate,  chromic  hydrate,  aluminium    hydrate,  silicic 
acid. 

3.  Owing  to  the  difficulty  of  preparing  organic  colloids  in  a  state 
of  purity,  only  the  following  have,  as  yet,  been  examined.  They  all 
exhibit  a  state  of  subdivision  not  too  fine  to  be  recognised  by  the 
methods  employed : — 

Cellulose,  starch,  Congo-red  (acid  and  neutral). 
[Alkaline    Congo-red    is    in   a    state    of   much   more   perfect 
solution.] 
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4.  The  following  colloids  exist  in  solution  in  a  state  of  subdivision 
too  fine  for  the  aggregates  to  be  detected  bj  ordinary  methods : — 

Molybdic  acid,  silicic  acid  (in  presence  of  hydrochloric  acid). 

5.  The  following  crystallisable  solutions  reveal  molecular  aggre- 
gates large  enough  to  be  detected  by  optical  or  other  methods  : — 

Ferric    hydrate    in   ferric    chloride     (said   to    crystallise    as 

9F203,FeCl3). 
Oxyhaemoglobin,  carbonic  oxide  haemoglobin. 

6.  Silicic  acid,  after  dialysis,  begins  to  exhibit  signs  of  advancing 
molecular  condensation.  This  is  analogous  to  the  case  of  antimony 
sulphide,  in  which  the  steady  molecular  condensation  is  under 
certain  circumstances  perfectly  demonstrable  (see  above). 

Chromic  chloride,  when  first  dissolved,  appears  to  exist  in  the  form 
of  large  aggregates,  which  are  gradually  broken  up  with  final  forma- 
tion of  crystallisable  solution. 

II.  Theoretical. — We  consider  that  we  have  made  out  a  good  primd 
facie  case  for  the  belief  that  there  is  a  continuous  series  of  grades  of 
solution  passing  without  break  from  suspension  to  crystallisable 
solution.  In  the  lowest  grades  of  solution,  a  certain  loose  attraction 
exists  between  the  "  suspended  "  particles  and  the  molecules  of  the 
solvent.  This  conclusion  is  in  accordance  with  the  experimental 
evidence.  The  very  finely  divided  particles  in  the  lower  grades  of 
solution  are  simply  large  molecular  aggregates  retaining  many  of 
their  molecular  properties.  In  passing  up  the  series  through  the 
different  grades  of  solution,  these  aggregates  on  the  whole  become 
smaller,  or,  at  least,  consist  of  a  smaller  number  of  molecules,  and  the 
forces  by  which  they  are  held  in  solution  become  more  definitely 
those  of  chemical  attraction. 

III.  Electrical  Behaviour  of  certain  Solutions. — Mention  has  been 
made  in  the  paper  of  a  new  property  of  certain  solutions.  It  seems 
to  hold  with  a  wide  range  of  solutions  extending  from  suspension  to 
crystalloidal  solution.  This  property  consists  in  the  repulsion  of  the 
dissolved  substance  as  an  unaltered  ivhole  from  one  of  the  electrodes 
of  a  battery  if  these  be  immersed  in  the  solution.  In  the  case  of 
colloidal  arsenic  sulphide,  the  sulphide  aggregates  are  repelled  from 
the  negative  electrode.  They  are  also  repelled,  but  much  less  strongly, 
from  the  positive  electrode.  Crystalloidal  Magdala-red  dissolved  in 
absolute  alcohol  is  repelled  from  the  positive  electrode.  In  this  case 
there  seems  to  be  no  repulsion  from  the  negative.  This  property  is 
of  much  interest  in  itself,  and  may  prove  of  much  value  in  connecting 
the  higher  grades  of  solution. 

Researches  on  the  above  subjects  are  now  in  progress. 
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111  conclusion,  we  wish  to  express  our  hearty  thanks  to  Professor 
Ramsay,  who  has  most  kindly  encouraged  and  advised  us  throughout 
the  whole  of  the  work  of  the  three  preceding  papers.  It  is  with 
sincere  pleasure  we  acknowledge  that  without  his  kind  help  it 
would  have  been  difficult  to  bring  these  researches  to  a  satisfactory 
issue. 

We  should  like  also,  among  others,  to  thank  Professor  Carey 
Foster  for  kind  assistance  in  the  electrical  portion  of  our  work,  and 
Professor  E.  A.  Schiifer  for  placing  his  microscope  at  our  disposal. 

University  College, 
London. 


XII.— CONTRIBUTIONS    FROM    THE    LABORATORIES    OP 
THE  HERIOT  WATT  COLLEGE,  EDINBURGH. 

SyntJiesis  of  Hexahydroterephthalic  Acid. 
By  J.  E.  Mackenzie,  B.Sc,  and  W.  H.  Perkix,  Jun.,  Ph.D.,  F.R.S. 

In  a  paper  published  a  short  time  since  (Trans.,  1891,  59,  798),  it 
was  shown  that  the  disodium  compound  of  ethyl  pentanetetracarb- 
oxylafce,  when  digested  in  alcoholic  solution  with  methylene  iodide  at 
100°  is,  in  part,  converted  into  ethyl  hexamethylene  tetracarboxylate 
[1:1:3:  3],  thus:— 


„p  .CH^-CHNaCCOOC^H^)^    .    pxr  t   „ 
^^-^^CH,-CHNa(COOC2H5)2  "^  ^^'^'  ~ 


CH2-C(COOC2H5> 
H2C<  >CH3  +  2NaI. 

^CHo-CCCOOCsHs)^ 

The  same  ethereal  salt  is  also  produced  by  the  action  of  trimethylene 
bromide  on  the  disodium  compound  of  ethyl  propanetetracarboxylate, 

(COOC2H5)oCNa-CH3-CNa(COOCoH5)o  +  BrCH/CH^-CH^Br  = 
(COOC2H5)oC-CHo-C(COOaHO, 

CH^.CH^-CHo.  "^  ^^^^"^ 

(Trans.,  1891,  59,  990). 

This  ethereal  salt,  on  hydrolysis,  yields  the  corresponding  tetrabasic 
acid,  and  this,  when  heated  at  200 — 220"^,  yields  a  mixture  of  the  two 
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isomeric  T^^'^  and  r^^^*"^^^^  hcxamefhylenemetadicarboxylic  acids  (hexa- 
hydroisoplitlialic  acids),  with  eliminafcion  of  2  mols.  of  carbonic 
anhydride,  thus  : — 

nH2-C(COOH)2  ^CH,-CH-COOH 

H^C/  >CH2         =  B.oC(  >CHo        +  2CO2. 

^CH2-C(COOH)2  ^CHo-CH-COOH 

During  the  course  of  the  experiments,  it  was  thought  probable  that 
the  two  isomeric  hexahydroterephthalic  acids, 

C00H-CH<^^^;^g2>CH-C00H, 

which  Baeyer  prepared  in  the  course  of  his  beautiful  investigations 
on  the  reduction  of  terephthalic  acid  (Annalen,  245,  169 — 174), 
might  be  synthetically  produced  in  a  similar  way,  from  the  ethereal 
salt  formed  by  the  interaction  of  the  disodium  compound  of  ethyl 
butanetetracar  boxy  late  with  ethylene  bromide,  thus  : — 

1.  (COOC2H5)2CNa-CH,-CH2-CN'a(COOC2H5)2  +  BrCHa-CHaBr 

=  (COOC2H5)2C<^g5g^;>C(COOC2H5)2  +  2NaBr. 

Ethyl  hexamethylenetetracarboxylate  [1:1:4:4]. 

XL  (COOH)2C<^g;-:^g>C(COOH)2  = 

Hexamethylenetetracarboxylic  acid. 

COOH-CH<^^j;^^;>CH-COOH  +  200,. 

Hexahydroterephthalic  acid. 

On  making  the  experiment,  it  was  found  that  a  considerable 
qaantity  of  the  sparingly  soluble  r*^'*'*'"'^"^  hexahydroterephthalic  acid 
was  produced  in  this  way,  and  from  the  mother  liquors  of  this  acid 
a  small  quantity  of  an  acid  melting  at  159 — 162°  was  with  difficulty 
isolated  ;  the  latter  is  probably  the  corresponding  V^'^  acid,  which 
melts  at  161 — 162°.  Unfortunately,  it  was  not  possible  to  obtain 
sufficient  of  the  second  acid  for  analysis,  owing  to  the  difficulty  of 
preparing  ethyl  butanetetracarboxylate  in  large  quantities. 

This  ethereal  salt,  the  preparation  of  which  has  been  given  in  a 
previous  paper  (Trans.,  1887,  51,  19),  is  produced  in  very  small 
quantities  when  ethylene  bromide  acts  on  the  sodium  compound  of 
ethyl  malonate,  thus  : — 

2rCOOCoH5)2CH]Sra  +  BrCHo-CH^Br  = 

(COOC2H5)2CH-CHo-CHo-CH(COOaH5)2  +  2]SraBr; 
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but,  in  spite  of  numerous  experiments  instituted  with  the  object  of 
improving  the  yield,  the  largest  amount  which  has  as  yet  been 
obtained  was  35  grams  from  1  kilo,  of  ethyl  malonate.  For  this 
reason,  it  was  not  possible  to  follow  the  course  of  the  reaction  between 
the  disodium  compound  of  this  ethereal  salt  and  ethylene  bromide 
through  all  its  stages,  as  was  the  case  in  the  experiments  on  the 
synthetical  formation  of  the  hexahydroisophthalic  acids. 

The  synthesis  of  hexahydroterephthalic  acid  was  carried  out  briefly 
as  follows : — 

4  grams  of  sodium  was  dissolved  in  60  grams  of  absolute  alcohol ; 
the  well-cooled  solution  mixed  with  30  grams  of  pure  ethyl  butane- 
tetracarboxylate,  17  grams  of  ethylene  bromide  added,  and  the  whole 
heated  in  a  soda-water  bottle  at  100°  for  10  hours. 

The  product,  which  was  brownish,  and  smelt  distinctly  of  ethylene 
bromide,  still  had  a  strongly  alkaline  reaction ;  it  was  mixed  with 
water,  extracted  four  times  with  ether,  the  ethereal  solution  washed 
well  with  water,  dried  over  calcium  chloride,  evaporated,  and  the 
residual  brownish  oil  (23  grams)  hydrolysed  by  boiling  with  a  mix- 
ture of  concentrated  sulphuric  acid  (1  part),  water  (1  part),  and 
glacial  acetic  acid  (2  parts)  for  six  hours  in  a  reflux  apparatus. 
Steam  was  next  passed  through  the  boiling  liquid  until  all  the  acetic 
acid  had  been  removed,  the  pale-brownish  solution  cautiously  concen- 
trated on  a  water-bath,  and  then  extracted  30  times  with  ether.  The 
ethereal  solution,  after  being  dried  over  calcium  chloride  and  evapor- 
ated, left  12  grams  of  a  thick,  oily  acid,  which,  on  standing  over 
sulphuric  acid  under  diminished  pressure,  rapidly  deposited  crystals  ; 
these,  after  washing  with  ether,  in  which  they  are  sparingly  soluble, 
crystallise  from  water  in  cauliflow^er-like  masses,  which  melt  approxi- 
mately at  152—153°. 

The  results  of  the  analysis  indicate  that  this  substance  is  hexa- 
methylenetricarboxylic  acid, 

COOH-CH<^^^;^g2>C(COOH)2. 

0"1410  gram  substance  gave  0-0800  gram  HoO  and  025 72  gram 
COo. 

Theory. 

CgHisOfi.  Found. 

C 50*00  per  cent.  4975  per  cent. 

H 5-55         „  6-30 

0 44-44        „  43-95 

Owing  to  the  small  amount  of  material  at  our  disposal,  no  further 
experiments  could  be  made  with  this  acid,  and  for  this  reason,  it 
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must  in  the  meantime  remain  doubtful  whetlier  this   view  of   the 
constitution  of  this  substance  is  correct. 

The  remainder  of  the  crude  acid  was  heated  at  200 — 220°,  until  all 
evolution  of  carbonic  anhydride  had  ceased,  and  the  thick,  brownish 
residue,  which  became  almost  solid  even  while  quite  hot,  was  allowed 
to  remain  in  contact  with  a  porous  plate  for  some  days  ;  it  was  then  dis- 
solved in  dilute  sodium  carbonate  solution,  and  digested  with  freshly 
ignited  animal  charcoal  for  two  or  three  hours.  The  filtered  solution 
after  evaporating  to  a  small  bulk,  and  acidifying  with  hydrochloric 
acid,  deposited  on  standing  about  1*3  grams  of  a  granular  precipitate  ; 
this,  on  examination,  was  found  to  consist  of  almost  pure  r""^*^^'^^  hexa- 
hydroterephthalic  acid.  The  substance,  after  recrystallisation  from 
water,  gave  the  following  numbers  on  analysis  : — 

0'1434  gram  substance  gave  0*0920  gram  HgO  and  0"2933  gram 
CO2. 

Theory. 

C8H12O4.  Found. 

C    ......      55'81  per  cent.  55*77  per  cent. 

H 6-98         „  7-12 

0 37-21         „  37-11 

This  acid  melts  approximate! 3^  at  300°,  but  not  sharply  ;  when 
strongly  heated,  it  sublimes,  and  this  behaviour  was  especially  well 
observed  during  the  combustion  of  the  substance,  when  almost  the 
whole  sublimed  and  was  deposited  in  glistening  crystals  on  the  cooler 
portions  of  the  tube.  It  is  readily  soluble  in  warm  water,  but  much 
more  sparingly  in  cold  water ;  the  solution  of  the  sodium  salt  of  the 
acid  does  not  decolorise  potassium  permanganate  even  on  standing  for 
some  time. 

In  order,  however,  to  prove  conclusively  that  this  acid  was  identical 
with  the  r^^^*^^^^  hexahydroterei^hthalic  acid  obtained  by  Baeyer  from 
terephthalic  acid,  the  methyl  salt  was  prepared  according  to  Baeyer 's 
directions. 

About  0'2  gram  of  the  acid  was  gently  heated  in  a  test-tube  with 
.in  excess  of  phosphorus  pentachloride  for  a  few  seconds,  allowed  to 
cool,  and  the  residual  solid  mass  mixed  with  methyl  alcohol.  The 
product  was  poured  into  water,  the  crystalline  mass  which  separated 
collected,  washed  with  water,  and  dried  on  a  porous  plate  over  sulph- 
uric acid  under  diminished  pressure.  The  resulting  glistening,  crys- 
talline mass  melted  at  (SG — 68°,  and  after  recrystallisation  from  light 
jietroleum  at  69 — 70° ;  Baeyer  gives  71°  as  the  melting  point  of  the 
dimethyl  salt  of  r'''^*'"""^  hexahydroterephthalic  acid. 

The  mother  liquors  from  the  above  acid  were  evaporated  to  a  very 
small  bulk,  allowed  to  stand  for  some  days,  the  crystalline  mass  which 
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separated,  coll(^cted,  washed  with  a  little  water,  and  dried  oii  a  porous 
plate  at  100°.  The  resulting  crude  substance,  which,  when  heated  in 
a  capillary  tube,  began  to  melt  at  145°,  and  was  not  completely  melted 
at  190",  was  separated  into  three  substances  by  conversion  into  the 
calcium  salt,  and  repeated  recrystallisation  of  the  acids  from  water : 
that  is,  into  small  quantities  of  r^''**''''^"'*  liexahydroterephthalic  acid,  a 
considerable  quantity  of  an  acid  melting  at  147 — ^149°,  probably  adipic 
acid  (from  the  hydrolysis  of  some  unchanged  ethyl  butanetetracarb- 
oxylate),  and  about  0*028  gram  of  an  acid  melting  at  159 — 162°,  which 
is  probably  r"'*'"''"'^  hexahydroterephthalic  acid  (m.  p.  161 — 162^). 
The  titration  of  this  acid  gave  the  following  results  : — 

0'0271  gram  required  for  neutralisation  3*1  c.c.  of  potassium  hydrate 
solution  (1  c.c.  =  0-00559  gram  KOH)  =  0*0173  gram  KOH. 

A  bibasic  acid  of  tlio  formula  CsHioOi  requires  theoretically  0*0177 
gram  KOH, 

The  solution  of  the  potassium  salt  of  this  acid,  rendered  slightly 
alkaline  by  the  addition  of  potassium  carbonate,  did  not  decolorise 
potassium  permanganate  solution. 


XIII. — Investigation  of  the  Ghmige  proceeding  in  an  Acidified  Solution 
of  Sodium  ThiosulpJiate,  luhere  the  Products  of  the  Change  are 
retained  in  the  System,. 

By  Aethur  Colefax,  B.A.,  Ph.D.,  Student  of  Christ  Church,  Oxford. 

Object  of  the  Work. 

In  undertaking  the  Avork  an  account  of  which  is  given  in  this  paper, 
the  objects  in  view  were  : 

I.  To  ascertain  whether  thiosulphuric  acid  is  capable  of  existence. 
II.  To  investigate  the  nature  of  the   change,  and  the  conditions 
under   which    it    proceeds,    when    sodium    thiosulphate    is 
acidified. 

A  Short  Account  of  the  Literature  hearing  on  the  Subject. 

Fliickiger  (Jahresbericht,  1863,  149)  states  that,  in  flowers  of 
sulphur  and  even  in  sulphur  recrystaliised  from  carbon  bisulphide, 
traces  of  thiosulphuric  acid  are  to  be  found.  He  showed  that  by  the 
action   of    an   aqueous    solution  of  sulphur    dioxide    on   flowers    of 
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sulphur,  traces  of  the  acid  were  formed.  If  tlie  sulphurous  acid  and 
sulphur  were  lieated  together  in  sealed  tubes  at  a  temperature  of 
80 — 90°,  the  reaction  went  more  easily. 

J.  Myers  (Govipt.  rend.,  74,  195)  says  that  tlie  action  of  steam  on 
sulphur  produces  thiosulphuric  acid,  and  not  pentathionic  acid  as 
IMulder  had  stated. 

H.  Rose  (Traits  de  Ghimie  Analytique,  p.  475)  remarks  that,  in  acidi- 
fied solutions  of  thiosulphates,  provided  the  solutions  be  not  too 
dilute,  the  decomposition  of  thiosulphuric  acid  is  not  complete  even 
after  several  wrecks. 

Salzer  (Ber.,  19,  1696),  in  a  paper  on  "  a  new  method  of  formation 
of  the  so-called  pentathionic  acid,"  says  that  the  iodine  titration 
method  affords  a  means  of  proving  that  the  decomposition  of  acidified 
thiosulphates  into  sulphurous  acid  and  sulphur  becomes  complete. 

Landolt  (Ber.,  16,  2958)  :  "  Time  of  existence  of  thiosulphuric  acid 
in  aqueous  solutions."  The  method  followed  w^as,  to  observe  the  first 
appearance  of  opalescence,  and  note  the  time  that  elapsed  between  its 
appearance  and  the  acidification  of  the  thiosulphate  solution.  His 
results  may  be  briefly  summarised. 

The  time  elapsing  before  the  appearance  of  the  opalesence  is, 

I.  Independent  of  the  nature  of  the  acidifying  acid. 
I  [.  Uninfluenced  by  excess  of  either  acid  or  thiosulphate. 
III.  Independent  of  the  quantity  of  solution  used. 
lY.  Influenced    by   the   actual    concentration,    and    also    by   the 
temperature. 

Method  of  Investigation. 

In  the  text-books  (for  example,  Roscoe  and  Schorlemmer,  p.  348) 
it  is  stated  that  thiosulphuric  acid,  produced  by  the  acidification  of 
thiosulphates,  undergoes  decomposition  according  to  the  equation, 
H,S203  =  H.SOa  +  S. 

At  the  outset  an  experiment  was  made  in  order  to  ascertain 
Avhether  or  not,  under  the  most  favourable  conditions,  the  decompo- 
sition of  thiosulphuric  acid  is  complete.  The  conditions  which 
appeared  most  favourable  were  to  have  some  excess  of  acid,  an 
elevated  temperature,  and  the  removal  of  the  sulphurous  acid  as  it 
was  formed.  Accordingly,  1  gram  of  sodium  thiosulphate  was 
dissolved  in  boiled  water,  and  the  solution  washed  into  a  distillation 
flask  ;  20  c.c.  of  dilute  hydrochloric  acid  were  added,  and  the  distilla- 
tion proceeded  with ;  the  evolved  sulphur  dioxide  was  absorbed  by 
chlorine-water  contained  in  the  receiver,  and  was  estimated  as  barium 
sulphate, 

BaSO,  =.:  0-9172  gram  =  per  cent.  S  as  SO,  12*60  instead  of  12-90. 
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Here,  it  may  be  taken  that  the  decomposition  is  complete. 

In  the  investigation  of  the  change,  where  the  products  are  not 
eliminated  from  the  system  in  which  they  are  found,  the  method 
employed  is  as  follows  : —  $ 

A  solution  of  sodium  thiosulphate  containing  a  known  weighed 
quantity  of  the  pure  recrystallised  salt  NasSoOsjSHaO,  is  dissolved  in 
a  known  volume  of  distilled  water,  which  has  been  boiled  and  allowed 
to  cool  in  a  stream  of  hydrogen  gas  to  expel  all  air.  An  acid,  whether 
hydrochloric  or  sulphuric,  is  then  made  by  dilution  with  similarly 
prepared  distilled  water,  of  such  a  strength  that  in  1  c.c.  there  is  a 
quantity  of  acid  exactly  sufficient  for  the  saline  decomposition  of  the 
quantity  of  thiosulphate  contained  in  1  c.c.  of  its  solution.  An  iodine 
solution  is  also  made  of  such  a  strength  that  it  will  react  with  about 
half  its  own  volume  of  the  thiosulphate  solution,  but  its  exact 
strength  is  not  determined. 

Hence,  the  extent  to  which  the  tliiosulphuric  acid  has  suffered 
decomposition  can  be  ascertained  from  a  knowledge  of  the  increase 
in  the  iodine  titration,  provided  no  sulphurous  acid  is  lost,  and  that 
no  interaction  of  thiosulphuric  acid  and  sulphurous  acid  takes  place. 
Loss  of  sulphurous  acid  will  result  in  the  decomposition  being  re- 
garded as  less  complete  than  it  is  in  reality. 

Having  made  the  solutions  of  sodium  thiosulphate  and  acid,  they 
are  titrated  with,  and  their  strengths  determined  in  terms  of,  the 
iodine  and  an  ammonia  solution,  respectively.  The  reason  for  ascer- 
taining the  strength  of  the  acid  in  terms  of  an  ammonia  solution  will 
be  explained  in  the  sequel. 

It  may  be  here  remarked  that  no  alteration  occurs  either  in  the 
iodine  titration  or  in  the  ammonia  titration  on  mixing  the  solutions 
of  sodium  thiosulphate  and  acid ;  that  is,  10  c.c.  of  the  sodium  thio- 
sulphate solution,  when  acidified  wir-h  10  c.c.  of  the  solution  of  the 
acid,  possess  immediately  after  mixing  the  same  titration  in  terms 
of  the  iodine  that  they  did  before  acidification.  The  same  is  true  of 
the  acidity  titrations.  The  presence  of  free  sulphur  in  a  solution  of 
sulphurous  acid  did  not  affect  its  iodine  titration. 

About  100  c.c.  of  each  of  the  solutions,  sodium  thiosulphate  and 
acid,  are  run  into  two  clean  and  dry  flasks,  which  are  then  placed  in 
the  bath,  where  they  remain  until  the  solutions  have  attained  the 
temperature  of  the  bath.  Into  a  third  dry  flask,  50  c.c.  of  a  sodinni 
thiosulphate  solution,  which  has  been  brought  to  the  requisite 
temperature,  are  run,  and  afterwards  50  c.c.  of  the  acid  ;  the  time  at 
which  the  addition  of  acid  is  completed  is  recorded ;  10  c.c.  of  the 
acidified  thiosulphate  solution  are  then  withdrawn  by  means  of  a 
pipette,  which  was  used  throughout  the  whole  of  the  experiments, 
and  run  into  a  small  glass  bulb,  from  which  the  air  had  been  dis- 


OF   SODIUM    THIOSULPHATE.  179 

placed  by  carbonic  acid.  It  was  found  that  with  the  strongest  sohi- 
tions,  three,  and  with  the  weaker,  six  to  nine,  such  bulbs  could  be 
filled  before  the  first  appearance  of  opalescence  in  the  acidified  solution 
occurred.  When  the  bulbs  are  so  filled  they  are  sealed  before  the 
blowpipe,  placed  in  the  bath,  and  allowed  to  remain  the  desired  time. 
At  the  expiration  of  this  period,  the  bulb^  after  being  rinsed  with 
distilled  water,  is  broken  iu  a  known  volume  of  iodine  solution 
mixed  with  some  boiled  water  contained  in  a  pedestal  test-glass, 
whose  sides  are  thin  and  as  colourless  as  possible.  The  quantity  of 
iodine  taken  was  always  about  1  c.c.  short  of  that  which  experience 
showed  was  necessary  for  the  complete  titration  of  the  contents  of 
the  bulb. 

In  order  that  the  bulbs  might  be  of  nearly  equal  capacity,  they 
were  blown  in  a  mould,  which  consisted  of  two  copper  hemispheres, 
one  of  which  was  provided  with  an  aperture  through  which  the 
molten  end  of  the  glass  tube  could  be  introduced.  The  rims  of  the 
hemispheres  were  fastened  together  with  a  little  Faraday's  cement. 
The  moment  the  heated  sides  of  the  glass  bulb  touch  the  inside  of  the 
copper  sphere,  the  cement  is  melted  by  the  heat,  the  two  hemispheres 
come  apart,  and  the  bulb  is  formed  of  the  requisite  size. 

To  my  friend  and  colleague,  Mr.  A.  G.  Vernon  Harcourt,  I  am 
indebted  for  the  suggestion  and  device  of  this  mould. 

Consideration  of  the  possible  Sources  of  Error  in  the  Method. 

The  principle  of  the  method  which  has  already  been  described  as 
the  one  employed  in  these  experiments  is  that  the  titration  of  the 
sulphurous  acid  produced  by  the  decomposition  of  a  quantity  of  thio- 
sulphuric  acid,  taken  in  terms  of  the  iodine  solution,  is  the  double  of 
the  titration  of  the  same  quantity  of  thiosulphuric  acid  before 
change. 

The  justification  of  this  principle  rests  upon  the  verification  of  the 
equations : — 

H,S,03  =  H2SO3  -t  S. 
2H2S0O3  +  T2  =  H2S4O6  +  2HI. 
H2SO3  +  H2O  +  I3  =  H2SO4  +  2HI. 

There  are  several  possible  sources  of  error  which  must  be  estimated 
before  the  results  of  these  experiments  can  allow  of  deductions  being 
drawn  from  them.     They  may  be  stated  as  : — 

1.  Oxidation  of  a  part  of  the  sulphurous  acid  formed. 

2.  Titration  complications. 

3.  Incompleteness  of  saline  decomposition. 
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I.  Oxidation  of  Sulphurous  Acid. — The  sulphurous  acid  formed  in 
the  decomposition  of  thiosulphuric  acid  becomes  partly  oxidised  ;  an  j 
attempt  to  measure  the  extent  of  decomposition  by  means  of  a  com- 
parison of  the  iodine  titration  before  and  after  the  change  must 
be  deceptive.  This  possible  source  of  error  was  examined  into  as 
follows  : — 

Four  bulbs  were  charged  with  carbonic  acid,  and  10  c.c.  of  a  solu- 
tion of  sulphurous  acid  run  into  each.  They  were  then  sealed  and 
placed  in  the  bath  and  allowed  to  remain  24  hours.  At  the  end  of 
this  time,  the  bulbs  were  broken  under  water  and  titrated  with  an 
iodine  solution. 

10  c.c.  of  the  H2SO3  solution  previous  to  introduction  into  the  bulbs, 
required  9'00  c.c.  of  an  iodine  solution. 

At  the  end  of  the  24  hours  : — 

Bulb I.  II.  III.  IV. 

Required  of  iodine  solution  . .      O'OO  9-05  Q'OO         9*05 

The  solution  of  sulphurous  acid  was  made  with  boiled  water  which 
had  becxi  cooled  in  a  current  of  hydrogen. 

From  these  experiments,  it  -will  be  seen  that  oxidation  of  the 
sulphurous  acid  formed  by  the  decomposition  of  thiosulphuric  acid, 
under  the  conditions  of  experiment  which  hold  in  the  method 
employed,  seems  improbable. 

The  second  method  by  which  this  possible  source  of  error  could  be 
estimated  was  suggested  by  the  following  considerations  : — Whenever 
sulphurous  acid  is  titrated  Avith  iodine,  a  development  of  acidity  takes 
place ;  hydriodic  acid  is  produced  together  with  sulphuric  acid,  the 
latter  being  formed  in  quantities  exactly  equivalent  to  the  sulphurous 
acid,  thus  : — 

H0SO3  +  HoO  +  L  =  2HI  +  H0SO4. 

Hence,  for  the  same  solutions  of  alkali  and  iodine  the  ratio  between 
the  iodine  titrations  and  the  acidity  titrations  after  the  addition  of 
iodine  will  be  a  constant.  The  value  of  this  constant,  for  the 
ammonia  and  iodine  solutions  used,  was  determined  by  means  of  a 
pure  solution  of  sulphurous  acid.  This  solution  of  sulphurous  acid 
was  made  by  driving,  by  means  of  a  stream  of  hydrogen  gas,  sulphur 
dioxide  into  boiled  distilled  water,  which  had  been  cooled  in  hydrogen. 
In  the  case,  then,  of  the  decomposition  of  thiosulphuric  acid,  unless 
the  increase  in  the  iodine  titration  and  the  development  of  acidity 
after  titration  with  iodine,  bear  to  one  another  a  ratio  expressed  by 
the  above-determined  constant,  the  equation 

H.S.Oa  =  H2SO3  +  S 
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does  not  represent  tlie  entire  change  ;  oxidation  of  sulphurous  acid,  or, 
may  be,  the  formation  of  a  polythionic  acid  by  the  interaction  of 
sulphurous  and  thiosulphuric  acids,  has  taken  place. 

In  what  has  been  said  above,  it  has  been  supposed  that  none  of  the 
titration  complications  to  be  considered  under  the  second  of  the 
sources  of  possible  error  has  supervened. 

II.  Titration  Complications. — In  view  of  the  statement  of  Spring 
(Ber.,  1873,  1108),  that  sodium  trithionate  is  formed  by  the  action 
of  iodine  on  a  mixture  of  the  sodium  salts  of  sulphurous  and  thio- 
sulphuric acids,  it  was  necessary  to  make  sure  that  no  such  formation 
of  trithionic  acid  takes  place  when  a  mixture  of  thiosulphuric  and 
sulphurous  acids  is  titrated  with  iodine. 

Spring  represents  the  reaction  by  which  sodium  trithionate  is 
formed  thus : — 

NasSaOa  +  IS'asSOa  +  I2  =  2i;ral  +  NaaSaOg. 

Before  attempting  to  ascertain  whether  a  corresponding  change 
happens  in  the  case  of  a  mixture  of  sulphurous  and  thiosulphuric 
acids,  the  action  of  iodine  on  a  mixed  solution  of  sodium  sulphite  and 
thiosulphate  was  investigated. 

Experiment  No.  1. — 10  c.c.  of  a  solution  of  neutral  sodium  sulphite, 
Na2S03,  required  10*85  c.c.  of  a  solution  of  iodine ;  10  c.c.  of  a  solution 
of  sodium  thiosulphate  required  9*75  c.c.  of  the  iodine  solution. 

A  solution  containing  10  c.c.  of  the  sodium  sulphite  and  10  c.c.  of 
the  thiosulphate  required  20*60  c.c.  of  the  iodine  solution,  or  no  tri- 
thionate is  formed. 

Experiment  No.  2. — A  solution  of  sulphite  of  sodium  in  boiled  water 
was  made. 

10  c.c.  required  18*95  c.c.  of  iodine  solution,  and  the  acidity  after 
iodine  titration  required  2  c.c.  of  a  solution  of  ammonia. 

10  c.c.  of  a  solution  of  sodium  thiosulphate  required  9*80  c.c.  of 
the  iodine  solution,  and  there  was  no  development  of  acidity. 

The  mixed  solution,  containing  10  c.c.  of  each  of  the  above  solutions, 
required  28*70  c.c.  iodine,  and  the  acidity  develoj)cd  2  c.c.  of 
ammonia  solution. 

A  solution  of  sodium  hydrogen  sulphite  gave  an  exactly  similar 
result.  Hence,  under  these  conditions,  not  a  trace  of  sodium  trithionate 
is  formed. 

Starch  was  the  indicator  used  in  the  iodine  reaction,  and  methyl- 
orange  was  employed  in  the  acidity  reaction.  Before  adding  the 
methyl-orange,  the  blue  starch  iodide  colour  was  discharged  by  a  drop 
of  a  thiosulphate  solution. 

Proceeding  on  precisely  similar  lines,  it  was  shown  that  the  iodine 
titration  of  a  mixed  solution  of  sulphurous  acid  and  sodium  thio- 
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salphate  is  the  sum  of  the  iodine  titrations  of  the  constituents,  and 
that  the  same  was  true  of  a  mixed  solution  of  sulphurous  and  thio- 
sulphuric  acids. 

Hence,  under  the  conditions  of  experiment,  the  sulphurous  acid 
produced  by  the  decomposition  of  thiosulphuric  acid  does  not  become 
oxidised,  and  the  extent  of  the  change  of  thiosulphuric  acid  into 
sulphurous  acid  and  free  sulphur  can  be  estimated  bj  employing  the 
iodine  titration.  Moreover,  the  ratio  between  the  increase  in  iodine 
titration  and  the  development  of  acidity  after  titration  with  iodine, 
can  be  employed  to  show  whether  oxidation,  or  the  formation  of  a 
polythionic  acid  by  interaction  of  sulphurous  and  thiosulphuric  acids, 
has  taken  place. 

III.  Incomplete  Saline  Decomposition. — This  has  been  named  as  the 
third  possible  source  of  error.     If  the  reaction 

2HC1  +  Na^SsOa  =  2^01  +  H2S2O3 

proceeds  but  imperfectly,  the  increase  in  the  iodine  titration  might 
never  become  the  double  of  the  original  titration  before  acidification,  be- 
cause, the  conversion  of  sodium  thiosulp  hate  into  thiosulphuric  acid  not 
being  complete,  the  change  of  thiosulphuric  acid  into  sulphurous  acid 
and  free  sulphur  could  never  proceed  so  far  that  the  sulphurous  acid 
thus  formed  possessed  a  titration  the  double  of  that  of  the  thiosulphate 
of  soda  originally  acidifie  d. 

With  a  view  to  estimate  how  far  the  saline  decomposition  is  complete, 
a  comparison  of  the  chemical  change  taking  place  in  solutions  of 
barium  thiosulphate  and  of  sodium  thiosulphate  of  approximately 
equal  concentration,  each  acidified  with  hydrogen  sulphate,  was  made. 
The  result  of  this  comparison  is  shown  in  Fig.  I.  It  is  evident  that 
with  solutions  of  barium  thiosulphate  and  sodium  thiosulphate,  when 
acidified  with  a  quantity  of  sulphuric  acid  the  equivalent  of  the  salt 
present,  the  curves  marking  the  progress  of  the  change  of  thiosulph- 
urio  acid  into  sulphurous  acid  and  free  sulphur  are  similar,  and  the 
extent  of  the  change  at  the  end  of  the  fifth  hour  is  approximately 
equal  in  the  two  cases.  However,  it  is  noticeable  that  the  change 
proceeds  further  in  the  system  NagSgOs  +  H3SO4,  the  one  in  which 
complete  saline  decomposition  is  not  assured  by  the  conditions  of 
experiment. 

In  the  case  where  twice  the  equivalent  quantity  of  acid  is  used,  the 
decomposition  of  thiosulphuric  acid  proceeds  still  further  in  both 
cases,  but  the  system  BaS203  +  H2SO4  is  now  the  one  where  the  change 
goes  farthest.  This  is  probably  explicable  by  the  formation  of  sodium 
hydrogen  sulphate  with  a  portion  of  the  sulphuric  acid,  and  so  the 
ratio  of  free  acid  to  salt  is  not  as  great  as  in  the  case  of  the  barium 
thiosulphate  and  sulphuric  acid  reaction. 
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A  and  B  represent  the  curves  tracing  the  chemical  change  as  given  by  the  excess 
over  the  initial  titration  for  the  system  BaS203,H2S04  during  the  first  five  hours. 

C  and  D  (the  dotted  lines)  the  same  for  the  system  Na2S203+H2S04  of  the  same 
initial  titration,  t  =  30°  C. 

With  the  system  BaS303  +  H2SO4,  it  was  noticed  that  a  pecnh'ar  oc- 
clusion of  a  portion  of  the  liquid  by  the  precipitated  bariura  sulphate 
took  place.  For  example,  10  c.c.  of  the  barium  thiosulphate  solu- 
tion, before  acidification  with  sulphuric  acid,  possessed  a  titration 
16*85  c.c.  of  an  iodine  solution,  but  after  acidification  its  titration  fell 
to  16"30.  The  initial  titration  of  the  barium  thiosulphate  solution 
was  therefore  taken  wTien  acidified^  in  the  comparison  with  the  system 
Na^S^Oa  +  H2SO4. 

A  second  method  of  ascertaining  how  far  the  saline  decomposition 
is  complete  was  the  following : — A  solution  of  sodium  thiosulphate 
was  acidified  with  the  equivalent  quantity  of  acid  (hydrochloric  acid), 
and  placed  in  a  shallow  dish  over  caustic  soda  solution  in  a  vacuum. 
By  this  means,  the  sulphurous  acid  formed  was  eliminated  from  the 
system,  and,  therefore,  if  the  whole  of  the  thiosulphuric  acid  became 
converted  into  sulphur  and  sulphurous  acid,  the  titration  would,  if 
the  saline  decomposition  were  complete,  finally  equal  nil.  It  was 
found  that  the  iodine  titration  of  the  solution,  from  being  9'8  c.c. 
iodine  solution,  sank  at  the  end  of  16  days  to  0*35  c.c.  iodine  solution. 
As  the  solution  becomes  more  dilute  in  respect  of  thiosulphuric  acid, 
the  decomposition  into  sulphur  and  sulphurous  acid  proceeds  very 
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slowly.  However,  the  experiment  gave  promise  of  almost  complete, 
if  not  complete,  saline  decomposition.  This  suffices  for  the  purpose 
of  this  work.  Where  the  sulphurous  acid  formed  by  the  decomposi- 
tion of  the  thiosulphuric  acid  is  eliminated  from  the  system,  the 
saline  decomposition  of  the  thiosulphate  of  soda  by  the  acidifying 
acid,  proceeds  according  to  the  equation, 

^828203  +  2HC1  =  2]N'aCl  +  H2S2O3. 
In  another  experiment  on  the  lines  described  above,  it  was  found 
that  the  acidified  sodium  thiosulphate  solution,  after  the  expiration  of 
a  fortnight,  possessed  an  iodine  titration  of  only  O'l  c.c.  In  this  latter 
experiment,  a  smaller  volume  of  the  acidified  thiosulphate  was  taken, 
and  so  the  escape  of  sulphur*  dioxide  was  more  easily  effected. 

The  Change  proceeding  in  an  Acidified  Solution  of  Sodium  Thio- 
sulphate attains  a  Limit  where  the  Products  of  the  Change  are 
retained. 

A  solution  of  sodium  thiosulphate,  containing  4"885  grams  of  the 
salt  dissolved  in  500  c.c.  of  distilled  water,  was  made.  The  acidifying 
acid  was  a  solution  of  hydrogen  chloride,  30  c.c.  of  which,  on  preci- 
pitation with  silver  nitrate,  gave  0'3432  gram  of  silver  chloride.  The 
strength  of  the  acid  solution  was  further  determined  by  titrating  with 
a  solution  of  sodium  carbonate  containing  4*1760  grams  of  the  pure 
dry  salt  per  litre,  using  methyj-orange  as  an  indicator.  10  c.c.  of  the 
acid  required  10"  10  c.c.  of  the  sodium  carbonate  solution.  These  re- 
sults gave  as  the  strength  of  the  hydrogen  chloride  solution — 

I.  10  c.c.  contain  0*02909  gram  HCl  (as  determined  by  precipita- 
tion with  AgNOs) . 

II.  10  c.c.  contain  0"02904  gram  HCl  (as  determined  by  titration 
withNaaCOa). 

The  theoretically  equivalent  quantity  requisite  for  the  complete 
saline  decomposition  of  a  solution  of  sodium  thiosulphate  containing 
4"885  grams  of  the  crystallised  salt  in  500  c.c.  is  0*02876  gram  HCl 
per  10  c.c.  The  water  used  in  the  preparation  of  these  solutions  was 
boiled  distilled  water  which  had  been  cooled  in  a  stream  of  hydrogen. 

10  c.c.  of  the  solution  of  sodium  thiosulphate  required  19*75  c.c.  of 
a  solution  of  iodine  containing  approximately  2*5  grams  of  iodine 
dissolved  in  1  litre  of  water.  10  c.c.  of  the  acid  required  20*30  c.c.  of 
a  solution  of  ammonia,  using  methyl-orange  as  indicator.  Hence 
10  c.c.  of  a  solution  containing  equal  volumes  of  the  sodium  thio- 
sulphate and  hydrogen  chloride  solutions  should  possess  a  titration 
in  terms  of  the  iodine  solution  of  9*875  c.c,  and  in  terms  of  the  am- 
monia solution  a  titration  of  10*15  c.c.  This  was  found  to  be  true 
immediately  after  mixing. 
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Some  of  tlie  glass  bulbs,  from  whicli  the  air  had  been  displaced  hj 
carbonic  acid,  were  charged  with  10  c.c.  of  the  acidified  solution  of 
sodium  thiosulphate,  and  placed  in  a  bath  maintained  constant  at  a 
temperature  of  30°.  At  the  end  of  certain  intervals  from  the  time  of 
mixing,  the  contents  of  a  bulb  were  titrated  with  the  iodine  solution, 
and  the  acidity,  after  titration  with  iodine,  determined  in  terms  of  the 
ammonia  solution.  The  blue  colour  of  the  starch  iodide  was  dis- 
charged by  a  drop  of  a  solution  of  sodium  thiosulphate  before  the 
addition  of  the  (indicator)  methyl-orange. 

At  the  end  of  the  . .     1st  hr.  2nd  hr.  3rd  hr.  4th  hr.  5th  hr.  24th  hr.    48th  hr. 
The  iodine  required 

was 13-1     14-0     14-8     14-9     15-0     15*30  15'30  c.c. 

And   the    ammonia 

required  was. . . .      13-15  14-20  14-95  15-10  15*20  15-55  15-50   „ 

Hence  a  limit  value  is  reached  within  24  hours  of  the  time  of 
mixing  the  solutions  of  sodium  thiosulphate  and  hydrogen  chloride. 

That  no  oxidation  or  formation  of  a  polythionic  acid  had  occurred 
was  shown  from  the  following  considerations  : — A  solution  of  sulphur- 
ous acid,  prepared  as  described,  gave  a  ratio  between  its  iodine 
titration    and    the    acidity   titration   after   the   addition    of    iodine, 

III  =  1-0143.     ^ 

Hence,  if  no  oxidation  of  sulphurous  acid  or  formation  of  a  poly- 
thionic acid  had  occurred — 

(The  acidity  titration  —  10-15)  x  1*0143  should  equal,  when  added 
to  the  original  iodine  titration  (9875),  the  observed  iodine  titration 
The  values  so  obtained  gave — 

Ist  hour  (13-15  -  10-15)  x  1-0143  +  9875  =  12-92  instead  of  13-1 

2nd  „  (14-20  -  10-15)  x  1*0143  +  9-875  =  13-98  „  140 

3rd  „  (14-95  -  10-15)  x  1-0143  +  9-875  =  14-74  „  14-8 

4th  „  (15-10  -  10-15)  X  1-0143  +  9-875  =  14-89  „  149 

5th  „  (15-20  -  LO-15)  X  1-0143  +  9-875  =  14-99  „  15-0 

24th  „  (15-55  -  10-15)  X  10143  +  9-875  =  15-35  „  15-3 

48th  „  (15-50  -  10-15)  X  1-0143  +  9875  =  15*30  „  16*3 

Hence  a  limit  value  is  reached  within  24  hours  of  mixing,  and 
neither  oxidation  of  sulphurous  acid  nor  formation  of  a  polythionic 
acid  has  taken  place.  If  either  of  the  latter  had  occurred,  the  cal- 
culated iodine  titration  would  have  been  greater  than  the  observed 
value,  which  is  not  the  case. 

The  change  taking  place  in  acidified  solutions  of  sodium  thio- 
sulphate, where  the  products  of  the  change  are  not  eliminated  from 
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the  system  in  whicli  they  are  formed,  having  proved  to  be  a  rever- 
sible one,  was  investigated  with  a  view  to  determine  the  effect  of — 

I.  Variation  in  concentration. 

II.  Variation  in  the  quantity  of  acid  relative  to  the  quantity  of 
sodium  thiosulphate. 

III.  Nature  of  the  acidifying  acid. 

IV.  Variation  in  the  temperature  at  which  the  change  proceeds. 
V.  The  presence  in  the  initial  system  of  varying  quantities  of 

sulphurous  acid. 

The  "Effect  of  Concentration. 

The  solutions  used  in  these  experiments  were  made  by  diluting 
those  employed  in  the  last  experiment  to  twice  and  four  times  their 
volumes.  If  the  concentration  of  the  solutions  in  the  last  experiment 
be  taken  as  unity,  the  concentrations  of  the  new  solutions  are  -^  and 
:J.  The  iodine  solution  intended  for  the  titration  of  the  contents  of 
the  bulbs  was  also  diluted  to  corresponding  strengths. 

The  titrations  o£  the  sodium  thiosulphate  solutions  in  terms  of 
iodine,  gave  that  10  c.c.  of  the  solutions  of  concentrations  ] ,  f ,  and 
^  required  19*86  c.c.  of  the  iodine  solutions  of  corresponding  strengths. 
The  acidifying  acid  solutions  were  proved  to  possess  the  relative  con- 
centrations 1,  -J,  and  J  by  titrating  them  with  one  and  the  same 
ammonia  solution.  Moreover,  the  iodine  solutions  were  shown  to  be 
in  the  ratio  of  \  :  \  -.  \  hj  their  titrations  with  one  and  the  same 
sodiam  thiosulphate  solution. 

The  temperature  of  the  bath  for  the  three  series  of  experiments 
was  30°. 

Effect  of  concentration  t  =  30°.  The  solution  of  concentration  1 
contains  4"885  grams  Na2S203,5H90  dissolved  in  500  c.c.  water.  Each 
solution  is  acidified  with  the  equivalent  quantity  of  acid.  10  c.c.  of 
each  solution  required,  before  acidification  with  an  equal  volume  of 
the  solution  of  the  acid,  19*75  c.c,  of  an  iodine  solution  of  correspond- 
ing strength. 


Cone.  1. 

Cone.  i. 

Cone.  i. 

Iodine  titration  at  the  end  of  the  1st  hour 

13*10 

11*60 

10*70 

?5 

5J 

2nd     „ 

14-00 

12*45 

11*20 

J) 

?5 

3rd     „ 

14-80 

12*95 

11*70 

5) 

4th     „ 

14-90 

1315 

12*00 

)5 

)> 

6th     „ 

15-00 

13-30 

12*20 

11 

5> 

48th     „ 

15-30 

14*25 

13*20 

These  titrations  give  for  the  extent  of  chemical  change  as  measured 
by  the  excess  of  the  iodine  titration  over  19*75/2  =  9*9  (approx.). 


3-2 

1-70 

0-80 

4-1 

2-55 

1-30 

4-9 

3-05 

1-80 

5-0 

3-25 

2-10 

51 

3-40 

2-30 

5-4 

4-35 

3-30 
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Cone.  1.    Cone.  ^.    Cone,  i* 

At  the  end  of  the  1st  hour 3*2 

2iid  „  ..., 
3rd  „  ..., 
4th  „  .... 
.5th  „  ..., 
48th     „      .... 

The   value  9*9   wo  aid   represent  complete  resolution  of   thiosul- 
phuric  acid  into  sulphur  and  sulphurous  acid. 
Hence, 

I.  Increase  in  the  concentration  of  the  solution  of  sodium  thio- 
sulphate  acidified  with  the  equivalent  quantity  of  hydrogen 
chloride  is  accompanied  by  increase  in  the  rate  and  extent  of 
the  chemical  change  of  thiosulphuric  acid  into  sulphur  and 
sulphurous  acid. 
II.  With  increase  in  concentration  in  the  proportion  1:2:4,  the 
values  expressing  the  extent  of  chemical  change  in  the  first 
hour  increase  in  the  ratio  1  :  1  +  a  :  1  +  3a,  and  the  limit 
values  in  the  ratio  1  :  1  +  a :  1  +  2a. 

The  actual  change  at  the  end  of  the  1st,  5th,  and  48th  hour  corre- 
sponds to  a  percentage  of  the  possible  change  is 

Cone.  1.  Cone.  i.  Cone,  i. 

At  the  end  of  the  1st  hour. .      32*3  p.  c.  17-1  p.  c.       8-08  p.  c. 

„  5th     „    ..      51-5     „  34-3     „  23-2      „ 

48th     „    ..      54-5     „  43-9     „  33-3      „ 

Effect  of  varying  the  Quantity  of  Acidifying  Acid  relatively  to  the  Quantity 
of  Sodium  Thiosulphate, 

These  experiments  were  made  with  a  sodium  thiosulphate  solution 
containing  4' 885  grams  of  the  crystallised  salt  dissolved  in  500  c.c.  of 
water.  Solutions  of  hydrogen  chloride  of  strengths  ^,  f ,  1,  1  J,  and  2 
were  used  as  acidifying  acid,  where  concentration  1  contains  the 
equivalent  quantity  of  acid  requisite  for  the  saline  decomposition,  and 
2  the  double  of  that  quantity.  The  titrations  of  these  solutions  of 
liydrogen  chloride  gave  with  one  and  the  same  ammonia  solution — 

10  c.c.  of  the  acid  of  conceutration  i.  f .  1.  1^.  2. 

Required  of  ammonia  solution .      10*05     15-15     20*25     25*35     40*40 

10  c.c.  of  the  solution  of  sodium  thiosulphate  required,  previous  to 
acidification,  19  c.c.  of  an  iodine  solution.  This  difference  in  the 
values  of  the  sodium  thiosulphate  solutions  in  the  last  experiment  and 
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in  the  present  one  (19*00  instead  of  19' 75)  is  to  be  explained  by  the 
iodine  solutions  used  in  the  two  cases  not  being  the  same,  and  is  not 
due  to  differences  in  concentration  of  the  sodium  thiosulphate  solu- 
tions. 

The  temperature  of  the  bath  was  30°. 

Effect  of  varying  the  quantity  of  acidifying  acid  relatively  to  the 
quantity  of  sodium  thiosulphate,  t  =  30°.  10  c.c.  of  the  sodium 
thiosulphate  solution  required  19  c.c.  of  the  iodine  solution.  The 
acid  of  concentration  1  contained  a  quantity  of  acid  sufficient  for  the 
saline  decomposition — 


With,  acid  of  concentration  , 


At  the  end  of  the  1st  hour  iod 
2nd 
3rd 
4th 
5th 
48th 


ne  titrat: 


h 


1. 


u. 


2. 


on  gave     11-25  12-05  12-7     12-95  .13-65 

12-00  12-90  13-7     13-90  1465 

12-50  13-35  14-05  14-40  15-10 

12-65  13-60  14-35  14-70  15-30 

12-70  13-70  14-50  14-90  15-50 

12-80  14-10  14-80  15-30  16-30 


Fia.  2. 
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^            x"^     -^  ^'4^'^'' 
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^^^-                    -                            H 

B 

Chemical  change  — ^  as  measured  by  the  excess  of  the  titra- 
tion over  10. 
Quantity  of  acidifying  acid  relatively  to  tlie  thiosulphate  variable. 

A.  Quantity  of  acidifying  acid  half  that  requisite  for  complete  sahne  decomposition. 

B.  Thiosulphate  and  acidifying  acid  in  equivalent  quantities. 

C.  Acidifying  acid  taken  in  quantities  twice  the  equivalent. 

D.  33804  used  instead  of  2HC1. 

t  =  30°  C. 
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The  values  expressing  the  extent  of  chemical  change  give — 

With  acid  of  concentration  ...  i.             f .              1.  li.  2. 

At  the  end  of  the  1st  hour  . .  175  2-55  3-2  3-45  4'15 

When  the  limit  is  reached  . .  3-30  4-60  5-30  5-80  6-80 

At  the  end  of  the  5th  hour..  3-20  4-20  5-00  5-40  6-00 

The  value  9*5  would  represent  complete  resolution  of  thiosulphuric 
acid  into  sulphur  and  sulphurous  acid. 
Hence — 

I.  Increase  in  the  quantity  of  the  acidifying  acid  relatively  to  the 
quantity  of  sodium  thiosulphate  produces  an  increase  both  in 
the  rate  and  extent  of  the  change  of  thiosulphuric  acid  into 
sulphurous  acid  and  free  sulphur. 
II.  This  increase  in  the  velocity  and  limit  values  does  not  cease 
when  sufficient  acid  is  present  for  complete  saline  decompo- 
sition, or,  more  correctly,  when  a  quantity  of  acid  is  present 
which,  in  the  case  where  the  sulphurous  acid  formed  by  the 
decomposition  of  the  thiosulphuric  acid  is  eliminated  from 
the  system,  suffices  for  complete  saline  decomposition. 
III.  As  the  quantity  of  acidifying  acid  relatively  to  the  quantity  of 
sodium  thiosulphate  increases,  the  effect  of  each  successive 
equal  increment  in  the  strength  of  the  acidifying  acid 
produces  a  smaller  increase  in  the  velocity  and  limit  valij.es. 

Effect  of  the  Nature  of  the  Acidifying  Acid. 

To  ascertain  whether  or  not  the  acidifying  acid  influenced  the  rate 
and  extent  of  the  chemical  change,  the  following  experiments  were 
made,  using  hydrogen  sulphate  as  acidifying  acid.  The  solution  of 
hydrogen  sulphate  was  aualys  ed  grayimetrically  and  volumetrically 
with  the  following  results  : — 

I.  30  c.c.  gave  0*2796  gram  BaSOi. 
II.  30  c.c.      „     0-2806     „ 
III.  10  c.c.  required  10*1  c.c.  of  a  solution  of  sodium  carbonate  con- 
taining 4-1760  grams  of  the  pure  dried  salt  in  1000  c.c.  of 
its  solution. 

These  results  give  that  in  10  c.c.  of  the  solution  of  hydrogen  sulph- 
ate there  is  contained — 

I.  0-0392  gram  H2SO4.  II.  0-0393  gram  H0SO4. 

III.  0-0389  gram  H2SO4. 

The  quantity  of  hydrogen  sulphate  theoretically  necessary  for  the 
complete  saline  decomposition   of   sodium    thiosulphate   containing 
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4*885  grains  N"a2S203,5H20  in  600  c.c,  assuming  the  decomposition  to 
proceed  according  to  the  equation 

NaaSjOs  +  H2SO4  =  Na2S04  +  H2S2O3, 
is  0'0386  gram  per  10  c.c. 

First  Series  of  Experiments  (see  Fig.  2,  p.  188). — The  solution 
of  sodium  thiosulphate  contained  4*885  grams  of  the  salt  in  500  c.c, 
and  10  c.c.  required  19  c.c.  of  the  iodine  solution  employed.  The 
temperature  of  the  bath  was  30°.  The  solutions  of  hydrogen  sulphate 
and  sodium  thiosulphate  were  mixed  in  equal  volumes. 


Where  the 

acidifying  acid  w 
LOur  the  iodine 

as 

H2SO4. 

HCl. 

At  the  end  of  the  1st  1 

titration 

gave 

12-30 

12*70 

2nd 

1315 

13*70 

3rd 

13*40 

1405 

4th 

13*60 

14*35 

5th 

13*80 

14*50 

48th 

14*30 

14*80 

Second  Series  of  Experiments, — The  solutions  of  sodium  thiosulphate 
and  hydrogen  sulphate  used  in  the  first  series  of  these  experiments 
were  diluted  to  twice  their  volame.  The  temperature  of  the  bath  was 
30°.  The  titration  of  the  sodium  thiosulphate  in  terms  of  the  iodine 
solution  used  gave  that  10  c.c.  required  19*75  c.c.  of  the  iodine  solu- 
tion. 

Where  the  acidifying  acid  was   II2SO4.        HCl. 

At  the  end  of  the  1st  hour  the  iodine  titration  gave     11*45       11*60 
2nd  „  „  1205       12*45 

3rd  „  „  -  12*45       12*95 

4th  „  „  12*75       13-15 

5th  „  „  12*95       13*30 

48th  „  „  13*70      14-20 

Third  Series  of  Experiments. — The  sodium  thiosulphate  solution 
"was  the  same  as  that  used  in  the  second  series.  The  hydrogen  sulph- 
ate solution  was  of  the  same  strength  as  that  used  in  the  first  series. 
Hence,  in  this  case  there  was  sufficient  hydrogen  sulphate  to  effect 
the  saline  decomposition,  supposing  it  to  proceed  according  to  the 
equation, 

2H2SO4  +  I^a2S203  =  2NaHS04  +  n2S203. 

At  the  end  of  the. ..... 

The  iodine  titration  gave 


1st  hr.  2nd  hr.  3rd  hr.  4th  hr.  5th  hr.    48th  hr. 

11*90  12*75  13*25  13*75    1405   15-20  c.c. 


Hence,  where  hydrogen  sulphate  and  hydrogen  chloride  act  upon 
the  same  quantity  of  sodium  thiosulphate,  in  the  proportions 
H2SO4 :  2HC1,  the  velocity  andj  limit  values  are  greater  for  hydrogen 
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cliloride.  This  result,  too,  is  independent  of  the  degree  o£  concen- 
tration of  the  solution  of  sodium  thiosulphate.  Where,  however,  the 
masses  of  of  the  acidifying  acid  are  in  the  proportion  2R2SOi<  2HC1, 
the  velocity  and  limit  values  are  greater  for  hydrogen  sulphate. 

Effect  of  Variation  in  the  Temjperature  at  which  the  Change  proceeds. 
In  ascertaining  the  eflfect  of  varying  this  condition  under  which  the 
change  proceeds,  the  solution  of  sodium  thiosulphate  contained  4-885 
grams  of  the  crystallised  salt  per  500  c.c,  and  the  solution  of  the 
acidifying  acid  a  quantity  of  hydrogen  chloride  sufficient  for  the 
complete  saline  decomposition  when  equal  volumes  of  the  solutions 
were  taken. 

Pig.  3. 
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Chemical  change  — ^  as" measured  by  the  excess  of  the  titra- 
tion over  10. 
Temperature  variable. 

A  =  curve  for  system  NasSoO.,  +  2HC1.     t  =  30°  C. 

B.  25  =  40°  C. 

C.  t  =  60°  C. 

The  temperature  of  the  bath  was,  in  the  three  experiments,  30°, 
40°,  and  60°.  In  reality,  the  results  already  got  for  the  temperature 
30°  were  compared  with  those  obtained  for  the  new  temperatures  40° 
and  60°. 

10  c.c.  of  the  sodium  thiosulphate  solution  required  19*25  c.c.  of  the 
iodine  solution  used  in  the  experiments  at  40°  and  60°. 

10  c.c.  of  the  hydrogen  chloride  solution  required  19*70  c.c.  of  the 
ammonia  solution  used  in  the  experiments  at  40°  and  60°. 
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The  factor  expressing  the  ratio  of  the  iodine  titration  of  sulphurou.s 
acid  to  the  acidity  of  the  solution  after  titration  with  iodine,  in  terms, 
of  these  new  solutions  of  iodine  and  ammonia  equalled  15-3/15-05  = 
1-016. 

With  the  temperature  of  the  bath  at  40° — 

At  the  end  of  the  . .        Ist       2nd      3rd     4th      5th     24th      96th       96th 
hour.  hour.  hour.  hour.  hour.  hour.     hour.      hour. 
The  iodine  titration  gave     IS'SO  14-80  15-00  15*15  15-25  15-40  a,  14-90  /3, 14-85 
And  the  ammonia  titra- 
tion gave 14-00  15-00  15-20  15-30  15-40  15-60  a,  15-35  fi,  1530 

With  the  temperature  of  the  hath  at  60° — 

At  the  end  of  the...       Ist       2nd     3rd      4th      5th       24th        24th      Six 
hour.    hour.  hour.  hour.  hour.     hour.       hour.    days. 
The  iodine  titration  gave     1520  15-45  15-45  15-50  15-50  a,  14-80  )8, 14-75  11-70 
And  the  ammonia  titra- 
tion gave 15-50   15-70  15-75  15-80  1575  a,  15-45  fi,  15-40  12-70 

The  change  at  the  end  of  the  1st,  5th,  and  24th  hour  corresponds 
to  a  percentage  of  the  possible  change  equal  to — 

When  the  temperature  =  30°. 

At  the  end  of  the  1st  hour. . . .      32-3  p.  c. 
„  'Sth     „    ....      51-5     ,, 

24th     „    ....      54-5     „ 
Hence — 

I.  The  higher  the  temperature  at  which  the  change  proceeds,  the 
greater  are  the  velocity  values. 
II.  The  limit  value  is  not  affected  to  the  same  extent  as  the  initial 
velocity  value  :  hence,  the  higher  the  temperature  the  more 
nearly  do  the  initial  velocity  and  limit  values  equal  one 
another. 
III.  From  the  values  for  the  system  in  which  the  change  proceeds, 
at  the  temperature  40°,  four  days  after  acidification,  as  well 
as  from  the  values  for  the  system  in  which  the  change  pro- 
ceeds at  60°,  only  24  hours  after  mixing,  it  is  evident  some 
further  change  beyond  the  decomposition  of  thiosulphurie 
acid  into  sulphurous  acid  and  sulphur  has  taken  place,  and 
that  such  change  proceeds  more  readily  at  higher  than  at 
lower  temperatures. 

The  Nature  of  the  Secondary  Change  taking  place  in  Acidified  Solu-. 
tions  of  Sodium  Thidsulphate,  where  the  Products  of  the  Primarif 
Change  are  not  eliminated  from  the  System  in  which  they  are  formed. 

When  sodium  thiosulphate  is  acidified  with  an  equivalent  quantity 
of  acid*,  complete  saline  decomposition  and  complete  decomposition 


40°. 

60°. 

430  p.  c. 

57-5  p.  c, 

58-0     „ 

60-6     „ 

59-9     „ 

(?) 
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of  thiosulpliuric  acid  into  free  siilpTiur  and  sulpliurons  acid  ensue, 
provided  the  sulpliurous  acid  so  formed  is  eliminated  from  the 
system.  Where,  however,  the  sulphurous  acid  is  retained  in  the 
system  in  which  it  is  formed,  the  change  of  thiosulphuric  acid  into 
sulphurous  acid  and  free  sulphur  proceeds  with  gradually  diminishing 
velocity,  until  a  limit  is  reached.  At'  this  point  there  is  in  the 
system  thiosulphuric  acid,  protected  from  further  change  by  the 
presence  of  the  accumulated  products  of  decomposition  of  thio- 
sulphuric acid.  In  addition,  there  is,  no  doubt,  some  undecomposed 
sodium  thiosulphate  ;  for  where  there  is  in  the  system  thiosulphuric 
acid,  as  well  as  the  acidifying  acid,  there  will  be  a  division  of  the 
base  between  the  acids,  and  some  sodium  thiosulphate  will  remain 
undecomposed,  protected  from  change  at  the  hands  of  the  acidifying 
acid,  by  the  thiosulphuric  acid  preserved  in  the  system  by  the  pro- 
tective action  of  accumulated  products  of  decomposition  of  thio- 
sulphuric acid.  The  state  of  equilibrium,  when  this  limit  has  been 
reached,  will  be  overthrown  if  any  secondary  change  between  the 
products  of  the  primary  change,  or  between  either  of  these  products 
and  unaltered  hydrogen  or  sodium  thiosulphate,  supervenes ;  if  the 
sulphurous  acid  and  free  sulphur  react,  and  re-form  thiosulphuric 
acid,  or  if  the  sulphurous  acid  and  thiosulphuric  acid  interact  and 
form  a  polythionic  acid. 

In  the  system  NaaSsOg  -f  2HC1,  in  the  case  where  the  sodium  thio- 
sulphate solution  containing  4'885  grams  of  the  crystallised  salt  dis- 
solved in  500  c.c.  of  water  was  acidified  with  the  equivalent  quantity 
of  hydrogen  chloride,  and  the  temperature  of  the  bath  was  30°,  the 
check  on  the  iodine  titration,  which  a  determination  of  the  acidity 
after  titration  with  iodine  gave,  showed  that  no  secondary  change 
had  taken  place  48  hours  after  acidification  (see  p.  186). 

The  following  experiments  were  made  in  order  to  ascertain  whether 
or  not,  at  a  still  later  period  from  the  time  of  acidification,  this  state 
of  equilibrium  attained  within  the  first  48  hours  was  overthrown. 

The  solution  of  sodium  thiosulphate  contained  4"885  grams  of  the 
crystallised  salt  dissolved  in  500  c.c.  of  its  solution.  It  was  acidified 
with  hydrogen  chloride  in  equivalent  quantities. 

10  c.c.  of  the  thiosulphate  of  soda  solution  required,  before  acidifica- 
tion, 19'25  c.c.  of  the  iodine  solution. 

10  c.c.  of  the  hydrogen  chloride  solution,  before  being  mixed  with 
an  equal  volume  of  the  thiosulphate  of  soda  solution,  required 
19"70  c.c.  of  the  ammonia  solution. 

The  factor  expressing  the  ratio  -— iodine  titration 

acidity  after  titrating  with  iodine 

=;  "^1:?^  =  1-016. 
15-00 
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The  temperature  of  the  bath  was  30°. 

At  the  end  of  24  hours,  the  iodine  titration  gave  15*15,  and  the 
ammonia  15*35. 


The  iodine  titration 

And  the  ammonia  titra- 

gave 

tion  gave 

At  the  end  of  48  hours (1)  15*20 

(1)  15*40 

....      (2)1515 

(2)  15*40 

....      (3)1515 

(3)  15-35 

At  the  end  of  96  hours (1)  14*80 

(1)  15*25 

....      (2)   14*90 

(2)  15*35 

At  the  end  of    9  days    ....             14*55 

15*10 

„         16     „        ....             14*00 

14*65 

At  the  end  of  about  2  months            12*35 

13*20 

Some  balbs  were  charged  with  sulphurous  acid  and  placed  in  the 
bath,  where  they  were  kept  for  different  lengths  of  time. 

10  c.c.  of  the  sulphurous  acid  solution  required  15*25  c.c.  of  the 
iodine  solution,  and,  after  titration  with  iodine,  15*00  c.c.  of  the 
ammonia  solution. 

At  the  end  of  48  hours,  the  sulphurous  acid  contained  in  a  bulb 
required  15*25  c.c.  iodine  and  15*00  c.c.  ammonia  solution. 

At  the  end  of  6  days,  the  sulphurous  acid  contained  in  a  bulb  re- 
quired 15*25  c.c.  iodine. 

At  the  end  of  16  days,  the  sulphurous  acid  contained  in  a  bulb  re- 
quired 15*15  c.c.  iodine. 

Hence,  the  reason  for  the  diminution  in  the  iodine  titration  of  the 
contents  of  the  bulbs  is  not  to  be  explained  by  oxidation  of  a  part  of 
the  sulphurous  acid.  Nor  can  it  be  explained  by  supposing  that  re- 
formation of  thiosulphuric  acid,  by  the  interaction  of  sulphurous 
acid  and  free  sulphur,  ensues  ;  for  in  that  case  the  same  ratio  between 
the  excess  of  the  iodine  titration  over  the  initial  titration,  to  the 
excess  of  the  acidity  titration  after  addition  of  iodine  over  the  initial 
acidity  titration,  would  be  maintained.  That  this  is  not  the  case  is 
readily  seen  from  the  foUowiug  values  : — 


The  value  of  the  ratio 


excess  iodine  over  initial  iodine  titration 


excess  over  initial  acidity  of  acidity  after  iodine  titration 


At  the  end  of  48  hours 
96      „ 


=  l-OOI 
=  0-958 


9  days =  0-938 

16     „    =  0-911 

2  months =  O'SIS 


Hence   there   is,    as    the   iodine   titration  gradually  diminishes,  a 
gradual  diminution  in  the  above  ratio,  and  therefore  the  formation 
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of  an  acid  which  does  not  possess  an  iodine  titration,  or  an  acid  which, 
compared  with  its  equivalent  in  acidity  in  thiosulphuric  acid,  pos- 
sesses a  smaller  iodine  titration. 

By  similarly  considering  the  results  obtained  for  the  same  system, 
bat  at  the  temperatures  40°  and  60°,  it  is  seen  that  this  same  second- 
ary change  is  proceeding,  but  with  much  greater  velocity. 

When  the  temperature  of  the  bath  equals  40° — 

The  value  of  the  above  ratio  after  24  hours  =  1'003 

96      „      =0-958 

When  the  temperature  of  the  bath  is  60° — 

The  value  of  the  above  ratio  after    5  hours  =  0*996 

24      „      =0-906 
6  days    =  0728 

At  the  end  of  12  days,  the  iodine  titration  had  sunk  below  its  initial 
value,  but  the  acidity  was  in  excess  of  its  initial  value.    The  titrations 
gave,  iodine  titration  =  9'45  c.c. ;  ammonia  titration  =  10*85  c.c. 
Hence — 

I.  The  method  of  investigation  shows  that  after  the  lapse  of  a 
certain  period  from  the  time  of  acidification,  the  sulphurous 
acid  reacts  with  either  sodium  or  hydrogen  thiosulphate, 
and  forms  an  acid  possessing  either  no  iodine  titration,  or  a 
less  one  than  that  of  its  equivalent  in  acidity  of  thiosul- 
phuric acid. 

Such  a  change  might  proceed  according  to  the  equations 

2Na2S203  -f  3SO2  =  2N-a^S306  +  S, 
or,  2H2S2O3  +  3SO2  =  2H3S3O6  +  3. 

II.  This  secondary  change  proceeds  more  rapidly  the  higher  the 
temperature,  and  with  the  higher  temperature  the  time 
elapsing  between  the  acidification  of  the  sodium  thio- 
sulphate and  the  secondary  change  becoming  apparent 
diminishes. 

Debus,  in  his  paper  on  the  "  Chemical  Investigation  of  Wacken- 
roder's  Solution  "  (Trans.,  1888,  53,  343),  states  that  sulphurous 
acid  reacting  with  potassium  thiosulphate  forms  potassium  tri- 
thionate,  and  the  salt  so  formed  takes  up  the  sulphur  set  free  during 
the  interaction  of  sulphurous  acid  and  potassium  thiosulphate,  yielding 
potassium  tetrathionate  and  pentathionate.  In  the  same  paper, 
he  shows  that  sulphurous  acid,  by  its  action  on  potassium  penta- 
thionate, gives  potassium  trithionate  and  thiosulphuric  acid.     Penta- 
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rhionic  acid,  or  a  pentathionate,  gives  with  an  ammoniacal  solution 
of  silver  nitrate  a  white  precipitate,  which  gradually  darkens  in 
colour.  This  is  a  reaction  characteristic  of  pentathionic  acid,  and 
Bot  given  by  trithionic  acid  or  tetrathionic  acid. 

The  contents  of  a  bulb  which  had  been  kept  so  long  in  the  bath 
that  the  secondary  change  had  proceeded  to  a  considerable  extent 
were  tested  with  an  ammoniacal  solution  of  silver  nitrate,  but  no 
precipitate  was  formed.  Hence,  pentathionic  acid  was  not  formed  in 
the  secondary  change. 

Effect  of  the  Presence  in  the  Initial  System  of  Varying  Quantities  of 

Sulphurous  Acid. 

The  solution  of  sodium  thiosulphate  contained  4"885  grams  of  the 
crystallised  salt  dissolved  in  500  c.c.  of  water.  The  solution  of  the 
acidifying  acid  contained  of  hydrogen  chloride  per  c.c.  the  double  of 
the  quantity  requisite  for  the  saline  decomposition  of  the  sodium 
thiosulphate  contained  in  an  equal  volume  of  its  solution.  A  certain 
volume  of  a  solution  of  sulphurous  acid,  whose  titration  in  terms  of 
the  iodine  solution  had  been  previously  ascertained,  was  added  to  an 
equal  volume  of  the  acidifying  acid  solution,  and  this  mixed  solution 
was  diluted  to  twice  its  volume  by  the  addition  of  an  equal  volume 
of  the  solution  of  sodium  thiosulphate.  Thus  the  acidifyiDg  acid  and 
sodium  thiosulphate  were  taken  in  equivalent  quantities,  and  the 
sulphurous  acid  present  in  any  volume  of  the  acidified  thiosulphate 
solution  was  one  fourth  of  the  quantity  in  the  original  solution  of 
sulphurous  acid  whose  iodine  titration  had  been  determined. 

The  temperature  of  the  bath  was  30°.  10  c.c.  of  the  solution  of 
sodium  thiosulphate  required  19*90  c.c.  of  the  iodine  solution  used. 

First  Series  of  Experiments. — 10  c.c.  of  the  sulphurous  acid  re- 
quired 8'6  c.c.  of  the  iodine  solution. 

This  solution  of  sulphurous  acid  was  prepared  by  passing  a  stream 
of  hydrogen  through  a  concentrated  solution  of  sulphur  dioxide  in 
water,  and  dissolving  the  sulphur  dioxide  so  displaced,  in  boiled  dis- 
tilled water  which  had  been  cooled  in  a  stream  of  hydrogen. 

At  tlie  end  of  the 1st 

liour. 

The  iodine  titration  gave    14*85 

Or  subtracting  the  iodine  titraO 

tion   of    the    sulphurous    acid  L^.^^     ^g.^^     ^^.^^     ^^.^^     ^^.3^     ^^.^^ 

originally  added  =         =  2  -15 

Second  Series  of  Experiments. — 10  c.c.  of  the  sulphurous  acid  solu- 
tion required  45  c.c.  of  the  iodine  solution ;  -\5.  =  11-25  =  the  titration 
in  terms  of  iodine  of  the  sulphurous  acid  initially  in  the  bulb. 


2nd 

3rd 

4th 

5th 

48th 

hour. 

hour. 

hour. 

hour. 

hour. 

15-65 

16-05 

16-20 

16-45 

17-05 
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At  the  end  of  the   1st       2nd       3rd      4th        5th       48th 

hour.    hour.    hour.   hour.    hour.    hour. 
The  iodine  titration  -  11-25  gave. .      1230    1315    13-45    13-75    13-90    1415 

These  values  are  less  than  those  on  p.  185,  and  seem  to  point 
to  a  diminished  velocity  and  limit  value  by  reason  of  the  sulphurous 
acid  initially  present.  However,  a  determination  of  the  acidity 
values  showed  this  diminution  in  iodine  titration  to  be  accompanied 
by  an  increase  in  the  acidity  after  titration  with  iodine,  beyond  the 
value  calculated  for  this  quantity  from  the  iodine  titration.  More- 
over, as  the  time  from  aciditication  becomes  greater,  there  is  a  gradual 
increase  in  this  excess  of  the  acidity  after  titration  with  iodine  over 
the  calculated  value,  but  it  does  not,  except  in  the  case  of  the  limit 
value,  account  for  the  whole  of  the  diminution  in  iodine  titration. 

Hence,  from  these  results,  sulphurous  acid  seemingly  does  slightly 
diminish  the  velocity  and  limit  values.  Such  diminution  is  in  part 
due  to  an  interaction  between  sulphurous  acid  and  sodium  or  hydrogen 
thiosulphate. 

The  diminution  in  the  limit  value  in  the  case  of  the  second  series 
of  experiments  is  entirely  due  to  the  interaction  of  sulphurous  acid 
and  sodium  or  hydrogen  thiosulphate. 

With  a  quantity  of  sulphurous  acid  initially  present,  approximately 
equally  to  the  quantity  of  sulphurous  acid  in  the  system  when  the 
limit  values  (p.  185,  e.g.)  are  obtained,  the  diminution  in  velocity 
values  is  very  small,  and  with  limit  values  probably  nil. 

General  Conclusions  which  the  Work  leads  to. 

The  decomposition  of  thiosulphuric  acid  into  sulphurous  acid  and 
free  sulphur  proceeding  in  an  acidified  solution  of  sodium  thio- 
sulphate reaches  a  limit  short  of  complete  decomposition  in  the  case 
where  the  products  of  the  change  are  retained  in  the  system  in  which 
they  are  formed.  On  the  other  hand,  where  sulphurous  acid  result- 
ing from  the  decomposition  of  thiosulphuric  acid  is  eliminated  from 
the  system,  sodium  thiosulphate  acidified  with  an  equivalent  quantity 
of  acid  suffers  complete  resolution  into  sulphurous  acid  and  free 
sulphur.  It  must,  however,  be  concluded  from  the  experiments,  in 
which  the  efiect  of  the  presence  in  the  initial  system  of  varying 
quantities  of  sulphurous  acid  is  determined,  that  sulphur  and  sulph- 
urous acid,  and  not  sulphurous  acid  alone,  are  instrumental  in 
bringing  about  this  state  of  equilibrium  short  of  complete  decompo- 
sition. For  a  quantity  of  sulphurous  acid  initially  present,  slightly 
greater  than  the  quantity  of  sulphurous  acid  present,  when  the  limit 
value  is  reached  in  the  same  system  in  the  case  where  no  sulphurous 
acid  is  initially  present,  produces  but  a  very  small  diminution  in 
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velocity  values,  and  probably  no  effect  on  the  limit  value.  The 
attainment  of  this  limit  value  is  due  to  the  retention  in  the  system  of 
the  products  of  the  decomposition  of  thiosulphuric  acid,  namely, 
sulphurous  acid  and  free  sulphur.  There  is  in  the  system  in  this 
state  of  equilibrium,  thiosulphuric  acid,  protected  from  further  change 
by  the  accumulated  products  of  the  decomposition  of  thiosulphuric 
acid,  sodium  thiosulphate,  protected  from  saline  decomposition  at  the 
hands  of  the  acidifying  acid  by  the  presence  of  thiosulphuric  acid, 
the  products  of  decomposition  of  thiosulphuric  acid,  and  some  small 
remnant  of  the  acidifying  acid.  The  effect  on  the  velocity  and 
limit  values  of  varying  the  conditions  under  which  the  change  pro- 
ceeds has,  in  the  course  of  the  work,  been  investigated,  and  the 
results,  when  summarised,  show — 

1.  With  stronger  solutions,  the  decomposition  of  thiosulphuric  acid 
proceeds  further  before  a  limit  is  obtained. 

2.  Increase  in  the  quantity  of  the  acidifying  acid  relatively  to  the 
sodium  thiosulphate  increases  the  velocity  and  limit  values.  If  we 
suppose  that  by  the  preservation  of  thiosulphuric  acid  in  the  system 
the  basic  radical  (sodium)  divides  itself  between  the  acidifying  acid 
and  thiosulphuric  acid,  increase  in  the  mass  of  acidifying  acid  must 
produce  increased  saline  decomposition  and  so  overthrow  the 
balance. 

3.  The  same  considerations  explain  how  the  nature  of  the  acidify- 
ing acid  can  affect  the  velocity  and  limit  values.  It  was  found  that 
2HC1  produces  a  greater  resolution  of  thiosulphuric  acid  into 
sulphurous  acid  and  free  sulphur  than  H2SO4. 

4.  The  velocity  and  limit  values  are  affected  by  the  temperature  at 
which  the  change  proceeds,  the  latter  to  a  less  degree  than  the 
former.  At  higher  temperatures,  the  interaction  of  sulphurous  acid 
and  sodium  or  hydrogen  thiosulphate  proceeds  more  rapidly  and 
lurther. 

5.  The  presence  of  sulphurous  acid  in  the  system  before  acidifica- 
tion, retards  slightly  the  velocity  values.  At  the  same  time,  an 
interaction  between  the  sulphurous  acid  and  sodium  or  hydrogen 
thiosulphate  proceeds. 

As  regards  the  secondary  change  which  is  regarded  as  the  forma- 
tion of  a  polythionic  acid  by  interaction  of  sulphurous  acid  and 
hydrogen  or  sodium  thiosulphate,  it  may  proceed  from  the  moment  of 
acidification  simultaneously  with  the  direct  change,  but  its  extent 
must  be  very  small,  not  to  be  revealed  by  the  experimental  method 
followed,  namely,  the  determination  of  the  acidity  of  the  solution 
after  the  iodine  titration  has  been  made.  Pentatliionic  acid  was  not 
found  as  one  of  the  products  of  this  secondary  change. 

The  addition  of  iodine  to  a  mixed  solution  of  sodium  sulphite  and 
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sodium  thiosulphate  does  not  produce  a  trace  of  sodium  trithionate. 
Hence,  Spring's  statement  is  not  trae  of  the  case  where  a  solution  of 
iodine  reacts  with  a  mixed  solution  of  sodium  sulphite  and  thio- 
sulphate. 

Christ  Church  Laboratory, 
Oxford. 


XIV. — Action  of  Sulphurous  Acid  on  Flowers  of  Sulphur. 
By  Arthur  Colefax,  B.A.,  Ph.D.,  Student  of  Christ  Church,  Oxford. 

Fluckiger  found  that  by  the  action  of  sulphurous  acid  on  flowers  of 
sulphur,  traces  of  thiosulphuric  acid  were  formed.  The  reaction 
proceeded  more  easily  if  the  temperature  was  maintained  between 
80°  and  90"  (Jahreshericht,  1863,  149). 

Debus  (Trans.,  1888,  53,  347)  says:  "  The  two  tubes"  (one  con- 
taining 36  c.c.  of  a  concentrated  solution  of  sulphurous  acid  and 
10  grams  of  sulphur,  and  the  second  the  same  volume  of  sulphurous 
acid  without  any  sulphur)  "  remained  for  five  days  at  common  tem- 
peratures, and  were  then  heated  for  several  hours  on  a  water-bath  to 
60 — 80°.  This  treatment  did  not  appear  to  have  effected  any  change 
in  either  of  the  tubes.  Both  were  now  opened,  their  contents  trans- 
ferred to  evaporating  dishes,  and  warmed  on  water-baths  until  all 
Ihe  sulphurous  acid  had  volatilised.  Both  liquids  were  finally  con- 
centrated to  one-fifth  of  their  original  volume." 

Proceeding  in  this  way.  Debus  found  that  the  only  product  of  the 
action  of  sulphur  and  sulphurous  acid  was  an  infinitesimal  quantity 
of  pentathionic  acid,  and  that  its  presence  was  revealed  only  by  one 
test,  and  this  he  regarded  as  insufficient  to  allow  of  the  conclusion 
that  pentathionic  aicid  had  been  formed  by  the  interaction  of  sulphur- 
ous acid  and  flowers  of  sulphur. 

Quantities  of  from  3  to  5  grams  of  flowers  of  sulphur,  which 
had  been  washed  first  with  warm,  then  with  cold  water,  until 
the  washings  were  no  longer  acid  and  possessed  no  iodine  titration, 
were  introduced  into  glass  tubes,  sealed  at  one  end.  After  partly 
drawing  out  the  other  ends  of  the  tubes,  and  displacing  the  air  by 
carbon  dioxide,  30  c.c.  of  a  solution  of  sulphur  dioxide  in  boiled 
water  were  added  to  each  tube.  Equal  volumes  of  the  same  solu- 
tion of  sulphurous  acid  were  introduced  into  other  tubes  containing  no 
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sulphur,  and  served  as  standards  of  the  strength  of  the  sulphurous 
acid  solution. 

First  Series  of  Experiments. — Four  tubes  were  so  charged  with 
sulphurous  acid  and  flowers  of  sulphur;  two  with  sulphurous  acid 
alone.  The  six  tubes,  sealed  before  the  blo^vpipe,  were  placed  in  an 
air-bath  and  heated  at  85°  for  six  days.  Their  contents  were  then 
rinsed  into  flasks,  and  their  iodine  titrations  determined. 

The  tubes  containing  sulphurous  acid  alone  required — 

I,  61  70  c.c.  of  the  iodine  solution. 
11.  62-50 

The  tubes  containing  sulphur  and  sulphurous  acid  required — 

I.  32*25  c.c.  of  the  iodine  solution. 
IT.  82-85 

III.  35-40 

IV.  31-70 

N'o.  Ill  contained  only  a  very  small  quantity  of  sulphur,  about 
05  gram. 

Hence  the  sulphurous  acid  has  acted  upon  the  sulphur,  and  has 
undergone  a  corresponding  diminution  in  its  iodine  titration. 

Second  Series  of  Experiments. — In  this  second  series  of  experiments, 
the  attempt  was  made  to  ascertain  the  nature  of  the  product  or 
products  of  the  action  of  sulphurous  acid  on  sulphur.  The  develop- 
ment of  acidity  after  titration  with  iodine  was  used  to  determine 
what  part  of  the  titration  value  in  terms  of  iodine  was  due  to  sulphur- 
ous acid  still  present. 

10  c.c.  of  a  solution  of  sulphurous  acid,  carefully  prepared  so  as  to 
be  free  from  sulphuric  acid,  by  dissolving  in  boiled  water,  sulphur 
dioxide  displaced  from  its  aqueous  solution  by  a  stream  of  hydrogen 
gas,  required — 

5-5  c.c.  of  an  ammonia  solution  to  neutralise  it. 

The  neutralised  solution  required — 

20"95  c.c.  of  an  iodine  solution. 

The  developed  acidity  required — 

15*60  c.c.  of  an  ammonia  solution  to  neutralise  it. 

20*95 
Hence,         (1)  The  developed  acidity  ticration  X  — ^  =  1-34 

gives  the  iodine  titration  of  the  sulphurous  acid. 

5-50 

(2)  The  developed  acidity  titration  x  j-  =  0*35 

io'bU 


ON  FLOWERS  OF  SULPHUR.  201 

gives  the  acidity  titration  of  the  sulphurous  acid  in  terms  of  the 
iodine  and  ammonia  solutions  used. 

Methyl-orange  was  used  as  an  acidity  indicator,  and  starch  with 
the  iodine  titrations.  The  blue  colour  of  the  starch  iodide  was 
discharged  by  a  drop  of  sodium  thiosniphate  before  the  determination 
of  the  developed  acidity. 

A  number  of  tubes,  prepared  exactly  as  in  the  first  series  of 
experiments,  were  treated  in  different  ways,  and  their  contents 
titrated  with  the  ammonia  and  iodine  solutions.  In  ascertaining  the 
end  of  the  acidity  titrations,  it  was  found  advisable  to  withdraw 
portions  of  the  almost  neutralised  liquid  into  a  clean  flask.  In  the 
absence  of  sulphur,  the  end  of  these  acidity  reactions  was  so  much 
more  easily  recognisable. 

No.  I  contained  2  grams  of  sulphur,  and,  after  standing  at  the 
ordinary  temperature  of  the  air  for  two  months,  was  heated  for  a 
week  to  a  temperature  of  from  80 — 90°. 

Initial  acidity  titration  .  . .   =  15*8         14. qq  y  0-.Q5  —     Ko 
Iodine  titration   .........=  21-65       ^^.g^  ^  ^.3^  "  ^^.gg^ 

Developed  acidity  titration  =  14*80. 

1*75  c.c.  iodine  due  to  thiosulphuric  acid. 

N'o.  II  contained  8  grams  of  sulphur,  and  was  treated  exactly  as 
No.  I. 

Initial  acidity  titration  ...=  15-70       i/joa    >  aok  tt  ^n. 

lodme  titration     .      .      "   =  ff       16-30  x   1-34  =  21-85. 
Developed  acidity  titration  =  lo'dO. 

3*00  c.c.  iodine  due  to  thiosulphuric  acid. 

No.  Ill  contained  5  grams  of  sulphur,  and,  after  standing  at  the 
temperature  of  the  air  for  two  months,  was  heated  for  a  week  at 
80 — 90°,  and  then  allowed  to  stand  another  month  at  the  air  tem- 
perature. 

Initial  acidity  titration  ...    =  15*5  ^.„  __  ^ok  k.-is; 

Iodine  titration  =  231  ^^.^  ^   ^.3^  I  ^g.^  " 

Developed  acidity  titration  =  14*7. 

3*4  c.c.  iodine  due  to  thiosulphuric  acid. 

No.  IV  contained  3  grams  of  sulphur,  and,  after  standing  for  two 
months  at  the  temperature  of  the  air,  was  titrated.    It  was  not  heated. 

Initial  acidity  titration  ...   =  14*5  ^7.7  ^  a.ok  _    q.i- 

Iodine  titration  . . .   =  38-2  g^.^  ^  ^.3^  I  37.^; 

Developed  acidity  titration  =  27*  7. 

11  c.c.  iodine  due  to  thiosulphuric  acid. 

VOL.  LXI.  Q 
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Two  tubes  containing  sulphur  and  distilled  water,  one  of  which, 
after  standing  for  the  two  months  at  the  air  temperature,  was  heated 
to  80 — 90°,  and  the  other  merely  kept  at  the  temperature  of  the  air 
for  the  two  months,  were  examined.  In  neither  case  was  there  any- 
thing acidic  or  possessing  an  iodine  titration  formed. 

The  mean  of  three  titrations  of  the  sulphurous  acid  solution,  made 
at  the  time  of  sealing  the  tubes,  gave :  — 

.  30  c.c.   (the  volume  introduced  into  each  of  the  tubes)  required 

48'3  c.c.  of  the  iodine  solution. 
This  gives  for  the  initial  acidity  titration  a  value  12'6  c.c.  of  the 

ammonia  solution. 
This  gives  for  the  developed  acidity  titration  a  value  36*05  of  the 

ammonia  solution. 

In  considering  the  interpretations  which  the  above  results  bear,  it 
must  be  noticed — 

I.  That  sulphurous  acid  titrated  with  ammonia,  using  methyl- 
orange  as  an  indicator,  shows  neutrality  when  the  point  correspond- 
ing to  the  formation  of  NHi'HSOs  has  been  but  slightly  over- 
stepped. 

II.  That  where  sulphurous  acid  oxidises  to  sulphuric  acid,  there  is 
almost  a  doubling  in  the  initial  acidity  value,  and  a  complete  loss  of 
iodine  titration,  and  of  developed  acidity. 

III.  That  where  sulphurous  acid  unites  with  sulphur  there  will  be, 
if  thiosulphuric  acid  is  formed,  almost  a  doubling  of  the  initial  acidity 
value,  a  halving  of  the  iodine  titration  value,  for 

H2SO3  +  I2  +  H2O  =  2HI  +  H2SO4, 
but  2H2S2O3  +  I2  =  2HI  +  H2S4O6. 

ly.  That  supposing  the  two  equations 

H2SO3  -l-  S  =  H2S2O3, 
2H2S2O3  +  3H2SO3  =  2H2S3O6  +  3H2O  4-  S 

to  represent  the  change  taking  place  when  sulphur  and  sulphurous 
acid  interact,  the  initial  acidity  will  be  approximately  f  of  its  original 
value,  if  all  the  sulphurous  acid  becomes  converted  into  trithionic 
acid.  Further,  as  sulphurous  acid  becomes  converted  into  trithionic 
acid,  its  iodine  titration  and  developed  acidity  titration  are  completely 
lost. 

V.  That  anything  possessing  an  iodine  titration,  which  is  not 
sulphurous  acid,  may  be  thiosulphuric  acid. 

YI.  That  the  initial  acidity  titration  of  sulphurous  acid  is  about  J 
of  its  iodine  titration  in  terms  of  the  ammonia  and  iodine  solutions 
used. 
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From  the  results  of  the  titrations  given  above,  the  following  con- 
clusions may  be  drawn  : — 

1.  That  sulphur  and  sulphurous  acid  do  react  even  at  the  ordinary 
temperature  of  the  air.  The  action  in  this  case  is  slow,  but  a 
temperature  of  from  80 — 90°  greatly  accelerates  it. 

2.  There  is  in  the  solution  a  small  quantity  of  something  posses- 
sing an  iodine  titration,  which  is  over  and  above  the  iodine  titration 
of  the  still  unaltered  sulphurous  acid.  This  may  be  thiosulphuric 
acid. 

3.  The  initial  acidity  titration  shows  that  there  is  present  a 
quantity  of  something  possessing  an  acidity,  but  no  iodine  titration. 
Some  small  part  of  this  is,  undoubtedly,  oxidised  sulphurous  acid  ; 
but  the  greater  part  cannot  be  sulphuric  acid,  because,  in  that  case, 
the  initial  acidity  titration  would  be  greater  than  12*6  (the  initial 
acidity  value  of  the  standard)  by  one-fourth  of  the  diminution  in  the 
iodine  titration.  The  increase  in  initial  acidity  titration  due  to  thio- 
sulphuric acid  is  approximately  half  the  diminution  in  iodine  titra- 
tion consequent  on  its  formation.  There  is  present  in  the  system 
something  acidic,  and  without  iodine  titration.  This  may  be  a  poly- 
thionic  acid,  trithionic,  tetrathionic,  or  pentathionic  acid. 

The  following  qualitative  tests  were  made  with  the  contents  of 
the  tubes  which  had  been,  in  the  case  of  the  first,  allowed  to  stand 
the  two  months,  then  heated  at  80 — 90°  ;  in  the  case  of  the  second, 
allowed  to  stand  at  the  temperature  of  the  air  for  two  months ;  in 
the  case  of  the  third,  kept  in  the  dark  at  the  temperature  of  the  air 
for  three  months. 

First  Case.  The  tube  had  been  heated  at  80 — 90°. — Mercurous 
nitrate  gave  an  instantaneous  black  precipitate  (sulphurous  acid 
will  also  give  this).  Silver  nitrate  produced  a  yellow  precipitate, 
which  very  rapidly  blackened  on  gently  warming.  Ammoniacal 
silver  nitrate,  in  presence  of  excess  of  ammonia,  did  not  give  a  pre- 
cipitate.    Cupric  sulphate  gave,  on  boiling,  black  copper  sulphide. 

Second  Case.  The  tube  had  not  been  heated. — Silver  nitrate  gave  a 
yellow  precipitate,  changing  to  black,  even  with  a  portion  of  the 
liquid  from  which  sulphurous  acid  had  been  boiled  off.  Copper 
sulphate  gave,  on  boiling,  black  copper  sulphide.  Ammoniacal  silver 
nitrate  produced  no  precipitate. 

Third  Case.  The  tube  had  been  kept  in  the  dark,  wrapped  in  black 
paper,  for  three  months. — Silver  nitrate  gave  a  white,  changing  to 
yellow  and  red,  precipitate,  which,  on  gently  warming,  became  black. 
Ammoniacal  silver  nitrate  produced  no  precipitate.  Copper  sulphate, 
on  boiling,  gave  copper  sulphide. 

These  qualitative  tests  point  to  the  presence  of  thiosulphuric  acid, 
trithionic  acid,  tetrathionic  acid,  or  a  mixture  of  any  two  or  all  three 

Q  2 
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of  these  acids.  Pentatliionic  is  not  present  because  of  the  absence  of 
a  precipitate  with  ammoniacal  silver  nitrate.  Further,  the  precipit- 
ates were  less  bulky  in  the  last  two  cases  than  in  the  first  case. 

Conclusions. 

1.  Sulphurous  acid  does  react  with  flowers  of  sulphur,  even  in  the 
dark,  at  the  ordinary  temperature  of  the  air.  With  a  higher  tem- 
perature, the  reaction  proceeds  still  further,  and  there  is  formed,  in 
addition  to  thiosulphuric  acid,  trithionic  or  tetrathionic  acid,  or 
both. 

2.  Pentathionic  acid  could  not  be  detected  by  the  ammoniacal 
silver  nitrate  test. 

Christ  Church  Laboratory, 
Oxford. 


XV. — The  Structure  and  Chemistry  of  Flames. 

By  Aethur  Smithells,  B.Sc,  and  Harry  Ingle,  B.Sc,  1851  Exhibition 
Science  Scholar  (1891),  the  Yorkshire  College,  Leeds. 

During  the  past  12  months  we  have  been  engaged  in  investigating  some 
new  points  in  connection  with  the  structure  and  chemistry  of  flames. 
The  investigation,  which  at  first  proceeded  rapidly,  has  latterly  become 
more  complex  and  difficult,  and  much  more  work  is  demanded  for  the 
complete  solution  of  the  problems  that  have  arisen.  We  fully  intended 
to  delay  the  publication  of  our  results  until  material  for  a  complete 
memoir  had  been  accumulated,  especially  as  we  believed  ourselves  to 
be  working  in  an  obscure  corner  of  the  subject.  But  in  the  Journal 
fiir  jpraMische  Chemie,  44,  246,  there  appeared  a  paper  "  Zur  Kenn- 
zeichnung  der  Plamme,"  by  N.  Teclu,  which  was  first  brought  to 
our  notice  by  an  abstract  in  this  Journal  (1891,  1309),  and  the 
paper  gives  a  description  of  the  very  phenomenon  which  served  as 
the  starting  point  of  our  experiments.  The  author  also,  in  a  foot- 
note, reserves  to  himself  the  investigation  of  the  field  to  which  this 
phenomenon  opens  the  way.  As  the  phenomenon  in  question  was 
observed  by  one  of  us  three  or  four  years  ago,  and  has  indeed  been 
since  shown  as  a  lecture  experiment,  and  as  we  have  been  so  long 
engaged  in  working  out  the  points  suggested  by  it,  we  feel  compelled 
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to  give  an  account  of  our  experiments  as  far  as  thej  have  gone,  and 
to  indicate  the  directions  in  which  we  propose  to  extend  them.  Tlie 
greater  part  of  the  account  whieh  follows  was,  we  may  say,  in  manu- 
script before  Herr  Tecln's  paper  came  under  our  notice. 

The  experiments  to  be  described  were  undertaken  with  the  general 
object  of  enquiring  into  the  structure  of  hydrocarbon  flames.  By 
-employing  hydrocarbons  of  definite  composition  we  hoped  that  it 
would  be  possible  to  trace  the  chemical  changes  taking  place  in 
different  regions  of  the  flame  with  more  accuracy  and  definiteness 
than  is  possible  with  coal-gas,  paraffin,  or  other  mixtures  such  as  have 
been  used  by  previous  investigators. 

By  something  of  the  nature  of  an  accident,  the  enquiry  has  been 
directed  in  the  first  instance  to  the  study  of  non-luminous  flames.  A 
long,  glass  tube  was  fixed  over  a  Bunsen  burner  so  as  to  form  prac- 
tically a  wider  prolongation  of  the  metal  tube,  and  the  ordinary  non- 
luminous  flame  was  obtained  at  the  top  of  it.  On  diminishing  the 
supply  of  gas  or  increasing  the  supply  of  air,  such  a  flame  assumes 
the  well-known,  clearly-defined,  two-coned  structure,  the  inner  cone 
becoming  gradually  flatter  and  smaller,  more  sharply  defined,  and 
distinctly  green  in  colour.  If  the  gas  supply  be  further  diminished, 
the  flame  eventually  passes  down  the  glass  tube,  until  after  a  period 
of  rapid  vibration  it  either  causes  the  detonation  of  the  mixture  in 
the  tube  and  lights  the  gas  at  the  bottom,  or  else  it  goes  out. 

This  experiment  has  been  shown  by  Professor  H.  B.  Dixon  to 
illustrate  the  initiation  of  the  explosive  wave,  and  the  phenomena 
observed  are  similar  to  those  photographed  and  described  by  Mallard 
and  Le  Chatelier  in  their  experiments  on  the  same  subject  {Bull.  Soc. 
CUm.,  39,  572;  Abstr.,  1884,  46,  549). 

An  attempt  was  made  to  cause  the  retreating  flame  to  register  its 
course  by  coating  the  interior  of  the  tube  thinly  with  wax,  and  some 
interesting  markings  were  obtained.  We  hold  this  matter  in  reserve 
for  the  time  being. 

On  carefully  regulating  the  supply  of  gas  and  air  so  that  the  flame 
would  just,  but  only  just,  recede,  it  was  found  that  the  flame  would 
pass  down  the  tube  for  12  inches  or  so,  and  then  return  to  the  top; 
and  in  this  way  an  oscillation  of  the  flame  could  be  maintained  for 
some  minutes.  On  carefully  inspecting  the  apparatus  when  in  this  con- 
dition, it  was  found  that  the  flame  did  not  recede  as  a  whole,  but  that, 
in  fact,  it  split  into  two  parts  (i),  an  inner  cone  which  became  flatter  and 
•greener  as  it  entered  the  tube  and  descended  the  latter  like  a  piston 
with  a  convex  under  surface,  and  (ii),  a  larger,  scarcely-luminous, 
lilac- coloured  cone  which  remained  in  its  original  position  at  the  top 
of  the  tube.  It  was  obvious  that  this  division  of  the  flame  corre- 
fiponded  to  the  two-coned  structure  of  a  Bunsen  flame,  and  the  ex- 
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periment  made  it  clear  that  in  a  Bunsen  flame  we  have  two  distinct 
stages  and.  areas  of  combustion  defined  respectively  by  the  inner  and 
outer  cones  of  flame.  The  apparatus  seemed  to  promise  a  means  of 
widely  separating  these  regions  and  of  examining  the  gases  between 
them  without  any  possibility  of  diffusion  of  the  outside  air  or  of  gases 
from  other- parts  of  the  flame.  For  this  purpose,  it  was  necessary  to 
devise  some  means  whereby,  after  the  flame  had  been  divided  into 
two  cones,  these  could  be  kept  separate  whilst  some  of  the  gases  from 
the  interconal  space  was  aspirated  for  analysis. 

It  will  perhaps  be  well  at  this  point  to  consider  the  reason  for  the 
division  of  the  flame.  When  a  Bunsen  flame  is  burning  at  the  top  of  a 
tube  in  the  ordinary  way,  the  coal-gas  is  in  such  excess  that  the 
mixture  within  the  tube  is  scarcely  explosive.  If  now  the  proportion 
of  coal-gas  to  air  be  diminished,  the  mixture  within  the  tube  becomes 
more  explosive,  and  the  initial  velocity  of  inflammation  of  this 
mixture  increases  as  the  proportion  of  air  is  increased  up  to  a  certain 
point.  Long  before  enough  oxygen  is  mixed  with  the  gas  for  its 
complete  combustion,  the  explosibility  of  the  mixture  has  reached 
such  a  point  that  the  velocity  of  inflammation  is  greater  than  the 
velocity  of  efflux  from  the  tube,  and  so  the  flame  is  differentiated  into 
two  cones,  one  of  which  descends  the  tube  and  marks  the  margin  of 
the  explosive  mixture.  The  other  cone  marks  the  area  of  combus- 
tion of  the  combustible  gases  which  have  escaped  combustion  in  tbe 
lower  cone,  and  are  burning  at  the  top  of  the  tube  in  free  air.  Now 
the  rate  at  which  the  inner  cone  will  continue  to  descend  the  tube  will 
depend  upon  several  conditions,  one  of  which  is  the  temperature, 
another  the  diameter  of  the  tube,  and  these  considerations  suggested 
a  means  of  arresting  the  lower  cone  of  flame.  By  heating  the  glass 
tube  with  a  blowpipe  flame  at  a  point  about  a  foot  below  the  top,, 
it  was  found  possible  to  arrest  the  inner  cone  when  reascending  ;  the 
high  temperature  producing  locally  a  velocity  of  inflammation  greater 
than  that  at  points  above  or  below,  and  so  fixing  the  flame.  The 
second  method  suggested  by  the  foregoing  considerations  was  simply 
to  diminish  the  diameter  of  the  tube  at  one  point  either  by  means  of  a 
metal  diaphragm  or  by  slightly  drawing  out  the  tube  so  as  to  cause  a 
constriction.  At  the  narrow  part  of  the  tube,  the  velocity  of  the 
ascending  gas  mixture  is  obviously  greater  than  elsewhere,  and 
hence  a  flame  which  will  descend  the  wider  part  of  the  tube  will  be 
arrested  at  this  point.  With  this  apparatus,  the  flame  could  be 
divided  with  the  greatest  ease,  and  the  two  regions  of  combustion 
kept  separate  for  any  length  of  time. 

The  apparatus  finally  adopted  was  constructed  as  shown  in  Fig.  1. 
A  Bunsen  burner  A  is  fitted  to  a  glass  tube  BC  by  means  of  a  per- 
forated cork  or  a  packing  of  cotton  wool.      The  upper  part  of  this 
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tube  is  sheathed  with  a  wider  one  EP,  and  connected  to  ifc  by  a  joint 
at  E. 


Fia.  1. 

The  most  suitable  joint  for  this  purpose  is  an  india-rubber  tobacco- 
pipe  cover,  the  flat  disc  of  which  can  be  punched  out  with  a  cork- 
borer  so  as  to  admit  the  inner  tube.  Whilst  maintaining  an  air-tight 
connection,  this  admits  of  the  free  up  and  down  movement  of  the 
inner  tube. 

The  two  tubes  are  kept  coaxial  by  a  ring  of  asbestos  at  G.  Rings 
of  brass  foil  may  be  fitted  into  the  ends  C  and  F  of  the  glass  tubes  to 
diminish  the  risk  of  cracking  by  heat,  and  to  avoid  coloration  of  the 
flame  by  the  sodium  of  the  glass. 

If  the  apparatus  be  arranged  so  that  the  month  of  the  inner  tube  is 
about  10  cm.  below  that  of  the  outer  one,  and  the  gas  be  lighted,  an 
ordinary  Bunsen  flame  is  obtained  at  the  mouth  of  the  latter.  If  now 
the  gas  supply  be  gradually  diminished,  the  flame  becomes  smaller, 
and  the  two-coned  structure  more  evident  until  tbe  inner  cone,  having 
become  very  small  and  green  in  colour,  shows  a  tendency  to  enter  the 
tube.  As  the  gas  supply  is  further  cut  off,  the  inner  cone  will  prob- 
ably descend  and  reascend  a  few  centimetres,  until  finally  it  descends 
as  far  as  the  orifice  of  the  inner  tube  at  C,  on  which  it  will  then  sud- 
denly settle  and  remain.  This  point  is  equivalent  to  a  constriction  in 
the  tube,  and  the  consequent  increase  in  the  velocity  of  ascending 
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gases  determines  the  sudden  arrest  of  the  receding  flame.  Whilst 
this  is  going  on,  a  feeble  flame  consisting  of  a  single  hollow  cone  of 
pale  lilac  colour  remains  at  the  orifice  of  the  outer  tube  F.  The  two 
conical  areas  are  thus  widely  separated,  and  the  gases  coming  from 
the  lower  one  can  be  easily  aspirated  by  introducing  one  limb  of  a 
bent  tube  at  E. 

That  these  two  cones ,  correspond  to  the  two  cones  of  a  Bunsen 
flame  is  evident  from  the  course  of  the  experiment,  but  it  may  be  seen 
still  more  plainly  by  modifying  the  procedure  as  follows  : — The  appa- 
ratus is  arranged  so  that  the  inner  tube  projects  above  the  outer  one, 
and  tbe  Bunsen  flame  is  obtained  on  the  former.  The  gas  supply  is 
tben  cut  off  till  the  inner  cone  is  on  the  point  of  descending,  but  is 
still  burning  steadily.  The  outer  tube  is  then  slid  slowly  up  beyond 
the  inner  tube,  and  it  will  be  seen  to  cleanly  detach  and  carry  up  the 
outer  cone  from  the  inner  one,  which  remains  in  its  original  position 
at  the  top  of  the  inner  tube. 

An  idea  of  the  distribution  of  heat  may  be  obtained  by  stretching 
an  iron  wire  along  the  axis  of  the  two  tubes,  when  it  will  be  seen  that 
tlie  brightest  glow  is  where  the  wire  passes  through  the  top  of  the 
lower  cone.  Below  and  above  this  point  the  wire  remains  dark 
until  it  passes  through  the  tip  of  the  upper  cone.  It  is  evident  that 
both  cones  are  hollow,  and  that  the  lower  one  is  much  the  hotter. 
Its  temperature  appears  to  lie  between  the  melting  point  of  copper  and 
iron,  that  is,  above  1300°.* 

Instead  of  using  the  apparatus  as  shown  in  Fig.  1  (the  handiest 
form  for  a  lecture  experiment),  it  has  been  found  more  convenient  to 
dispense  with  the  Bunsen  burner,  and  to  have  the  supplies  of  gas  and 
air  under  complete  control ;  and  to  this  end  the  gases  have  been 
forced  in  from  gas-holders  through  a  T^pi^^®  passing  through  a 
cork  at  B.  This  arrangement  also  allows  the  experiment  to  be  carried 
a  stage  further.  If,  after  the  air  and  gas  have  been  adjusted  so  as 
to  produce  a  separation  of  the  cones  as  above  described,  the  supply 
of  air  be  further  increased,  the  explosibility  of  the  mixture  increases, 
the  inner  cone  darts  down,  the  upper  one  disappears,  and  the  combus- 
tion goes  on  at  B,  where  the  gases  enter  the  apparatus.  On  further 
increasing  the  air-supply,  the  flame  goes  out,  but  a  little  more  air 
now  diminishes  the  explosibility  of  the  mixture,  and  it  is  found 
possible  to  ignite  it  when  it  burns  in  a  simple  cone  at  C.  This  is  a 
flame  burning  with  excess  of  air,   and,  being  no  longer  a  seat  of 

*  Eosetti  {Ber.,  1877,  2054,  and  1878,  809)  gives  the  temperature  of  the  inner 
cone  of  an  ordinary  Bunsen  burner  as  below  1200°,  and  the  highest  temperature 
outside  it  as  1360".  According  to  Bunsen  ("  Flammenreactionen ")  the  highest 
temperature  is  midway  between  the  tip  of  the  inner  cone  and  the  nearest  point  of 
the  outer  one. 
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partial  combustion,  is  indivisible.  More  air  merely  cools  it,  until 
finally  it  goes  out.  We  tbus  pass  from  a  Bunsen  flame  in  wbich 
there  are  excess  of  coal-gas  and  two  areas  of  combustion  to  a  flame 
where  there  is  excess  of  air  and  only  one  cone  of  combustion. 

To  use  the  apparatus  for  non-luminous  flames  from  liquid 
hydrocarbons,  all  that  is  required  is  a  current  of  air  from  a  gas- 
holder, so  arranged  that  any  desired  fraction  can  be  sent  through  a 
"  saturator."  Such  saturators  as  are  used  for  the  ether-oxygen  lime- 
light serve  excellently  ;  but  for  ordinary  purposes  a  wide  glass  tube, 
containing  a  roll  of  flannel  soaked  with  the  hydrocarbon,  answers  very 
well.  The  air,  after  passing  through  the  saturator,  rejoins  the  main 
current,  and  passes  into  the  apparatus,  where,  by  suitable  regulation, 
a  non-luminous  flame  can  be  obtained,  and  separated  into  two  cones. 
The  appearances  presented  are,  in  the  case  of  liquid  hydrocarbons,  not 
quite  the  same  as  with  those  which  are  ordinarily  gaseous.  As  a  rule, 
with  the  vapours  of  liquid  hydrocarbons  a  considerable  degree  of 
luminosity  is  maintained  until  the  moment  of  descent  of  the  inner 
cone,  whereupon  both  cones  become  non-luminous.  Besides  this,  the 
inner  cone  presents  a  peculiar  appearance.  It  is  divided  by  dark 
lines  into  several  (usually  five  or  six)  petal-like  segments,  wbich 
often  revolve  with  great  rapidity  round  a  vertical  axis.  Air  charged 
with  benzene  vapour  affords  an  example  of  this  class  of  flames,  and 
with  it  also  two  more  points  of  special  interest  may  be  observed.  If, 
after  the  tw^o  non-luminous  cones  have  been  separated,  the  supply  of 
benzene-vapour  be  increased,  a  luminous  tip  appears  in  the  inner  cone, 
and  on  further  increasing  the  benzene  this  tip  extends  as  a  vertical 
streak  of  separated  carbon.  It  is  luminous  for  some  distance  above 
the  inner  cone,  then  cools  down,  and  only  becomes  incandescent  again 
on  passing  through  the  tip  of  the  upper  cone.  If  the  benzene  supply 
be  diminished,  the  luminous  streak  disappears,  the  upper  cone  becomes 
smaller  and  smaller,  and  finally  disappears  altogether.  Meanwhile, 
the  inner  cone  has  become  smaller,  and  more  vividly  blue  and  hotter, 
and  now  the  whole  combustion  is  taking  place  in  this  single  cone  of 
flame.  If  more  benzene  be  cut  off",  the  proportion  of  air  becomes 
excessive,  the  flame  cools,  loses  brilliance,  and  slightly  enlarges. 
Finally,  a  further  diminution  of  benzene  caused  the  flame  to  rise  from 
the  inner  tube,  slowly  pass  upwards,  and  .disappear.  These  appear- 
ances are  shown  in  Plate  I,  which  is  from  photographs,  and  repre- 
sents the  gradual  transition  without  even  momentary  extinction  from 
a  flame  containing  excess  of  hydrocarbon  to  one  containing  excess  of 
air. 

Analytical  Methods. — The  first  analyses,  made  with  a  view  to  deter- 
mining approximately  the  constituents  of  gases  coming  from  the 
inner  cone  of  flame,  were]|done  with  Hempel's  apparatus.     The  appa- 
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ratns  subsequently  employed  was  of  two  kinds,  one  for  gravimetric 
determinations  specially  devised,  and  the  other  the  gas  analysis  appa- 
ratus invented  by  Dittmar  and  Lennox,  and  constructed  for  us  by 
Messrs.  Baird  and  Tatlock.  We  do  not  propose  at  present  to  describe 
either  apparatus.  A  description  of  the  Dittmar-Lennox  apparatus  in 
its  present  form  has  not  yet  been  published,  but  the  essential  features 
are  described  by  Professor  Dittmar,  in  the  new  edition  of  Watts's 
Dictionary  of  Chemistry,  1,  245.  We  have  to  express  our  indebtedness 
to  Mr.  Lennox,  for  valuable  assistance  in  connection  with  the  use  of 
the  apparatus,  which  we  have  found  exceedingly  handy.  The  volu- 
metric process  is  of  course  much  the  shorter  and  easier,  but  the  quan- 
tity of  gas  used  is  small,  and  we  were  driven  to  use  a  gravimetric 
method,  in  order  to  have  a  means  of  directly  determining  water- 
vapour,  and,  by  operating  on  large  quantities  of  gas,  to  have  a  control 
for  the  volumetric  process  more  usually  employed. 

It  is  unnecessary  here  to  enter  into  details  of  the  methods  of  carry- 
ing out  the  analysis  and  calculating  results.  We  have  made  many 
dozens  of  analyses,  and,  knowing  to  what  extent  the  methods  are 
trustworthy,  shall  be  careful  to  give  only  such  results  as  we  believe  to 
be  quite  reliable  for  the  purposes  for  which  they  are  used.  We  take 
this  course  chiefly  because  it  now  appears  to  us  necessary  to  devise 
still  more  accurate  methods  for  dealing  with  the  problems  raised  by 
our  experiments,  and  we  hope  eventually  to  repeat  all  our  analyses 
with  a  new  apparatus.  The  methods  used  break  down  when  small 
quantities  of  hydrocarbons  have  to  be  determined. 

Experiments  with  Hydrocarhons. 

We  proceed  to  give  a  list  of  the  hydrocarbons  used,  adding  remarks 
as  to  any  special  features  noticed. 

Ethylene. — The  two  cones  may  be  separated  before  the  lower  one  is 
free  from  separated  carbon,  or  they  may  be  made  non-luminous.  In 
the  former  case  some  acetylene  comes  from  the  inner  cone. 

Methane. — Both  cones  non-luminous. 

Fentane. — Inner  cone  channelled  by  dark  spaces,  and  open  at  the 
tip. 

Heptane. — Same  as  pentane. 

Benzene. — Already  described.  The  inner  tube  must  have  a  smaller 
diameter  than  in  the  other  cases,  otherwise  it  is  impossible  to  arrest 
the  inner  cone.  When  the  inner  cone  has  a  luminous  tip,  it  gives  off 
acetylene. 

Goal-gas. — Already  described.  Tubes  of  various  diameters  were 
used. 

The  following  numbers  are  extracted  from  our  experimental  results, 
and  in  most  cases  were  repeatedly  verified. 
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Gas. 

C2H4. 

C2H4. 

CH4. 

C5H12. 

CjHie. 

CeHe. 

Coal  gas. 

Diameter  of  outer 
tube  in  mm.  . . . 

29 

29 

29 

20 

20 

19 

29 

19-5 

28 

Diameter  of  inner 
tube  in  mm.. . . 

20 

20 

20 

13 

13 

8 

20 

12 

8 

Gravimetric    (G) 
or  volumetric  (Y) 

G 

V 

y 

V 

y 

y 

G 

y 

y 

CO2 

3-8 

3-6 

6-8 

7-0 

6-5 

13-1 

3-8 

4-2 

4-8 

H2O   

9-5 

9-5 

17-6 

]3  1 

12-3 

7-7 

14-9 

16-0 

15  9 

CO  

15-3 

15-6 

4-5 

7-9 

9-5 

5  0 

10-2 

8-8 

7'1 

Hydrocarbon  .... 

0-8 

1-3 

# 

# 

* 

0-6 

* 

# 

# 

Ho 

9-5 

9-4 

3-9 

5-4 

5-8 

0-64 

10-9 

9-3 

7-7 

Nn 

61-1 

60-6 

67-2 

66-2 

65-6 

73  1 

60-3 

62-0 

64*4 

From  the  above  analyses  it  is  evident  that  the  gases  in  all  cases 
were  mainly  carbon  dioxide,  water-vapour,  carbon  monoxide,  and 
hydrogen,  together  with  the  nitrogen  accompanying  the  air  supply. 
In  some  cases  a  small  quantity  of  "  hydrocarbons  "  is  set  down.  This 
is  the  most  unsatisfactory  feature  in  the  analyses,  for  the  uncertainty 
as  to  the  nature  and  quantity  of  these  hydrocarbons  affects  the  whole 
analysis.  It  has  been  necessary  in  calculating  the  results  to  make 
some  arbitrary  assumption  as  to  the  nature  of  the  hydrocarbons,, 
and  on  this  account,  as  well  as  from  the  fact  that  the  substances 
employed  were  not  in  all  cases  pure,  the  analyses  must  only  be  con- 
sidered as  preliminary.  It  will  be  observed  that  variation  in  the 
diameter  of  the  tubes  has  a  considerable  effect  on  the  products  of 
partial  combustion.  Diminution  of  diameter  of  the  inner  tube  neces- 
sitates the  employment  of  more  air,  and  so  increases  the  proportion  of 
carbon  dioxide  and  water  formed.  In  no  case  was  free  oxygen  found 
in  the  gases. 

In  the  case  of  coal-gas,  the  mixture  burning  at  the  inner  tube  con- 
sisted of  about  1  vol.  of  coal-gas  to  4*8  vols,  of  air,  and  so  contained 
about  twice  the  normal  amount  of  air  for  a  Bunsen  flame.  In  the 
case  of  benzene,  the  gas  consisted  of  1  vol.  of  benzene  vapour  to  about 
30  of  air. 


*  Quantity  of  hydrocarbons  too  small  to  estimate. 
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General  Gonsideratiuns  on  the  Results  obtained  with  Hydrocarbons. 

From  the  foregoing  results  it  is  clear  that  when  a  hydrocarbon  is 
burnt  with  air  in  sufficient  quantity,  the  flame  consists  of  two  distinct 
hollow  cones,  the  inner  one  tending  to  propagate  itself  downwards, 
the  outer  one  tending  in  the  opposite  direction.  This  is  indeed  no 
new  discovery,  though  we  find  that  many  chemists  have  been  in 
the  habit  of  regarding  the  Bunsen  flame  rather  as  a  single  mass  of 
glowing  gas  with  an  inner  and  outer  surface  than  as  two  cones  of 
flame.  Blochmann  in  his  well-known  paper  (^Ann.,  168,  295)  states 
explicitly  that  the  flame  has  the  two- coned  structure.  In  an  ordinary 
Bunsen  flame  these  cones  approximate  to  one  another  very  closely, 
and  only  when  the  air  supply  is  increased  is  their  separate  existence 
■evident.  The  thickness  of  the  walls  of  the  cones  is  very  slight,  and 
this  is  particularly  the  case  with  the  inner  cone.  It  is  bounded  on  the 
lower  side  by  a  ready-made  explosive  mixture,  so  that  the  chemical 
action  is  very  intense  and  local.  Outward  from  it  proceed  gases 
which  have  to  make  their  own  explosive  mixture  by  diffusing  with 
the  outside  air  until  the  necessary  oxygen  is  obtained.  The  large 
size,  greater  thickness,  want  of  sharpness,  and  lower  temperature  of 
the  outer  flame  are  thus  explained.  The  theory  of  the  separation  of 
these  cones  has  already  been  given. 

Perhaps  the  most  remarkable  fact  apparent  from  our  analyses  is 
that  the  main  chemical  change  occurring  in  the  inner  cone  consists 
in  the  combustion  of  the  hydrocarbons  to  form  carbon  monoxide  and 
water  with  smaller  quantities  of  carbon  dioxide  and  hydrogen.  But 
here  again  we  flnd  on  referring  to  Blochmann's  paper  that  he  infers 
that  this  kind  of  change  takes  place  in  the  ordinary  Bunsen  flame. 
The  importance  of  his  observation  has  no  doubt  been  overlooked  on 
account  of  the  fact  that  he  used  coal-gas,  which,  in  the  unburned 
state,  contains  about  half  its  volume  of  hydrogen.  It  is,  at  any  rate, 
satisfactory  to  have  proved  the  existence  of  such  a  change  with 
definite  hydrocarbons  and  in  a  perfectly  direct  manner. 

At  the  time  when  we  obtained  these  results  we  were  not  aware 
of  what  we  have  since  found  to  be  some  well-established  facts  con- 
cerning the  combustion  of  hydrocarbons  with  oxygen  insufficient 
in  amount  for  their  complete  oxidation  to  carbon  dioxide  and  water. 
But  a  short  time  subsequently,  after  we  had  discussed  the  subject 
with  Professor  H.  B.  Dixon,  it  happened  independently  to  him  and 
to  ourselves  to  discover  that  the  incomplete  oxidation  of  methane 
and  ethylene  had  been  studied  at  the  beginning  of  the  century. 
Dalton  states  that  ethylene  exploded  with  its  own  volume  of  oxygen 
.gives    carbonic    oxide    and    hydrogen,    and   that   marsh   gas,    under 
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similar  conditions,  gives  equal  volumes  of  steam,  carbonic  oxide,  and 
hydrogen. 

O2H4  +02  =  2C0  +  2H2. 
CH4    +  O2  =  CO  +  H2O  +  H2. 

The  incomplete  combustion  of  these  hydrocarbons  was  studied 
again  in  1861  by  Kersten  {J.  pr.  Ghem.,  84,  310)  who,  in  the  main, 
substantiates  Dalton's  results  although  they  were  evidently  un- 
known to  him.  Without  reference  either  to  Dalton  or  Kersten,  the 
subject  was  again  taken  up  in  1874  by  E.  von  Meyer  and  similar 
results  obtained,  and  at  the  same  time,  experiments  of  the  same  kind 
were  made  independently  by  Thomas.* 

We  do  not  think  the  explanation  of  the  facts  observed  is  difficult 
to  find.  That  carbon  on  oxidation,  even  with  excess  of  oxygen,  burns 
first  to  carbon  monoxide,  is  highly  probable  from  the  experiments  of 
H.  B.  Baker  (Froc.  Boy.  Soc,  1889,  45,  1),  but  that  carbon  should 
burn  more  readily  than  hydrogen,  is  not  in  accordance  with  a  widely 
prevailing,  though  scarcely  justifiable  belief.  Without  desiring  to 
raise  any  confusion  between  questions  of  affinity  and  of  energy,  we 
may  be  allowed  to  draw  attention  to  the  thermochemical  aspect  of  thfr 
question. 

The  calculated  heat  of  combustion  of  solid  carbon  to  carbon  mon- 
oxide is  only  29,000  calories,  but  the  thermal  effect  is  here  diminished 
by  the  amount  of  heat  necessary  for  the  gasification  of  solid  charcoal, 
and  accordingly  we  find  that  the  addition  of  a  second  atom  of  oxygen 
(that  is,  the  conversion  of  CO  into  CO2)  gives  a  much  greater  heat 
evolution,  viz.  67,960  calories. 

Attempts  have  been  madef  to  calculate  the  heat  of  combustion  of 
gaseous  carbon  to  carbon  dioxide,  but  objection  has  been  taken  to 
themj  on  the  ground  that  they  virtually  assume  the  heat  of  com- 
bination of  the  first  and  second  atoms  of  oxygen  to  be  equal.  But  in 
any  case  it  is  agreed  that  the  combination  of  the  first  atom  of  oxygen 

*  We  are  indebted  to  Professor  Thorpe  for  drawing  our  attention  to  the  work 
of  Thomas,  an  account  of  which  appears  in  Iron,  1875,  and  in  an  appendix  to 
"  Coal-mine  Gases  and  Ventilation,"  by  J.  W.  Thomas,  Longmans  and  Co.,  1878^ 
On  this  point  Professor  Dixon  writes  to  us  :  "  In  the  spring  of  last  year  I  deter- 
mined the  rate  of  the  explosion-wave  in  a  mixture  of  ethylene  with  its  own  volume 
of  oxygen.  I  found  detonation  took  place,  and  that  the  oxygen  was  entirely  taken 
by  the  carbon  setting  hydrogen  free,  in  accordance  with  Blochmann's  equation  and 
with  E.  von  Meyer's  results,  which  I  doubted.  After  making  these  experiments,  I 
happened  to  come  across  Dalton's  work  in  the  second  part  of  his  New  System. 
I  did  not  know  that  Kersten  had  done  it ;  I  have  to  thank  you  for  calling  my 
aHention  to  his  work." 

t  See  especially  Thomeen,  Thermochem-Untersuch.     Band  17. 

X  Armstrong,  Fhil.  Mag.  [5],  23,  Feb.  1887. 
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with  a  carbon  atom  produces  at  least  as  mucli  heat  as  that  of  the 
second  atom,  viz.,  67,960  calories,  and  this  is  more  heat  than  is 
evolved  in  the  combustion  of  hydrogen  to  gaseous  water  (57,900 
calories).  The  last  number  is,  however,  the  heat  of  combination  of 
a  molecule  of  hydrogen,  and  to  it  must  be  added  the  heat  necessary 
for  the  separation  of  this  molecule  into  atoms.  No  reliable  estimate 
•of  this  value  has  ever  been  made. 

We  may  suppose  that  in  our  experiments,  when  the  hydrocarbon 
first  burns  in  the  inner  cone,  there  is  a  distribution  of  the  limited 
supply  of  oxygen  between  tbe  carbon  and  hydrogen,  such,  that  either 
carbon  monoxide  and  water  or  carbon  monoxide,  water,  and  hydrogen 
are  6rst  formed.  The  two  gases  carbon  monoxide  and  water,  cannot 
exist  at  tbe  temperature  of  the  flame  without  a  second  interaction 
immediately  taking  place,  whereby  tbe  former  is  oxidised  by  the 
latter  with  the  production  of  the  carbon  dioxide  and  hydrogen. 
This,  however,  is  a  reversible  change,  and  the  decomposition  is  not 
complete.  There  thus  remain  four  gases,  carbon  monoxide, 
hydrogen,  carbon  dioxide,  and  water,  together  with  the  nitrogen 
which  accompanied  the  oxygen  in  the  air-supply.  The  changes  then 
would  be  as  follows  with  methane  : — 

1.  CH4  +  O2  =  CO  +  H2O  +  H2. 

2.  CO  -f  H2O  ;:^  CO2  +  H2. 

The  conditions  of  equilibrium  for  this  system  of  gases  have  been 

worked  out  by  Dixon  in  his  well-known  memoir  {Phil.  Trans.,  1884, 

618).     It  was,  therefore,  a  matter  of  great  interest  to  us  to  see  to 

what  extent  we  got  a  constant  ratio  of  products,  and  how  our  ratios 

agreed  with  Dixon's  constant.     This,  however,  is  one  of  the  questions 

into  which  we   do  not  feel  at  present  prepared  to  enter.     We  will 

only  remark    that    whilst    Dixon    gives    the    normal    condition    of 

CO    X  H2O 
equilibrium    as    follows     nn    y  xr —  =   ^'^j    we  obtain   from   our 

•most  reliable  analyses  numbers  not  greatly  differing  from  4.  More 
accurate  analysis  of  the  gases,  the  influence  of  differing  diameters  of 
the  tubes,  rates  of  efflux,  and  quantities  of  diluent  gases  are  questions 
on  which  we  are  at  present  engaged,  and  demand  careful  study  before 
we  can  put  forward  any  conclusions  on  the  question  of  equilibrium, 
which  is  perhaps  the  most  interesting  and  important  aspect  of  our 
work. 

With  regard  to  the  relation  of  our  results  to  those  obtained  by 
Blochmann  in  his  experiments  on  the  normal  Bunsen  flame,  it  has 
l)een  already  pointed  out  that  there  is  substantial  agreement  on  the 
main  points.  But,  as  in  our  experiments,  the  gases  were  burning 
with  a  much  greater  supply  qf  air,  the  quantity  of  hydrocarbons 
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ing  the  first  area  of  combustion  was  in  many  cases  practically  nil ; 
whereas  in  Blochmann's  experiments  as  much  as  8" 7  per  cent,  of 
hydrocarbons  was  found  in  the  interconal  space  at  a  height  of  5  cm. 
above  the  burner.  We  hope  eventually  to  repeat  Blochmann's 
experiments,  using  a  definite  hydrocarbon  instead  of  coal-gas. 

It  seems  possible  by  means  of  our  apparatus  to  gain  precise  infor- 
mation as  to  the  mode  in  which  ethylene  and  other  hydrocarbons 
break  up  when  burning  with  luminous  flames.  It  has  already  been 
stated,  that  it  is  possible  to  separate  the  cones  of  the  ethylene-air 
flame  before  they  have  become  non-luminous,  that  is,  while  carbon  is 
being  separated  in  the  flame,  and  it  is  obvious  that  by  an  accurate 
analysis  of  the  gases  under  these  circumstances  it  should  be  possible 
to  determine  whether  the  carbon  is  being  separated  by  the  simple 
decomposition  of  the  ethylene  into  its  elements,  by  its  resolution  into 
carbon  and  methane,  by  the  preferential  combustion  of  the  hydrogen, 
or  by  some  other  decomposition.  That  the  process  is  complex  is 
probable  from  the  fact  that  we  have  found  acetylene  in  the  interconal 
gases.  We  intend  to  try  to  repeat  Landolt's  experiments  (Pogg, 
Annalen,  99,  389)  on  the  composition  of  gases  from  luminous  flames, 
using  ethylene  instead  of  the  complex  coal-gas  which  he  employed, 
but  we  are  not  very  hopeful  of  gaining  much  information  by  this 
method. 

Experiments  ivith  other  Gases. 

We  have  made  a  number  of  experiments  with  flames  from  sub- 
stances other  than  hydrocarbons,  and  by  supplying  the  mixed  gas 
or  vapour  and  air  to  the  separating  apparatus  have  "divided"  the 
flames  produced  from  decomposed  ammonia  (that  is,  Ng  -f  SHj), 
<3yanogen,  hydrogen  sulphide,  and  carbon  bisulphide. 

With  the  mixture  of  hydrogen  and  nitrogen,  obtained  by  passing 
ammonia  through  a  hot  tube,  the  phenomena  is  seen  at  its  simplest, 
for  here,  in  the  first  cone,  the  whole  of  the  oxygen  combines  with 
hydrogen  to  form  steam,  which,  with  the  nitrogen  and  excess  of 
hydrogen,  passes  to  the  top  of  the  outer  tube,  where  this  hydrogen 
burns  with  the  outside  air  in  a  second  flame. 

With  cyanogen*  the  phenomena  are  the  most  beautiful  we  have 
met  with  in  the  course  of  our  experiments.  The  cyanogen,  burning 
without  added  air,  gives  a  flame  with  a  rose-coloured  central  cone, 
and  an  outer  cone  shading  from  dark-blue  to  greenish-grey.  As 
air  is  allowed  to  enter  with  the  cyanogen,  the  margin  of  the  inner 
cone  assumes  a  deep,  cherry-red  tint,  and  it  eventually  descends  to 

*  As  we  bad  not  a  convenient  apparatus  for  storing  cyanogen,  Professor  Dixon 
very  kindly  allowed  us  to  make  the  experiment  in  his  laboratory  at  Manchester. 
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the  inner  tube.  The  outer  cone,  now  of  a  blue-grey  colour,  remains 
on  the  outer  tube.  If  more  air  is  supplied,  the  upper  cone  becomes 
imperfect,  being  gathered  in  at  the  base  and  not  in  contact  with  the 
glass,  whilst  the  inner  cone  grows  greyer.  Eventually  the  upper 
flame  altogether  disappears,  the  lower  one  becoming  bluish- grey.  A 
sample  of  gas  from  the  interconal  space,  withdrawn  when  the  two 
separated  cones  were  perfect,  was  found,  on  analysis,  to  contain 
carbon  monoxide  and  dioxide,  almost  exactly  in  the  proportion  of 
2  vols,  to  1.     No  cyanogen  could  be  detected  by  smell  or  analysis. 

The  combustion  of  cyanogen  in  a  eudiometer  with  quantities  of 
oxygen  insufficient  to  convert  the  carbon  wholly  into  carbon  dioxide, 
was  investigated  by  Bunsen  (Gasometrische  Methode,  2nd  edition, 
p.  340).  In  two  different  experiments,  he  found  the  ratios  of  CO  to 
CO2  1  vol.  to  2  and  2  vols,  to  5. 

In  our  experiments  we  have  been  able  to  use  a  much  smaller  pro- 
portion of  oxygen  than  Bunsen  found  possible,  and  the  results  show, 
as  we  should  expect,  that  the  production  of  CO  is  relatively  much 
greater. 

The  sulphuretted  hydrogen  flame,  when  produced  in  our  apparatus, 
is  easily  divided  into  two  cones.  We  have  not  yet  made  a  quanti- 
tative analysis  of  the  gases  from  the  interconal  space,  but  most  of  the 
sulphur  appears  to  pass  the  first  cone  without  undergoing  combustion. 

The  flame  from  carbon  bisulphide  vapour  can  be  divided  in  the 
same  way  as  is  adopted  for  liquid  hydrocarbons,  but  we  have  not  yet 
made  a  quantitative  study  of  the  process. 

There  is  still  much  to  be  done  with  the  apparatus  described  in  this 
paper.  We  have  already  indicated  some  of  the  points  that  have  to  be 
worked  out,  and  we  conclude  by  briefly  summarising  them. 

1.  The  influence  of  differences  in  the  diameter  of  the  tubes,  and 
rates  of  efflux  of  the  gases  on  the  fractional  combustion. 

2.  The  exact  analysis  of  the  interconal  gases  in  the  case  of  hydro- 
carbons and  of  mixtures  of  CO  and  H2,  in  order  to  ascertain  if,  and  in 

what  way,  the  coefficient  -— — ^  =  4  varies  with  the  composition 

CU2  X  Jd.2 
of  the  gases. 

3.  The  analysis  of  the  interconal  gas  from  an  ethylene  flame  whilst 
carbon  is  being  liberated,  so  as  to  determine  how  the  hydrocarbon 
breaks  up. 

4.  The  further  study  of  the  cyanogen  flame. 

5.  To  determine  the  partition  of  oxygen  in  the  inner  cone  between 
carbon  and  hydrogen,  hydrogen  and  sulphur,  carbon  and  sulphur,  and 
so  obtain  information  of  the  relative  affinities  of  these  elements  for 
oxygen. 
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XVI. — Note  On  the  Structure  of  Luminous  Flames.  -^'i 

By  Arthur  Smithells,  B.Sc,,  The  Yorkshire  College,  Leeds;  ^i 


The  following  at*e  extracts  from  Davy's  book  "  On  the  Safety  Lamp 
for  Goal  Miners,  with  some  Researches  on  Flame  "  (1818),  a  reprint 
of  his  papers  in  the  Philosophical  Transactions  and  elsewhere. 
>  A  (1.)  "Flame  must  be  considered  as  the  combiigtion  of  an  explosive 
mixture  of  inflammable  gas  or  vapour  and  air,  for  it  cannot  be  re- 
garded as  a  mere  combustion  at  the  surface  of  contact  of  the  inflam- 
mable matter,  and  the  fact  is  proved  by  holding  a  taper  or  a  piece  of 
barning  phosphorus  within  a  large  flame  made  by  the  combustion  of 
alcohol,  the  flame  of  the  candle  or  of  the  phosphorus  will  appear- in 
the  centre  of  the  other  flame,  proving  that  thete  is  oxygen  even  in  its 
interior  part.  ■ 

(2.)  "  The  form  of  flame  is  conical,  because  the  greatest  heat  is  in 
the  centre  of  the  explosive  mixture.  In  looking  steadfastly  at  flame, 
the  part  where  combustible  matter  is  volatilised  is  seen,  and  it  appears 
dark,  contrasted  with  the  part  in  which  it  begins  to  burn,  that  is 
where  it  is  so  mixed  with  air  as  to  become  explosive.  The  h^at 
•diminishes  towards  the  top  of  the  flame,  because  in  this  part  the 
quantity  of  oxygen  is  least. 

(3.)  "  The  luminosity  of  flames  is  due  to  *  the  decomposition  of  part 
of  the  gas  towards  the  interior  of  the  flame  where  the  air  is  in  smallest 
quantity  and  the  deposition  of  solid  charcoal,  which,  first  by  its 
ignition  and  then  by  its  combustion,  increases  in  a  high  degree  the 
intensity  of  the  light.* 

(4.)  "  At  the  bottom  part  of  the  flame  where  the  gas  burned  blue 
in  its  immediate  contact  with  the  atmosphere,  charcoal  ceased  to  be 
deposited  in  visible  quantities." 

The  above  extracts  contain  the  essence  of  all  that  Davy  contributed 
to  the  subject  of  luminous  flames  so  far  as  their  structure  is  con- 
cerned. 

The  description  of  an  ordinary  luminous  flame  as  consisting  of  the 
four  parts  now  generally  recognised,  appears  to  have  been  first  given 
by  Berzelius.  In  the  English  edition  (1822)  of  his  work  on  "  The 
Use  of  the  Blowpipe  "  (p.  22),  the  following  description  occurs  : — If 
we  attentively  consider  the  flame  of  a  candle,  we  may  remark  several 
unequal  divisions  of  it,  of  which  four  may  be  distinguished.  We  see 
at  its  base  a  small  part  of  a  dark- blue  colour,  which  becomes  thinner 
as  its  gets  farther  from  the  wick,  and  disappears .  entirely  where  the 
external  surface  of  the  flame  ascends  perpendicularly.  In  the  middle 
YOL.  Lxi.  a 
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of  the  flame  is  a  dark  place  seen  through  its  brilliant  covering.  This 
space  encloses  the  gases  which  issue  from  the  wick,  which,  not  being 
yet  in  contact  with  the  air,  cannot  undergo  combustion.  Round  this 
space  is  the  brilliant  part  of  the  flame,  properly  so  called,  and,  lastly, 
beyond  this  we  may  perceive,  by  attentive  inspection,  the  outer 
covering  of  all,  slightly  luminous,  and  whose  greatest  thickness  corre- 
sponds with  the  summit  of  the  brilliant  flame.  It  is  in  this  outer 
part  that  the  combustion  of  gases  is  completed  and  the  heat  the  most 
intense. 

In  a  striking  paper  by  D.  Waldie  (Phil.  Mag.,  1838,  13,  88),  a 
description  very  like  the  above  is  to  be  found,  but  the  author  recog- 
nises a  fifth  area,  namely,  an  area  of  unburned  carbon.  This  seems  to 
have  been  nothing  more  than  the  lurid  and  smoky  tip  of  flame,  which, 
in  the  days  of  tallow  candles  and  straight  wicks,  was,  perhaps,  worthy 
of  distinction. 

In  1847,  Yolger  published  (Fogg.  Ann.,  1847,  72—82)  a  highly 
speculative  account  of  a  candle  flame,  in  which  he  distinguishes  no 
less  than  six  parts.  It  is,  perhaps,  unnecessary  to  discuss  these 
views ;  they  were  never  generally  accepted,  and  rest  upon  assump- 
tions which  in  many  cases  are  obviously  untenable. 

I  am  not  aware  that  anyone,  since  the  last-named  date,  has  deliber- 
ately put  forward  new  views  on  the  actual  structure  of  flame,  and  it 
may  be  taken  as  a  matter  of  general  belief  that  there  really  are  four 
regions  in  what  is  ordinarily  called  a  luminous  flame.  For  con- 
venience we  will  name  them  according  to  their  appearance,  the  dark 
region,  the  yellow  region,  the  blue  region,  the  faintly  luminous  region. 
These  are  shown  in  Fig  1. 


Fig.  1. — Sketches  lo  scale  of  candle  flame  and  small  gas  flame:  a,  dark  region; 
5,  yellow  region  ;  c,  blue  region  ;  d,  faintly-luminous  region. 
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Whilst  there  has  been  general  agreement  as  to  the  number  of 
distinct  parts  in  a  luminous  flame,  there  has  been  from  time  to  time 
considerable  difference  of  opinion  as  to  the  causes,  whether  chemical 
or  otherwise,  which  give  rise  to  or  define  them,  and  I  will  now  give  a 
brief  summary  of  the  views  which  have  been  held  regarding  each  of 
the  four  parts  of  the  flame. 

TJie  Dark  Region  or  Zone  of  Unhurned  Oases, 

All  observers  agree  in  regarding  this  as  due  to  combustible  gas  in 
which  no  combustion  is  taking  place.  The  fact  that  no  combustion 
takes  place  in  this  part  of  a  flame,  or,  in  other  words,  that  flames  are 
hollow,  was  noticed  by  Francis  Bacon.* 

Hilgard,  in  1854  (Liebig's  Annalen,  92, 129),  showed  that  in  a  candle 
flame  this  region  also  contained  nitrogen  and  products  of  combustion. 
He  found  in  the  lower  parts  Q6  per  cent,  of  nitrogen,  10  per  cent,  of 
carbon  dioxide,  5  per  cent,  of  carbon  monoxide,  6  per  cent,  of  water, 
and  no  free  oxygen.     The  rest  was  combustible  gas. 

Landolt  {Pogg.  Ann.,  99,  389)  obtained  similar  results  with  a 
coal-gas  flame,  but  found  also  a  very  small  quantity  of  free  oxygen 
in  the  lowest  parts. 

The  Yellow  Region. 

Davy's  explanation  of  the  luminosity  of  ordinary  flames  has  already 
been  quoted  (the  exact  wording  should  be  carefully  noticed),  and  this 
explanation,  together  with  the  general  doctrine  that  the  luminosity  of 
flames  is  due  to  incandescent,  solid  particles,  was  not  questioned  until 
1868,  when  Frankland  showed  (Proc.  Roy.  Soc,  16,  419)  that  flames 
containing  only  gaseous  matter,  for  example,  that  of  hydrogen  in 
oxygen,  could  be  made  luminous  by  compression.  Frankland  also 
concluded  that  the  luminosity  of  ordinary  flames  was  due  not  to  solid 
particles  of  carbon  but  to  the  incandescent  vapour  of  dense  hydro- 
carbons. This  latter  view  was  combated  by  several  chemists,  amongst 
whom  Heumann  is  chiefly  to  be  mentioned.  In  1876,  Heumann 
brought  forward  (Liehig's  Annalen,  181,  129     182,  1 ;  or  Phil.  Mag. 

*  "  Take  an  arrow  and  hold  it  in  flame  for  the  space  of  ten  pulses,  and  when  it 
Cometh  forth  you  shall  find  those  parts  of  the  arrow  which  were  on  the  outsides  of 
the  flame  more  burned  blacked  and  turned  almost  into  a  coale ;  whereas  that  in  the 
midst  of  the  flame  will  be  as  if  the  fire  had  scarce  touched  it.  This  is  an  instance 
of  great  consequence  for  the  discovery  of  the  nature  of  flame,  and  sheweth  mani- 
festly that  flame  burneth  more  violently  towards  the  sides  than  in  the  midst ; 
and  which  is  more,  that  heat  or  fire  is  not  violent  or  furious  but  where  it  is  checked 
and  pent." — Sylva  Sylvarum  or  a  Naturall  Sistory  in  Ten  Centuries,  By 
Francis  Bacon.     6th  Ed.  (1615),  p.  9. 

R  2 


220       SMITHELLS  :   THE   STRUCTURE  OF  LUMINOUS  FLAMES. 

[5],  3  (1877),  1,  89,  366)  a  number  of  experiments  and  arguments 
in  confirmation  of  Davy's  view  that  the  separation  of  solid  carbon  is 
the  cause  of  the  luminosity  of  ordinary  flames.  I  am  not  aware  that 
Heumann's  conclusions  on  this  point  have  ever  been  contested ;  they 
4iave,  indeed,-been  confirmed  by  independent  methods  of  experiment 
(see  Soret,  Fhil.  Mag.,  1875,  50 ;  Burch,  Nature,  31,  272-,  Stokes,-  ibid., 
45,  183). 

The  ca«*5Q  of  the  separation  of  carbon  is  another  question.  Accord- 
ing to  Davy  it  is  due  to  the  decpmjposition  of  the  hydrocarbons  within 
the  flame,  and  though  he  adds  the  words  "  where  the  air  is  in  smallest 
quantity,"  it  is  not  explicitly  stated  that  the  decomposition  is  due  to 
anything  but  the  heat  alone.  No  mention  of  any  other  cause  is  made  by 
Berzelius,,  Waldie,  Hilgard,  Landolt,  or  any  other  author  that  I  have 
been  able  to  consult,  so  far  as  original  memoirs  are  concerned.  But 
prior  to  1860  a  view  had  become  current  that  the  separation  of  carbon 
in  a  luminous  flame  was  due  to  the  preferential  burning  of  the 
hydrogen.  There  not  being  enough  oxygen  in  the  luminous  region 
of  a  flame  for  the  complete  combustion  of  the  hydrocarbons,  it  was 
inferred  that  the  hydrogen,  being  the  more  inflammable  element, 
burned  first  and  so  liberated  the  carbon.  I  have  so  far  been  unable  to 
trace  this  doctrine  to  its  source.  It  may  have  been  an  inference  from 
Davy's  words,  but  can  scarcely  be  justified  by  them.  He  says  nothing 
whatever  as  to  what  happens  to  the  hydrogen  when  carbon  is  sepa- 
rated in  a. flume.  Not  only  was  this  view  generally  maintained  at 
the  time  alluded  to,  it  survives  at  the  present  day  and,  as  I  can  vouch 
from  personal  enquiries,  it  is  still  widely  taught. 

The  doctrine  in  question  was  challenged  in  1861  by  Kersten 
(/.  pr.  Ghem.  84,  290),  who  pointed  out  that  there  was  no  a  priori 
reason  for  believing  hydrogen  to  be  more  combustible  than  carbon. 
He  points  out  that  whilst  previous  admixture  with  chlorine  increases 
the  luminosity  of  a  methane  flame  by  virtue  of  the  superior  affinity 
of  chlorine  for  hydrogen,  previous  admixture  with  oxygen  has 
the  reverse  effect.  Again,  a  mixture  of  1  volume  of  methane  and 
M  of  carbon  monoxide  burns  with  a  non-luminous  flame,  although  it 
contains  only  enough  oxygen  for  complete  combustion  of  the  hydro- 
gen : — CH4  -f-  2C0  =  2H2O  +  3C ;  or  again,  the  amount  of  oxygen 
necessary  to  produce  a  non-luminous  coal-gas  flame  in  a  Buhsen 
burner  is  only  one-third  of  the  quantity  necessary  for  complete  com- 
bustion. Kersten  remarks,  as  it  appears  to  me,  ve.y  justly,  that  the 
experiments  of  Hilgard  and  Landolt,  in  which  gases  were  aspirated 
from  luminous  flames  and  then  analysed,  do  not  give  any  definite 
information  as  to  the  main  chemical  changes  occurring  in  luminous 
flames.  By  the  methods  used  by  these  investigators  it  is  impossible 
to  explore  the  luminous  part  of  the  flame,  owing  to  the  stopping  iip 
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of  the  aspirating  tube  by  carbon ;  nor  can  any  precise  information  be 
gained  as  to  the  changes  taking  place  in  the  external  layer  of  the 
flame,  owing  to  its  movement  and  the  infiltration  of  gases  from  within 
and  without  this  layer.  Kersten  was  accordingly  led  to  make  experi- 
ments on  the  explosion  of  hydrocarbons  with  quantities  of  oxygen 
insufficient  for  complete  combustion,  and  (as  mentioned  in  the  pre- 
ceding paper)  he  obtained  results  directly  opposed  to  the  view  that 
the  hydrogen  burns  preferentially  to  the  carbon.  He  concluded, 
therefore,  that  the  separation  of  carbon  in  a  flame  was  due  simply  to 
the  decomposition  of  the  hydrocarbons  by  heat. 

I  have  not  met  with  any  explicit  contradiction  of  Kersten's  views, 
but  they  seem  to  have  been  neglected  to  a  remarkable  extent  by  sub- 
sequent writers. 

The  glow  of  the  carbon  in  the  yellow  region  is  due  to  the  heat  of  its 
own  combustion,  and  is  increased  probably  by  the  concomitant  combus- 
tion of  hydrogen.  The  view  occasionally  met  with,  that  the  carbon  is 
glowing  only  by  the  heat  of  the  burning  hydrogen,  is  manifestly 
erroneous.  The  carbon  is  in  the  solid  state,  and  must  either  undergo 
the  usual  glowing  combustion,  or  else  escape  from  the  flame  unburned. 
As  it  does  not  do  the  latter  to  any  appreciable  extent,  it  must  burn, 
and  the  cessation  of  its  combustion  as  a  solid  marks  the  limit  of  the 
yellow  or  luminous  region  of  the  flame. 

The  Blue  Region. 

The  blue  region  has  been  unanimously  regarded  as  a  part  of  the 
flame  where  the  hydrocarbons  are  mixed  with  sufficient  air  to  cause 
immediate  combustion  without  the  separation  of  carbon. 

The  Faintly  Luminous  Region  or  Mantle. 

This  part  of  the  flame  was  not  referred  to  by  Davy  as  distinct  from 
the  blue  region.  Berzelius  describes  it,  and  states  that  "  it  is  in  this 
outer  part  that  the  combustion  of  the  gases  is  completed  and  the  heat 
the  most  intense."  Waldie  states  that  it  consists  of  "  the  proper 
combustible  mixture,"  and  is  the  hottest  part  of  the  flame,  and  that 
to  its  heat  is  to  be  attributed  the  separation  of  the  carbon  within  the 
flame. 

Ko  intelligible  distinction  appears  to  have  been  made  between  this 
region  and  the  blue  one  until  1861,  when  Kersten  published  the  paper 
already  referred  to,  and  even  his  description  is  not  easy  to  grasp. 
He  appears  to  have  regarded  the  faintly  luminous  region  as  the  place 
in  which  hydrogen  and  carbon  monoxide  coming  from  the  yellow 
region  undergo  combustion,  ignoring  the  fact  that  it  surrounds  not 
only  the  yellow  region,  but  the  blue  one  as  well. 
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I  have  only  met  with  one  other  attempt  to  explain  this  part  of  a 
luminous  flame  as  distinct  from  the  blue  portion,  and  have  not  been 
able  to  trace  it  beyond  the  text-books.  It  ascribes  this  faintly 
luminous  region  to  products  of  combustion  (carbon  dioxide  and  water) 
mixed  with  air  and  raised  to  feeble  incandescence,  that  is,  it  is  not  a 
region  of  chemical  action  at  all.  If  for  no  other  reason,  this  explana- 
tion could  scarcely  be  maintained  in  face  of  the  observations  made  by 
Siemens  (Ann.  Phys.  Chem.,  18,  311),  that  sach  products  of  com- 
bustion have  not  perceptible  luminosity  at  1500°. 

Having  thus  summarised  the  views  hitherto  held  regarding  the 
parts  of  a  luminous  flame,  I  will  now  submit  the  matter  to  a  brief 
discussion  from  a  different  point  of  view. 

The  best  way  to  study  flame  structure  seems  to  me  to  consist  in 
tracing  the  development  of  the  flame.  By  using  a  very  small  quan- 
tity of  combustible,  that  is  to  say,  in  the  case  of  gases,  by  almost 
turning  off  the  tap,  and,  in  the  case  of  solids  and  liquids,  by  having 
a  very  close  cropped  wick,  we  obtain  a  tiny  flame  which  is  ordinarily 
called  non-luminous.  It  has  the  appearance  represented  in  Plate  II,  a, 
and  consists  of  a  hollow,  bright-blue  cone,  surrounded  by  a  lilac- 
coloured  border.  If  more  gas  be  turned  on,  or  if  the  wick  becomes 
longer,  a  luminous  spot  is  developed  in  the  flame,  as  shown  in 
Plate  II,  h.  This  spot  is  at  first  a  small  fraction  of  the  whole  flame, 
but  as  the  supply  of  combustible  is  increased  it  rapidly  extends,  as 
shown  in  Plate  II,  c  and  d,  the  original  inner  cone  becomes  a 
"  vestige,"  and  forms,  in  fact,  the  blue  region.  Still  the  original 
formation  is  evident,  the  luminous  spot  being  indented  at  points 
corresponding  to  it. 

The  question  now  arises,  is  the  non-luminous  flame  a  a  single  or  a 
double  cone,  and,  in  any  case,  what  chemical  changes  are  taking  place 
in  it? 

I  think  an  answer  to  this  question  may  be  obtained  by  carefully 
watching  the  change  undergone  by  a  luminous  flame  when  air  is 
gradually  added  to  the  gas  prior  to  combustion.  For  this  purpose  a 
small  flame  from  a  Bunsen  burner,  with  the  air-holes  at  first  closed, 
may  be  employed.  If  attention  be  fixed  on  the  blue  and  on  the  faintly 
luminous  regions  of  the  flame,  and  the  air-holes  be  now  slowly  opened, 
the  flame  loses  luminosity,  and  the  two  regions  grow  more  distinct, 
and  ultimately  become,  without  any  perceptible  break  of  continuity  in 
the  process,  the  inner  and  outer  cones  of  the  ordinary  Bunsen  flame. 

These  changes  are  shown  in  Plate  II,  taken  from  photographs ; 
a,  h,  c,  and  d  show  the  gradual  development  of  a  luminous  flame  as 
the  gas  is  turned  on.  The  blue  region  of  the  flame  appears  white, 
but  it  is  easily  distinguishable  from  the  yellow  region  which  also 
appears  white.     The  lilac  or  faintly  luminous  region  is  barely  visible 
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in  the  pictures,  as  it  has  very  low  photographic  power,  c',  h\  a' 
represent  the  flame  d  with  gradually  increasing  quantities  of  air 
admitted  through  the  air  valves,  the  gas  supply  being  kept  constant. 
The  structure  of  c  and  c',  b  and  6',  a  and  a  obviously  corresponds.  In 
a'  the  outer  cone  has  just  impressed  an  image  on  the  photographic 
plate.* 

If  the  conclusion  be  admitted  that  the  blue  and  the  faintly 
luminous  regions  of  an  ordinary  flame  correspond  to  the  inner  and 
outer  cones  of  a  Bunsen  flame,  then,  in  accordance  with  the  results 
detailed  in  the  preceding  paper,  we  must  consider  the  blue  region 
to  mark  incomplete  combustion  (CO,  H2,  CO2,  and  H2O  being  the 
chief  substances  there  originating),  and  the  faintly  luminous  part  to 
mark  completed  combustion  (the  CO  and  Hj  above  named  being  burnt 
to  CO2  and  H2O). 

In  other  words,  I  conclude  that  there  is  no  essential  difference  in 
kind  between  an  ordinary  luminous  flame  and  a  so-called  "  non- 
luminous  "  flame.  The  latter  may  be  regarded  as  a  gas-air  flame 
with  the  blue  and  the  non-luminous  regions  at  a  maximum,  and  the 
yellow,  luminous  region  at  a  minimum,  whilst  the  luminous  flame  is 
to  be  regarded  as  a  gas-air  flame  with  the  blue  and  the  non-luminous 
parts  at  a  minimum  and  the  yellow  luminous  region  at  a  maximum. 

As  it  has  been  repeatedly  shown  that  the  dark,  central  part  of  a 
luminous  flame  is  a  region  of  no  combustion,  there  only  remains  now 
one  question  for  solution — how  is  the  carbon  separated  in  the  yellow, 
luminous  region  ?  It  would  seem  scarcely  necessary  after  a  perusal 
of  Kersten's  paper  {loc.  cit.)  to  argue  this  point  at  any  length.  The 
doctrine  that  the  hydrogen  of  a  hydrocarbon  burns  before  the  carbon 
when  the  supply  of  oxygen  is  limited  is  not  borne  out  by  any  experi- 
ments of  which  I  am  aware,  with  the  possible  exception  of  those  of 
Berthelot  and  Yieille  (Gompt.  rend.,  98,  705 — 711  ;  this  Journal, 
Abstr.,  1884,  804).  From  the  fact  that  the  velocity  of  explosion  of 
hydrocarbons  rich  in  hydrogen  approximates  to  that  of  hydrogen 
itself,  they  conclude  that  the  hydrogen  burns  before  the  carbon.  The 
experiments  of  Dal  ton,  Kersten,  E.  von  Meyer,  and  those  recorded  in 
the  preceding  paper,  all  point  to  exactly  the  opposite  conclusion, 
namely,  that  the  carbon  burns  preferentially  to  the  hydrogen.  If  this 
conclusion  is  accepted,  we  can  only  explain  the  separation  of  carbon 
in  a  luminous  flame  as  due  to  a  decomposition  by  heat,  whereby  a  given 
hydrocarbon  is  split  up  into  carbon  and  hydrogen  or  carbon  and  some 
more  richly  hydrogenised  hydrocarbons.  Hydrocarbons  are  well 
known  to  undergo  such  decompositions  when  passed  through  hot 
tabes. 

*  I  am  largely  indebted  to  the  skill  and  patience  of  Mr.  Herbert  Ingle  for  these 
photographs,  as  well  aa.for  those  used  in  the  preceding  paper. 
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A /very  simple  experiment,  which  seems  sufficient  to  prove  the.! 
truth  of  this  view,  is  made  by  introducing  a  circular  loop  of  thin  : 
wire  into  any  small  gas  flame  in  which  the  luminous  part  is  only  : 
slightly  developed.  The  immediate  result  is  that  the  luminous  part  ' 
disappears  and  the  flame  presents  the  simple  structure  of  a  non- 
luminous  flame,  at  the  same  time  becoming  slightly  larger.  This 
change  is  represented  in  Fig.  2. 


!FiG.  2. — «,  the  dark  region  ;  h,  the  yellow  region  ;  c,  the  blue  region;  d,  the 
faintly  luminous  region. 

Now  if  the  flame  is  luminous  because,  the  hydrocarbons  in  the 
middle  being  short  of  oxygen,  the  hydrogen  burns  first,  the  intrusion 
of  the  wire  will  block  out  and  still  further  limit  the  supply  of  oxygen, 
and  so  either  increase  the  area  of  luminosity  or  cause  the  escape  of 
unburn ed  carbon. 

If,  on  the  other  hand,  the  luminosity  is  due  to  the  heat  of  the 
external  perfectly  burned  layers  decomposing  the  hydrocarbons,  then 
the  intrusion  of  the  wire  by  tapping  the  heat  should  diminish  the 
luminosity,  and  the  hydrocarbons  which  previously  gave  light  should 
pass  on  until  they  obtain  enough  oxygen  to  burn  as  those  hydrocar- 
bons on  the  exterior  of  the  flame.  The  flame,  therefore,  would 
become  larger  and  non-luminous.  This  is  exactly  what  happens  in 
the  experiment. 

The  above  experiment  only  holds  good  if  the  wire  conducts  heat 
away  at  a  certain  rate.  If  the  flame  be  relatively  large,  the  intro- 
duction of  the  wire  may  produce  an  opposite  effect,  for,  whilst  check- 
ing the  separation  of  carbon  (to  an  appreciable  extent),  it  will  also 
cool  down  the  carbon  which  is  separated,  and  so  cause  some  of  it  to 
escape  unburned  as  smoke. 

A  problem  remaining  to  be  studied  concerns  the  exact  course  of 
the  decomposition  of.  the  hydrocarbon  in  the  flame,  and  the  only 
method  available  seems  to  be  the  one  alluded  to  in  the  preceding  paper. 
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By  taking  an  ethylene-air  flame,  and  separating  the  cones  before  the 
luminosity  has  entirely  disappeared,  an  examination  of  the  interconal 
gases  under  these  conditions  will  disclose  what  is  being  produced  ; 
along  with  the  separated  carbon,  and  in  this  way  I  hope  to  trace  the^ 
coarse  of  the  decomposition.  As  the  matter  rests  at  present,  the 
development  of  a  luminous  hydrocarbon  flame  may  be  described  as 
follows: —  .  . 

The  hydrocarbon  issues  from  the  burner  or  wick,  let  us  suppose,  as 
a  cylindrical  column.  This  column  is  not  sharply  marked  olf  from 
the  air,  bat  is  so  penetrated  by  the  latter  that  we  mast  suppose  a 
gradual  transition  from  the  pure  hydrocarbon  in  the  centre  of  the 
column  to  the  pure  air  on  the  outside.  Let  us  take  a  thin,  trans- 
verse slice  of  the  flame,  near  the  lower  part  of  the  wick  or  close  to 
the  burner.  At  what  lateral  distance  from  the  centre  will  com- 
bustion begin  ?  Clearly  where  enough  oxygen  has  penetrated  the 
column  to  give  such  partial  combustion  as  takes  place  in  the  inner 
cone  of  a  Bunsen  burner.  This,  then,  defines  the  blue  region. 
Outside  this,  the  combustion  of  the  carbon  monoxide,  hydrogen, 
and  any  hydrocarbons  which  pass  from  the  blue  region  takes  place, 
and  constitutes  the  faintly  luminous  region.  These  two  layers  form 
a  sheath  of  active  combustion,  sun?ounding  and  intensely  heating 
the  hydrocarbons  in  the  central  parts  of  the  column.  These  heated 
hydrocarbons  rise,  and  are  heated  to  a  higher  temperature  as  they 
ascend.  They  are  accordingly  decomposed  with  the  separation  of 
carbon  in  the  higher  parts  of  the  flame,  giving  us  the  yellow  region, 
but  there  remains  a  central  core  in  which  neither  is  there  any 
oxygen  for  combustion  nor  a  sufficiently  high  temperature  for 
decomposition.  This  constitutes  the  dark  region  of  unburned  gases. 
A  flame  is,  however,  not  cylindrical,  but  has  a  conical  or  (in  the 
case  of  a  candle)  an  inverted  peg-top  shape.  Again,  the  blue  region 
only  surrounds  the  lower  part  of  the  flame,  whilst  the  faintly 
luminous  part  surrounds  the  whole.  The  above  explanation  is, 
therefore,  not  quite  complete.  Let  us  suppose  that  the  changes 
have  gone  on  in  the  small  section  of  the  flame  exactly  as  described, 
and  consider  how  the  processes  will  differ  in  parts  above  this 
section.  The  central  core  of  unburned  gases  will  pass  upwards, 
and  we  may  treat  it  as  a  new  cylindrical  column  which  will 
undergo  changes  just  as  the  original  one,  leaving,  however,  a  smaller 
core  of  unburn e'd  gases,  or,  in  other  words,  each  succeeding  section 
of  the  flame  will  be  of  smaller  diameter.  This  gives  us  the  conical 
structure  of  the  flame.  Again,  the  higher  we  go  in  the  flame,  the 
greater  proportionally  is  the  amount  of  separated  carbon,  for  we 
have  not  only  the  heat  of  laterally  outlying  combustion  to  effect 
decomposition,  but  also  that  of  the  lower  parts  of  the  flame.     The 
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lower  part  of  a  luminous  flame  is  accordingly  cooler,  and  con- 
tains less  separated  carbon  than  the  npper.  Now,  where  the  hydro- 
carbons are  cool  until  admixed  with  sufficient  air  for  combustion 
(that  is,  in  the  lower  parts  of  the  flame),  we  have  every  facility 
for  the  occurrence  of  the  chemical  changes  to  which  the  exist- 
ence of  the  blue  region  has  been  ascribed,  and  the  blue  region 
is  here  most  evident ;  whereas  in  the  upper  parts  of  the  flame, 
where  the  quantity  of  hydrocarbon  decomposed  (with  separation  of 
carbon)  by  heat  is  relatively  much  greater,  there  is  not  enough  left 
to  form  outside  the  yellow  part  the  mixture  to  which  the  blue  region 
of  flame  is  due.  The  blue  region,  therefore,  rapidly  thins  off  as  we 
ascend  the  flame.  But  whether  the  first  combustion  taking  place 
within  the  flame  is  that  of  the  undecomposed  hydrocarbon  with  limited 
oxygen,  or  of  the  decomposed  hydrocarbon  with  limited  oxygen,  we 
may  be  sure  that  the  products  will  contain  carbon  monoxide,  and 
probably  hydrogen,  and  we  shall  therefore  have  all  round  the  flame  a 
faintly  luminous  region  of  completed  combustion.  In  this  way,  then, 
we  may  reasonably  account  for  the  existence,  position,  and  relative 
sizes  of  the  four  regions  of  an  ordinary  luminous  flame. 


XVII. — The  Gomposition  of  CooTced  Vegetables. 

By  Miss  Katharine  J.  Williams,  Associate  of  University  College, 

Bristol. 

The  investigations  described  in  the  following  pages  were  undertaken 
at  the  suggestion  of  Dr.  Ramsay,  in  order  to  obtain  information  as  to 
the  composition  of  foods  as  served  at  table  ;  for,  as  previous  work  on 
this  subject  deals  mainly  with  analysis  of  raw  vegetables,  little  is 
known  as  to  the  changes  produced  during  the  processes  of  cooking. 
The  vegetables  used  were  bought  when  in  full  season,  except  the 
scarlet  runners  and  salsify,  which  were  kindly  supplied  by  friends. 
The  potatoes,  vegetable  marrows,  and  tomatoes  were  cooked  and  dried 
in  September,  1886,  the  broad  beans,  green  peas,  and  spinach  in  July, 
1887. 

General  Preparation  of  the  Samples  used. 

The  chief  consideration  was  to  obtain  a  sample  of  each  vegetable 
just  as  it  would  be  served  on  table ;  the  scarlet  runners  were  cut  into 
long  slips;  the  pods  of  the  broad  beans  and  green  peas  were  re- 
moved before  cooking  ;  such  vegetables  as  cabbage,  vegetable  marrow, 
and  parsnips  were  prepared  in  the  usual  manner  for  boiling,  but  no 
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soda  was  added  to  the  water  in  which  they  were  cooked.  The  water 
in  which  they  were  boiled  was  undistilled,  as  supplied  by  the  Bristol 
Water  Company,  and  shows  about  26  degrees  of  hardness,  chiefly 
due  to  calcium  carbonate. 

To  give  minute  details  as  to  the  uncooked  vegetables,  the  tomatoes 
and  cucumbers  used  were  peeled  before  drying ;  the  skin  of  the 
mushrooms  was  carefully  removed ;  the  radishes  were  washed,  all 
green  parts  removed,  and  the  roots  scraped  ;  and  the  celery  was 
washed  and  the  green  tops  cut  off ;  the  lettuce  was  carefully  washed. 

Determination  of  Water. 

Every  sample  of  the  vegetables,  whether  cooked  or  raw,  was  cut 
into  small  pieces  or  mashed  up,  and  the  surface  water  removed 
before  the  process  of  drying  was  commenced.  When  cool,  a  small 
portion  of  each  vegetable  was  weighed,  and  placed,  with  the  evapo- 
rating dish  it  was  on,  inside  a  steam-bath,  the  temperature  of  which 
was  kept  at  about  100° ;  after  12  or  more  hours  had  elapsed,  it 
was  allowed  to  cool  in  a  desiccator,  weighed  again,  reduced  to  powder 
in  a  coffee-mill,  the  residue  weighed  again,  then  dried  in  an  air-bath 
at  a  temperature  not  exceeding  130°  until  the  weight  remained  con- 
stant, and  from  these  results  the  percentage  of  water  was  calcu- 
lated. 

The  table  below  shows  the  percentage  of  water  found,  and,  for 
the  sake  of  comparison,  results  obtained  by  others  with  vegetables 
in  the  uncooked  condition  are  given ;  those  for  cauliflower  and 
radish  are  taken  from  Die  Menslichen  Nahrung  und  Genussmittely 
Dr.  J.  Konig  ;  those  for  green  peas  from  Wurtz's  Dictionary;  and 
the  rest  from  Professor  Church's  work  on  Foods. 

Table  T. 


Potato  (boiled  in  skin). 
Potato  (boiled  without 

skin) 

Tomato 

Scarlet  runners,  • 

Cabbage  

Cucumbers ■, 

Mushrooms 

Beet-root 

Radish 

Lettuce 

Celery 

Salsify 


Cooked.    Raw. 


73-80 

76-27 
94-07 
91-12 
97-45 
97-48 
97-97 
94-81 
94-93 
97-21 
97-05 
87-29 


75-0 


Carrots 

Cauliflower 

Vegetable  marrow  . . 

Spanish  onions 

Parsnips 

Jerusalem  artichokes 

Haricot  beans 

Sea-kale   

Turnips 

Spinach 

G-reen  peas 

Broad  beans ■. 


Cooked. 


93-45 
96-46 
99-17 
98-69 
97-28 
91-69 
73-62 
97-95 
97-25 
98-07 
86  -91 
86-59 


Raw. 


89-0 

90-89 

94-8 

82  0 
80-0 
14  0 
93-3 
92-8 
90  0 
9-7 


2?8 
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As  a  general  rule,  the  amount  of  water  in  the" cpoked:  vegetables 
exceeds  that  in  the  raw  condition,  except  in  the  case  of  potatoes, 
which  are  but  little  altered  by  boiling.  The  starch  here  probably 
forms  a  protecting  skin,  which  prevents  gain  or  loss  of  water.  The 
analyses  given  of  nncooked  beans  and  peas  obviously  refer  to  dry 
parched  samples,  and  not  to  the  fresh  vegetables. 

Ultimate  Analysis. 

Carbon  and  Hydrogen. 

The  carbon  and  hydrogen  were  estimated  by  the  usual  method  of 
combustion  with  copper  oxide,  using  a  current  of  dried  oxygen; 
the  resulting  water  was  collected  in  a  chloride  of  calcium  tube, 
and  the  carbon  dioxide  in  potash  bulbs.  A  few  ultimate  analy- 
ses of  sugar  were  made-  to  secure  the  proper  working  of  the  appa- 
ratus. At  least  three  determinations  were  made  with  each  vegetable 
in  the  dried  and  finely-powdered  condition.  A  few  details  will  give 
some  idea  as  to  the  concordance  of  individual  results  with  each  other. 


Carrots. 

Scarlet  runners. 

Celery. 

Hydrogen. 

Carbon. 

Hydrogen. 

Carbon. 

Hydrogen. 

Carbon. 

5-70 
5-98 
6-10 

4^-86 
41-24 
41  25 

6-32 
6  51 
6-35 

43-86 
43-54 
43-55 

5-71 
5-75 
5-94 

41-01 
41-48 
41-32 

Mean.  .5-93 

41-11 

6-39 

43-65 

5-80 

41-27 

Table  II. — Percentage  of  Hydrogen  and  Carbon. 

Hydrogen. 

Carbon. 

Hydrogen. 

Carbon. 

Potato  (boiled  in  skin) 
Potato  (boiled  without 

skin) 

Tomato , 

5-75 

5-39 
5-65 

40-07 

35-50 
47-74 
43-65 
43-72 
48-69 
44-01 
42-42 
36-39 
40-62 
41-27 
42-52 

rinrTnf.H      ........ 

5-93 
5-67 
6-40 

5-87 
6-03 

6-25 
6-10 
5-50 
6-77 
5-18 
6-97 
6-70 

41-11 

Vegetable  marrow 
Cauliflower  ....•• 
Spanish  onions  . . . 

Parsnips 

Jerusalem       arti- 
chokes  

Haricot  beans.. .. 
Sea-kale 

44-52 
40-97 
47-61 

Scarlet  runners  ...  . . 
Cabbage  

6-39 
6-26 
5-30 
6-17 
5-98 
4-58 

5-71 

5-80 
6-14 

45-38 

42-17 

44-64 

Mushrooms 

Radish 

44-61 
41-71 

31-10 

Celery    

Green  peas  ...... 

Broad  beans  ..... 

39-31 

Salsify 

41-29 
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It  is  to  be  I'emarked  that  tlie  carbon  and  hydrogen  do  not  vary 
within  very  wide  limits ;  the  exceptionally  high  percentage  of  carbon 
in  cucumber  may  be  noticed,  as  also  the  low  percentages  in  potatoes 
boiled  without  the  skin,  and  in  spinach. 

Total  Nitrogen. 

Dumas'  method  was  lised  in  the  estimation  of  nitrogen.  The  sub- 
stance was  burnt  in  a  tube  containing  copper  oxide  and  copper  gau^e, 
the  tube  b^ing  first  cleared  of  air  by  a  current  of  carbon  dioxide 
evolved  from  potassium  hydrogen  carbonate.  The  volume  of  nitrogen 
was  duly  corrected  ,  for  temperature  and  pressure.  In  the  first  few, 
and  in  doubtful  cases,- two  estimations  were  made.  One  example  of  the 
results  will  show  the  concordance  obtained.  ' 


Haricot  beans 


I. 

6-33 


II. 
6-51 


Meari. 
6'42  per  cent, 


Table  III, — Percentage  of  Nitrogen. 


Potato  (in  skin)  ■  i ; ; 
Potato         (without 

skin)     

Tomato    

Scarlet  runners  . .  . . 

Cabbage  .......... 

Cucumber' ... . . .  . . 

Beet-root 

Mushrooms.. ...... 


^•04 

2-40 

3-45 

3-38 

4-24 

5-80 

1-82 

8-93 

Eadish 

Lettuce 

Celery 

Salsify 

Carrots. . . . . .  . . . . 

Vegetable  marrow 

Cauliflower 

Spanish  onions . . . 
Parsnips 


4*84 

3-87 

2-67 

2-23 

2^7 

3-32 

4  -45 

1-66 

1-96 

arti- 


Jerusalem 

chokes    

Haricot  beans . . 

Sea-kale    

Turnips 

Spinach 

Green  peas . . . . 
Broad  beans  . . . 


4-20 
6-42 
6-60 
1-99 
6-67 
5''26 
5-28 


The  nitrogen  is  seen  to  be  very  variable,  its  percentage  ranging 
from  166  in  onions  to  8"93  in  mushrooms. 


Determination  of  Ash. 

The  first  determinations  of  the  ash  were  made  by  burning  a 
weighed  portion  of  the  substance  in  a  platinum  boat  placed  inside 
a  glass  tube  through  which  a  current  of  oxygen  was  passing;  it  was, 
however,  found  that  hy  careful  manipulation  satisfactory  results 
could  be  obtained  by  weighing  the  residue  left  after  the  estimation  of 
the  carbon  and  hydrogen.  At  least  two  determinations  were  made 
with  each  vegetable.     Examples  of  the  results  are  given  below. 


Cucumber,  Method  I. 

Celery,  Method  II 

Per  cent. 

Per  cent. 

I. 

10-60 

I. 

....     18-88 

[I. 

10-81 

p. 

18-86 



III. 

....      19-08 

Mean.  ....      10-70 


Mean 18-94, 
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The  table  given  below  shows  the  percentage  of  ash  found  in  each 
case,  and  also  the  work  of  other  analysts  collected  from  the  same 
sources  as  the  results  given  in  Table  I  (p.  227) .  The  figures  given  refer 
in  each  case  to  percentages  in  the  dry  substance  of  the  vegetables 
analysed. 


Table  IV. — Percentage  of  Ash. 


Celery 

Radish 

Lettuce 

Tomato 

Turnip 

Spinaeli  

Cucumber 

Mushrooms 

Sea-kale 

Carrots 

Jerusalem  artichokes 
Cauliflower 


Cooked.    Raw 


18-94 

17-82 

16-99 

12-88 

11-75 

11-31 

10-70 

10-42 

10-10 

7-55 

7-45 

7-55 


Beet-root 

Cabbage   . . , 

Vegetable  marrow .... 

Onions 

Potato  (in  skin) 

Scarlet  runners 

Parsnips 

Broad  beans 

Potato  (without  skin)  . 

Salsify 

Haricot  beans 

Grreen  peas 


Cooked. 


7-54 
7-20 
6-28 
5-59 
4-85 
4-38 
4-38 
3-53 
2-95 
2-92 
2-66 
2-57 


Raw. 


5-05 
10-9 
9-61 
6-6 

4-0 
7-8 
5-05 


3-37 
2-76 


Estimation  of  Sulphur, 

To  ascertain  if  the  sulphur  present  was  contained  in  the  ash  alone, 
experiments  were  made  with  cabbage  and  onions  as  typical  vegetables. 
A  weio-hed  portion  of  the  ash  left,  after  combustion  in  oxygen,  was 
fused  with  a  mixture  of  sodium  carbonate  and  potassium  nitrate  in  a 
platinum  crucible,  and  the  remaining  mass  was  dissolved  in  water, 
acidified  with  nitric  acid,  and  the  sulphur  estimated  as  barium  sulph- 
ate. A  weighed  portion  of  the  dried  vegetable  was  next  treated  in  a 
similar  way  ;  and  the  results  obtained  by  these  two  methods  were  : — 

Cabbage.  Onions. 

Method    I 3-85  0-56  per  cent. 

Method  II 3-71  0-55 

Experiments  were  also  made  which  gave  for  radish  0-58,  and  for 
cauliflower  0*68  per  cent. ;  but,  as  these  results  were  so  low,  and  the 
sulphur  was  mainly  found  in  the  ash,  no  further  investigations  were 
made  in  this  direction. 


Proximate  Analysis. 

The  details   given  above  with  regard  to  the  percentages  found  for 
ash  and  water  also  belong  to  this  division  of  the  subject. 
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Woody  Fibre. 

The  process  of  determining  woody  fibre  "has  been  mncb  improved 
since  this  work  was  done,  but  it  would  be  impossible  to  revise  it, 
using  the  same  samples.  The  results  may,  at  all  events,  be  regarded 
as  comparative. 

The  method  used  in  this  portion  of  the  work  was  that  depending 
on  treatment  with  sulphuric  acid,  as  described  by  Dr.  Percy  F.  Frank- 
land  in  his  Agricultural  Chemical  Analysis,  founded  upon  Dr.  F. 
Krocker's  Leitfaden  der  Agricultural  chemische  Analyse.  From  4  to 
8  grams  of  the  powdered  vegetable  were  placed  in  a  flask  with  50  c.c. 
of  a  solution  of  sulphuric  acid  (50  grams  of  the  strong  acid  diluted 
to  1000  c.c),  150  c.c.  of  water  added,  the  whole  boiled  for  half 
an  hour,  and  then  cooled ;  the  liquid  was  siphoned  off,  a  small 
funnel,  covered  with  fine  muslin,  being  placed  on  the  shorter  arm  of 
the  siphon.  The  residue  was  boiled  twice  with  200  c.c.  of  distilled 
water,  and  then  with  50  c.c.  of  potassium  hydrate  (50  grams  per  litre) 
diluted  with  150  c.c.  of  water  ;  after  this,  it  was  again  twice  boiled  with 
water,  the  boiling  in  each  case  lasting  for  half  an  hour,  the  super- 
natant liquid  being  each  time  siphoned  off  befere  the  fresh  addition 
of  water.  The  residue  was  next  thrown  on  a  weighed  filter,  and 
washed  in  succession  with  hot  water,  alcohol,  and  ether,  and  then  dried 
at  110**  in  an  air-bath.  A  soda-lime  combustion  was  made  in  order  to 
estimate  any  albuminoid  matter  left  in  the  residue,  and  the  ammonia 
evolved  collected  in  nitrogen  bulbs  containing  hydrochloric  acid  of  a 
known  strength,  the  excess  of  the  acid  being  neutralised  by  sodium 
hydrate,  and  the  weight  of  the  nitrogen  found  being  multiplied  by  6*25 
to  obtain  the  percentage  required.  A  portion  of  the  residue  was  also 
estimated  for  ash,  the  total  percentage,  minus  the  albuminous  matter 
and  ash,  being  taken  as  woody  fibre. 


Table  Y. — Woody  Fibre. 


Per 

cent. 

Per 

cent. 

Per 

cent. 

Sea-kale 

23-06 
23-00 

20  75 
18-88 

Broad  beans .... 

Tomato 

Green  peas 

Beet-root 

13-72 
12-79 
12-63 
11-57 
11-53 
11-52 
11-25 
10-57 
8-75 

Salsify 

7-76 

Mushrooms  .... 

Jerusalem  arti- 
chokes   

Haricot  beans.  .. 

Potato  (in  skin). 

Potato  (without 
skin) 

6-60 

Celery .»,%.,., 

Cauliflower 

4 -7a 

Cabbage  

Radish 

18-43 
18-53 
16-45 
15-04 
13-26 

Carrots 

Spinach 

Parsnips 

Lettuce 

Onions 

3-86 
1-86 

Vegetable  marrow 
Scarlet  runners  . . 
Cucumber 

0-70 
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One  estimation  for  eacli  vegetable  was  found  sufficient  after  the 
first  two,  except  in  a  very  few  cases.  'As  an  example,  celery  may  be 
quoted  J  the  total  residue  was  23  15  per' cent. ;  of  this  1*16  per uent. 
was  albuminoid  matter,  and  1'24  per  cent,  ash,  thus  leaving  20' 75  per 
cent,  as  woody  fibre*  ^p  :  • 

_  .'  ,  .;  Albuminoids:  "      '   ; 

The  percentage  of  albuminoids  was  determined  as  before  by  soda- 
lime  combustion,  two  determinations  being  made  for  each  vegetable. 
'While  working  on  this  part  of  the  subject,  attention  was  directed  to 
the  fact  already  known,  that  in  the  case  of  many  vegetable  products 
the  amount  of  nitrogen  evolved  by  the  soda-lime  process  was,  in 
almost  all  instances,  lower  than  that  found  by  Dumas'  method;  as 
the  four  examples  below  will  show. 


Soda-lime 
method. 

Dumas' 
method. 

Soda-lime 
method. 

Dumas' 
method. 

1-72 
2 '90 

2-67 
3-45 

Beet-root 

Cabbage   

1-40 
2  92 

1-82 

Tomato 

4-24 

To  be  quite  certain  that  no  mistake  had  been  made  with  the  copper 
oxide  series  of  combustions,  fresh  determinations  were  made  with  the 
same  samples  of  vegetables.  The  second  set  of  results  agreed  very 
closely  with  the  first ;  for  example,  green  peas  gave  5*26  and  5-06 ; 
vegetable  marrow,  3*32  and  3*24  per  cent.  ;  but  in  case  of  different 
samples  of  the  same  vegetables,  very  different  results  were  obtained 
with  those  collected  in  1888  from  those  collected  in  1887. 


Dumas'      - 
method, 

1887. 

Pumas' 
'     iiiethod, 
1888. 

Soda-lime 

method, 

1888. 

Sea-kale 

6-60 

4-34 

3-22 

Parsnips 

1-96 

2-40 

1-42 

Potato   

2-04  ' 

1-70 

0-99 

\   This  merely  confirms  the  fact  already  long  known,  that  the  per- 
centage of  nitrogen  varies  with  (a)  the  maturity  of  the  plant,  (h)  the 
variety  of  the 'plant,  (c)  the  sqirand  cultivation,  ((^)  the  season. 
It  is  well  known  that  certain  organic  substances  do  not  yield  the 
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whole  of  their  nitrogen  as  ammonia  on  combustion  with  soda  lime, 
but,  as  Professor  Church  states  in  his  work  on  Foods,  some  of  the 
nitrogen  is  contained  in  the  form  of  nitrates  and  of  other  non- 
albuminoid  compounds. 


Table  VI. — Albuminoids. 


Mushrooms  „ . . . 
Cauliflower. .    .  . 

Cabbage  

Radish 

Jerusalem       arti 

chokes  

Cucumber 

Grreen  peas 

Scarlet  runners  . 
Sea-kale 


Per 

cent. 


52  13 
26-31 
24  ■27 
23-07 

21-84 
21-51 
21.-29 
20-63 
20-16 


Lettuce 

Tomato 

Haricot  beans  . . 
Broad  beans. .  . . 

Spinach 

Spanish  onions. . 
Yegetable    mar- 
row   

Turnips   

Celery 


Per 

cent. 


18-93 
17-78 
17-52 
15-85 
15-17 
11-96 

11-85 
11-77 
10-40 


Salsify 

Parsnips 

Beet-root , 

Carrots 

Potato      (boiled 

without  skin)  . 
Potato      (boiled 

in  skin) 


Per 
cent. 


9-56 
8-62 
8-59 
8-15 

6-70 

6-17 


Nitrates. 

The  difference  in  the  percentage  of  nitrogen  evolved  by  Dumas' 
and  the  soda-lime  methods  pointed  to  the  necessity  of  determining 
the  amount  of  nitrates  present.  A  good  deal  of  work  in  this  direc- 
tion has  been  done  by  various  English  and  German  chemists,  and 
investigations  made  as  to  the  change  of  nitrates  into  albuminoids 
during  various  stages  of  plant  growth.  In  the  Comptes  rendiis,  98 
(1884),  Berthelot  gives  full  particulars  as  to  work  on  plants,  and  in 
the  Gom-ptes  rendus,  99  (1884),  a  joint  paper  of  his  and  G.  Andre 
contains  a  good  deal  of  information  as  to  the  .presence  of  nitrates. 

Following  the  directions  given  in  these  papers,  a  few  grams  of  the 
dried  vegetable  were  in  each  case  digested  with  dilute  alcohol  (60  :  40 
water)  in  a  flask  connected  with  a  reflux  condenser,  to  dissolve  the 
nitrates  and  coagulate  the  albuminoids  ;  after  filtration,  the  filtrate,  if 
acid,  was  neutralised  with  potassium  carbonate  and  evaporated  to 
dryness  over  a  water-bath.  Two  solutions  were  prepared  in  every 
case,  but  only  such  vegetables  as  showed  deficiency  in  nitrogen  by  the 
soda-lime  combustion  were  examined.  The  nitrates  were  estimated 
by  means  of  Waricgton's  modification  of  Schloesing's  method  (Sut- 
ton's Volumetric  Analysis,  edition  4,  p.  210)  by  means  of  ferrous 
chloride.  An  oil-bath  was  used  instead  of  the  bath  of  calcium 
chloride  solution  advised,  as  it  was  found  to  be  more  under  control. 
A  few  experiments  were  made  with  potassium  nitrate  to  secure  the 
proper  working  order  of  the  apparatus.     The  nitric  oxide  evolved 
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was  collected  over  mercury  in  a  graduated  tube,  and  the  usual  cor- 
rections made  for  temperature  and  pressure.  A  few  examples  will 
show  the  concordance  of  the  results  obtained. 


Broad  beans. 

2-41 

•2-46 

Mean. .      243 


Sea-kale. 

2-84 
2-83 


2-83 


Jerusalem  artichokea. 
2*60  per  cent. 
2-66 


2-63 


Table  VII. — Nitrogen  calculated  into  Potassium  Nitrate 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Vegetable  marrow 

Spinacb   

Lettuce 

12-04 
12  -06 
5  96 
5-28 
5-14 
5-51 
4-99 

Carrot? 

Salsify 

4-35 
3-76 

Parsnips 

Cucumber 

Haricot  beans .... 

Potato      (without 

skin) 

1-97 
1*93 

Tomato 

Sea-kale 

Jerusalem      arti- 
chokes   ,  . . 

Broad  beans  .... 

3-58 

2-84 

2-63 
2-43 

1-89 

Celery 

Turnips  

Beet-root 

Green  peas   

1  '68 

Eadish 

Potato   (boiled  in 
skin) 

1-21 
0-32 

Cellulose. 

This  estimation  was  made  by  means  of  the  potassium  chlorate 
method  originally  suggested  by  F.  Schulze  (^Chem.  Gentr.,  1857,  321). 
From  2  to  4  grams  of  the  dried  and  powdered  vegetables  were  in 
each  case  digested  with  12  parts  of  nitric  acid  (sp.  gr.  I'lO)  and  0*8 
part  of  potassium  chlorate  in  a  closed  flask  ;  to  prevent  the  tempera- 
ture rising  above  15°,  the  flasks  were  placed  in  a  vessel  containing 
running  water.  This  process  lasted  for  about  a  fortnight.  Distilled 
water  was  then  added,  and  the  liquid  siphoned  off ;  the  residue  was 
washed  first  with  hot  and  then  with  cold  water,  which  in  each  case 
was  siphoned  off ;  next  the  residue  was  washed  into  a  beaker  with 
dilute  ammonia  (1  part  strong  ammonia  to  50  of  water),  and  heated 
for  about  45  minutes  at  60° ;  the  residue  was  thrown  on  a  weighed 
filter,  and  washed  with  the  same  dilute  ammonia,  until  the  filtrate 
came  through  colourless ;  it  was  thea  washed  successively  with  cold 
and  with  hot  water,  alcohol,  and  ether  ;  it  was  finally  dried  and 
weighed.  Any  nitrogenous  matter  and  ash  present  were  estimated 
by  the  usual  methods.     The  results  are  as  follows  :  — 
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Haricot  beans..  . . 

Spinach. 

Sea-kale 

Scarlet  runners  . . 

Cabbage  

Broad  beans 

Cauliflower 

Green  peas 

Vegetable  marrow 


Per 

cent. 


39-71 
38-78 
33-99 
33-32 
33-28 
32-93 
32-92 
29-86 
29-08 


Radisli 

Lettuce 

Cucumber 

Turnips 

Onions 

Potato       (boiled 

in  skin) 

Potato       (boiled 

without  skin) . 


Per 

cent. 


27-73 
23-90 
22-97 
22-07 
19-87 

17-21 

16-83 


Carrots 

Celery 

Parsnips 

Beet-root 

Mushrooms  . .  . 

Tomato 

Salisify 

Jerusalem     arti- 
chokes   


Per 
cent. 


16-76 
16-05 
15-71 
14-58 
14-02 
13-97 
9-69 

6-82 


Fat 
The  fat  and  colouring  matters  were  extracted  from  the  powdered 
vegetables  by  etber.  From  2  to  5  grams  were  placed  in  a  wide,  glass 
tube,  the  narrower  and  lower  end  of  which  passed  through  the  cork  of 
a  small  flask  of  about  100  c.c.  capacity,  containing  the  ether,  whilst 
the  upper  end  of  the  tube  was  connected  with  a  reflux  condenser. 
The  flask  was  heated  by  a  water-bath,  the  ethereal  vapour  dissolving 
the  oil  of  the  vegetable  as  it  passed  over  it ;  fresh  ether  was  used 
from  time  to  time  until  a  drop  on  evaporation  left  no  residue;  when 
all  the  soluble  matter  had  been  extracted,  the  ether  was  distilled  ofF 
and  the  residue  was  weighed.  At  least  two  estimations  were  made  in 
every  case,  and  fairlj  satisfactory  results  as  to  concordance  were 
obtained. 


Turnip. 

2-37 
2-22 


Tomato. 
3-71 
3-89 


Lettuce. 
5  "84  per  cent. 
5-94 


Mean 


2-29 


3-80 
Table  IX. 


5-89 
■Fat. 


Spinach 

Lettuce 

Mushrooms 

Cabbage  

Parsnips 

Tomato! 

Scarlet  runner  . . 

Sea-kale  

Cauliflower 


Per 

cent. 


9-43 
5-89 
5-50 
4-83 
4-33 
4-32 
3-80 
3  47 
3-32 


Vegetable    mar 

row 

Carrots 

Celery 

Turnips , 

Broad  beans  . . . , 
Haricot  beans. . 

Radish , 

Beet-root , 


Per 

cent. 


2-88 
2-63 
2-31 
2-30 
2  12 
1-97 
1-27 
1-15 


Cucumber 

Jerusalem  arti- 
chokes   

Onions 

Salsify 

Q-reen  peas 

Potato  (boiled  in 
skin) 

Potato  (boiled 
without  skin) 


Per 

cent. 


1-07 

0-98 
0-91 
0-72 
0-67 

0-29 

0-14 
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Glucose. 


The  final  investigation  of  the  carbohydrates  convertible  into  glncose 
proved  to  be  almost  the  most  troublesome  part  of  the  whole  work. 
At  first  the  usnal  method  given  in  text  books  (Church's  Laboratory 
Guide,  p.  233)  was  employed,  but,  on  titrating  with  Fehling's  solution, 
a   blue    or   white   precipitate    came   down.      After   several   abortive 
attempts  had  been  made,  a  modification  of  the  method  was  tried,  and 
proved  successful.     The  conversion  was  made  by  hydrochloric  acid, 
as  usual,  but  instead  of  neutralising  with  sodium  hydrate,  the  solu- 
tion was    treated  with    basic   lead    acetate,   and,    after   filtration,   a 
current  of  sulphur  dioxide  was  passed  through  the  liquid  to  precipi- 
tate any  excess  of  lead  present.     The   solution  was   then   filtered, 
concentrated  at   100°,  and  a  little  washed  alumina  added  until  no 
more  was  dissolved ;  the  liquid  was  again  filtered,  and,  if  necessary, 
evaporated  down  to  a  smaller  volume.    As  all  the  solutions  were  dark 
coloured,  it  was  necessary  to  boil  them  before  adding  a  few  drops  of 
milk  of  lime  and  powdered  animal  charcoal.     After  decolorisation, 
the  solution  was  filtered  and  its  volume  measured ;  two  solutions  were 
prepared  from  each  vegetable.     The  Fehling's  solution  used  was  pre- 
pared in  the  usual  manner,  and  standardised  according  to  the  direc- 
tions given  by  Koscoe  and  Schlorlemmer  in  their  Treatise  on  Chemistry , 
vol.  Ill,  Part  2,  p.  519.      Difficulties  in  the  titration  were  found  in 
several   cases,  as  the  precipitate   had  constantly  to  be  filtered  off, 
otherwise  it  dissolved,  whilst  a  white  precipitate  came  down,  and  the 
solution  turned  to  a  vivid  green.    Among  the  solutions  which  behaved 
thus  were  those  of  spinach,  cucumber,  and  celery.     A  good  example 
of  the  results  obtained  is  that  of  sea-kale. 

I.  2"88668  grams  taken.  Volume  of  solution,  115'9  c.c. 
II.  3' 55348  grams  taken.  Volume  of  solution,  135*9  c.c. 
10  c.c.  Fehling  =  0"040285  gram  of  invert  sugar. 

I.  II. 


Fehling.         Glucose.  Fehling,         GHucose. 

10  c.c.     =     10-14  c.c.  10  c.c.     =     8-98  c.c. 

10    „      =       9-41    „  10    „      =     9-27    „ 

10    „      =       9-46    „  10    „      =     9-28    „ 

Mean..  10    „       =       9-67    „  10    „       =     917    „ 

On  calculation,  percentage  of  glucose  found: — 

I.                II.  Mean. 

16-73          16-79  16-76 
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Table  X. — Glucose  or  Carbohydrates  converted  into  Glucose, 


Per 

cent. 


Per 

cent. 


Per 
cent. 


Potato  (boiled  in 
skin) 

Potato  (boiled 
without  skin) . . 

Salsify 

Parsnips 

Onions 

Carrots 

Beet-root 


79-46 

79-25 
56-97 
53-94 
53-10 
51-90 
44-19 


Jerusalem  arti 
chokes 

Grreen  peas 

Haricot  beans  . . 

Broad  beans  . .  . . 

Vegetable  mar- 
row   

Turnip 

Scarlet  runners. . 


37-19 
36-06 
34-48 
32-04 

25-17 
23-65 

22-70 


Cucumber. . 
Sea- kale. . . 
Radish. . . . 
Cabbage  . . 
Cauliflower. 
Celerj .... 
Mushrooms 
Lettuce  . . . , 
Tomato . .  . 
Spinach. .  . , 


17-72 
16-76 
14-54 
14-36 
13-08 
13-06 
12-78 
12-17 
10-85 
4-66 


On  adding  up  the  total  proximate  results,  it  was  seen  tliat  in  the 
case  of  certain  vegetables  they  were  low ;  some  carbohydrates  present 
in  various  vegetables  are  not  convertible  into  compounds  capable  of 
reducing  Fehling's  solution,  but  possibly  here  certain  compounds, 
such  as  the  pectins,  had  not  been  converted  into  glucose  by  the 
above  method.  Fresh  solutions  were  therefore  prepared,  as  sug- 
gested by  Sachsse  (Ghem.  Gentr.,  8,  639  and  732),  by  digesting  the 
vegetables  with  rather  stronger  hydrochloric  acid,  10  c.c.  (sp.  gr. 
1'125),  and  10  c.c.  water,  in  a  flask  connected  with  a  reflux  condenser ; 
the  whole  was  boiled  briskly  over  a  water-bath  for  three  hours,  and 
the  solution  was  then  filtered  and  treated  with  basic  lead  acetate,  &c., 
as  described  previously.  ■  The  table  shows  the  resjults  obtained  by 
this  method.  i  I 


Table  XL- 

—Glucosh  prepared  by  the  more  Rapid  Method, 

1                                                 t 

Per  cent. 

i 

Per  cent. 

Salsify 

63-48 
55-91 
54-59 
29-38 
29-04 

Cucum  ber    

27-99 

Jerusalem  artichokes 

.... 

Tomato    

25-05 

20-66 

Spinach    

12  18 

Vegetable  m.aarrow 

As  stated  in  the  beginning  of  this  paper,  the  work  here  described 
was  undertaken  with  the  idea  of  arriving  at  a  clearer  knowledge  of 
the  composition  of  vegetables  as  eaten ;  therefore  it  is  difficult  to  com- 
pare the  results  obtained  with  those  of  other  investigators  ;  for  even 
in  the  raw  condition  great  differences  in  composition  occur.     A  few 
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vegetables  such  as  celery,  letfcnce,  radishes,  and  mushrooms  are 
inclnded,  although  these  were  not  previously  cooked  ;  they  are  chiefly 
interesting  for  the  sake  of  comparison  with  the  work  of  others  in  the 
same  direction.  With  the  exception  of  mushrooms,  two  samples  at 
least  of  every  vegetable  have  been  used,  and  in  the  case  of  potatoes 
seven  or  eight;  as  this  was  the  vegetable  easiest  to  procure, 
nearly  all  the  first  determinations  were  made  with  it.  This  fact  is 
mentioned,  as  it  may  partly  account  for  the  high  total  results 
obtained  with  some  of  the  series.  It  will  be  noticed  that  in  the  case 
of  almost  all  vegetables  the  percentage  of  water  is  higher  in  the 
cooked  than  in  the  uncooked  condition,  especially  in  the  leguminous 
class. 

For  the  sake  of  comparison,  Table  XII  has  been  drawn  up  from 
Die  Menschlicken  Ndhrung  und  Genussmittel,  by  Dr.  Konig  (Edition 
1882-83),  also  Table  XIII  from  Food,  by  Professor  Church  (Edition 
1889).  (The  vegetable  marrows  and  cucumbers  were  peeled  before 
the  analyses  were  made.)  Table  XIV  contains  a  list  of  the  same 
vegetables,  the  constituents  of  which  were  determined  by  the  author ; 
the  results  have  been  calculated  on  the  materials  in  their  natural 
moist  condition. 

Table  XII. — Proximate  Analysis  taken  from  Konig' s  ^^  Die  Menschlicken 
Ndhrung  und  GenussmitteV 


r  maximum 
Potato  s  minimum 

L  mean . .  . . 

Cabbage  

Celery       (without 

green)   

Celery 

Cucumber 

Tomato 

Lettuce 

Eadieh 

Mushrooms 


90 


a 


82-86 
68-20 
75-45 

85-89 


89-57   0 
84-09    1-48 


3-66 
0-57 
1-95 

2-87 


95-60 
92-87 
94-33 
94-31 
98-34 


1-02 

1-41 
1-15 
3-39 


be 

w 


si" 


0-38 

0-62 
0-77 
0-95 
2-53 

1-14 


21-24 

18-75 

20-69 

7-80 


0-12 


trace 
0-74 


0-09 


0-06 
0-21 
0-01 


^ 


0-84 
0-73 


1-37!  1-45 
0-28  0-53 
0-75  0-98 
1-68    1-17 


1-46 
0-84 
0-39 
0-64 
1-03 


0-65 {  0-67 
0-54    0-76 


The  last  two  vegetables  were  analysed  by  W.  Dahlen ;  one  analysis  of  cucumber 
was  made  by  R.  Pott,  who  found  97-19  per  cent,  water ;  ash,  0-24 ;  albuminoids, 
0*60  per  cent. 
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Table  XIIT. — From  Professor  Church's  "  Food.'' 


Water. 


Haricot  beans 
Potatoes  , . . . 

Turnips 

Carrots 

Parsnips  .... 
Beet-root  . . . 
Jerusalem  ar- 
tichokes. . . 
Cabbage  . , . . 

Sea-kale 

Vegetable 


Tomatoes  . . 
Celery .... 
Lettuce. . ., 
Cucumber. , 


14-0 
75  0 

92-8 
89-0 
82-0 

82-2 

80-0 
89-0 
93-3 

94-8 


89-8 
93-3 
96-0 
96-2 


Albu- 

minoi'dSj 

&c. 


23-0 
1-2 
0-5 
0-5 
1-2 
0-4 

2-0 
1-5 
1-4 

0-6 


1-4 
1-4 

0-7 
0-2 


Starch 


52-3 
18-0 


3-5 
10-0 


t5-8 
§2-8 

0-6 


§1*6 

n-6 


Fat. 


2-3 
0-3 
0-1 
0-2 
1-5 
0-1 

0-5 
0-5 


0-2 


0-2 


Sugar. 


4-5 
5-0 


4-2 


2-0 


6-0 
2-0 

2-0 


Cellu- 
lose. 


5-5 
1*0 
1-3 
2-3 
2-1 
3  0 

2-0 
2  0 
0-9 

1-3 


1-8 
0-9 
0-5 
0-5 


Mineral 
matter. 


Ex- 
trac- 
tives. 


2-9 
10 
0-8 
1-0 
10 
0-9 

11 
1-2 
0-6 

0-5 


0-8 
0-8 
0-1 
0-4 


#1-5 

no 


fl-O 

Inulin 

11 


Malic 

acid 

0-7 


Dextrin 

pectose 
gum. 


*  As  solanine  and  organic  acids. 
X  Starch,  gum,  and  sugar. 


f  Including  amides. 
§  Mucilage,  starch,  &c. 


Table  XIV, — Froximate  Analysis, 


1 

.d 
^ 

•^6 

i 

1 

3 

.2  ® 
II 

Cabbage  

97-45 
97-21 
94-07 
97-05 
94-93 
97-97 
73-68 
97-25 
93-45 
97-28 
94-81 
97-95 
99-17 
97-48 
73  80 
91-69 

0-13 
0-47 
0-76 
0-55 
0-90 
0-03 
0-70 
0-32 
0  14 
0-12 
0-38 
0-20 
0-05 
0-27 
1-27 
0-61 

0-61 
0-52 
1-05 
0-30 
1-17 
1-57 
4-61 
0-32 
0-53 
0-23 
0-44 
0-41 
0-09 
0-54 
1-62 
1-81 

0-47 
0-29 
0-75 
0-61 
0-94 
0-18 
1-01 
0-63 
0-75 
0-30 
0-60 
0-47 
0-13 
0-33 
0-49 
0-39 

0-12 
0-16 
0-25 
0-06 
0-06 
0-16 
0-52 
0-06 
0  17 
0-29 
0  06 
0-07 
0-04 
0-02 
0-03 
0-08 

0-84 
0-66 
0-82 
0-47 
1-40 
0-42 
10-45 
0-60 
1-09 
0-42 
0-75 
0-69 
0-24 
0-57 
4-50 
0-56 

0-36 
0-57 
Oil 
0-86 
0-73 
0-38 
9-07 
0-65 
3-39 
1-46 
2-83 
0-34 
0-24 
0-70 
20-81 
4-64 

Lettuce 

0-16 

Tomato 

0-21 

Celery 

0-15 

Radish 

0-06 

Mushroom 

Haricot  beans 

0-46 

Turnips 

0-14 

Carrots . 

0-2a 

Parsnips 

0  05 

Beet-root 

0-26 

Sea-kale 

0-05 

Vegetable  marrow 

Cucumber 

0-09 
0-04 

Potato  (boiled  in  skin)  . 
Jerusalem  artichokes. . . 

0-08. 
0-21 
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Heats  of  Combustion. 

In  this  section  of  the  work,  the  method  adopted  was  that  described 
by  W.  Thomson  in  a  paper,  "  On  a  New  Apparatus  for  readily 
determining  the  Calorific  Value  of  Fuel  or  other  Organic  Substances 
by  Direct  Combustion,"  published  in  the  Journal  of  the  Society  of 
Chemical  Industry,  Vol.  Y,  No.  11.  The  water  value  of  the  apparatus 
used  was  carefully  calculated  according  to  the  directions  given  in  the 
article,  as  the  table  below  will  show. 

Table  XV. — Water  Value  of  the  Apparatus  Used. 


Material  used. 


Weight  in 
grams. 


Glass  of  beaker    

Glass  bell « 

Brass  tube 

Brass  stand  and  springs 

Copper  gauze    

Thermometer  glass 

Mercury    ^ 

Clay  support 

Platinum  crucible    

India-rubber 

Water  employed 

Total  equiyalent  of  water  in  calorimeter 


323 

27 

12 

50 

66 

4 

8 

7 

6 

1 


•8957 
•0083 
•6900 
•3675 
•6901 
•1500 
•2920 
•7946 
•1659 
•2109 


Specific  heat 

of 
the  material. 


0  -1977 
0-1977 
0  -0939 
0  -0939 
0-0951 
0  -1977 
0  -0333 
0  -1977 
0  -0324 
0 -2000 


Equivalent 

in  grams   of 

water. 


47^70 
5  33 
119 
4-72 
6-34 
0-82 
0-27 
154 
0-20 
0^24 
2500  •OO 


2568  ^05 


In  order  to  compare  the  results  obtained  with  those  of  other  workers 
in  this  department,  and  to  secure  accurate  results,  a  series  of  experi- 
ments was  first  made  with  cane  sugar  and  starch. 


Table  XVI. 


Highest. 

Lowest. 

Mean  of  some 
experiments. 

4063  -0 
4322  -7 

3954  0 
4215-9 

4034-3 

Starch 

4285  0 

The  results  given  below  show  what  has  been  done  by  others. 
F.  Stohmann's  determinations  are  to  be  found  in  the  Zeitschrift  fur 
physikalische  Chemie,  II  Band,  1  Heft,  1888  ;  while  those  of  Berfchelot 
and  Vieille  and  Rechenberg  are  calculated  from  numbers  given  in 
the  Comptes  rendus,  102,  1284. 
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Starch .... 
Cane  sugar 


Berthelot  and 
Vieille. 


4228-0 
3961  -7 


Reclienberg. 


4481  '0 
4145  -0 


Stohmann. 


4121  -0 
3840  -U 


After  the  preliminary  experiments  were  finished,  and  the  apparatus 
was  found  to  be  in  good  working  order,  investigations  were  begun 
with  the  prepared  vegetables,  at  least  three  determinations  being 
made  in  every  case.  A  few  examples  will  show  their  agreement  one 
with  another. 


Haricot  beans. 

Spinach.            Cauliflower. 

Sea-kale. 

4435  -6 
4446  -3 
4386-6 
4446  -5 
4454-3 
4445  -3 

4262-8         !         4476-0 
4300-2         i"'-'    4479-7 
4262-6                 4500-4 
4297-5                     — 

~             1             ~ 

-        !        - 

4634-1 
4664 -7 
4650  -1 

Mean..    4435-76 

4280-6 

4485-3 

4646-3 

Table  XVII. — Heats  of  Gomhustion. 


Names  of  vegetables. 


Sea-kale 

Cauliflower   

Haricot  beans .... 

Tomato 

Broad  beans 

G-reen  peas    

Spinach 

Yege table  marrow 

Cabbage  

Onions 

Scarlet  runner  . .  . 
Salsify 


Heats  of 
combustion. 


4646  -3 
4485 -3 
4435  -76 
4431  -6 
4425  -6 


4317 
4280 
4266 
4100 
4105 
4104 
4084 


Names  of  vegetables. 


Potato  (boiled  in  skin)    . .  . . 

Parsnips    

Cucumber 

Beet-root   

Turnip   

Mushrooms    

Potato  (boiled  without  skin) 
Jerusalem  artichokes  ...... 

Carrots 

Lettuce 

Celery 

Radish   


Heats  of 
combustion. 


4072-6 
4044 -2 
4025  -7 
3992  -9 
3891  -3 
3868  -7 
3819-0 
3818  -0 
3660  -6 
3642  -1 
3623-7 
3246  -0 


The  heats  of  combustion  can  be  calculated  from  the  ultimate  analyses  of  the 
vegetables,  on  the  assumption  that  the  carbon  exists  as  graphite,  and  the  hydrogen 
is  free  except  that  portion  already  in  combination  with  oxygen.  It  is  to  be  noticed 
that  in  all  cases  a  higher  result  is  obtained  than  that  actually  found.  The  differ- 
ences may  be  viewed  as  the  heats  of  formation  of  the  vegetables  from  their  ultimate 
constituents,  and  it  is  evident  that  heat  would  be  evolved  were  they  to  be  thus 
synthesised,  if  such  a  sjnthesis  were  conceivable. 
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XVIII. — The  Dissociation  of  Liquid  Nitrogen  Peroxide. 

By  W,  OSTWALD. 

Mk.  Cundall  has  recently  (Trans.,  1891,  59,  p.  1076)  pnblislied  an 
account  of  an  interesting  series  of  observations  on  the  dissociatiofi 
which  nitrogen  peroxide  undergoes  when  dissolved  in  chloroform. 
As,  according  to  Van't  Hoff,  dissolved  substances  obey  the  same  laws 
as  gases,  and  the  laws  of  dissociation  of  binary  compounds,  such  as 
nitrogen  peroxide,  are  well  known  for  the  gaseous  state,  it  is  to  be 
expected  that  the  same  laws  should  hold  good  for  the  dissolved 
peroxide. 

The  law  of  diesociation  in  the  gaseous  state  is  expressed  by  the 
equation  : — 

where  x  is  the  amount  of  dissociated,  and  \  —  x  the  amount  of  un- 
dissociated  peroxide,  v  the  volume  of  unit  mass,  and  K  a  coefficient 
depending  chiefly  on  the  temperature,  but  constant  at  constant 
temperature. 

As  Yan't  Hoff*s  generalisation  is  applicable  only  to  dilute  solutions, 
it  is  necessary  to  refer  to  Table  III  of  Mr.  Cundall's  paper  {loc.  cit., 
p.  1086).  In  column  II  are  given  the  percentage  strengths  of  solu- 
tions, whose  reciprocals  are  equal  to  100/y  of  our  equation.  The  last 
column,  multiplied  by  0*000468  (compare  p.  1089),  gives  the  quantity  x. 
If  we  denote  by  c  the  concentrations  (col.  II)  of  the  solutions,  and  by 
r  the  relative  amount  of  NO2  (col,  IV),  we  obtain  by  putting  c  = 
100/t;anda:  =  0-000468r. 

0-000468r^  c     ^    -.qq^ 
1  _  0-000468r 
Since  K  is  constant  at  constant  temperatures,  the  first  member  of 
the  equation  must  also  be  constant.      By  making  use  of  the  figures  of 
Table  III,  we  obtain  : — 


c. 

V. 

X. 

K 

9-93 

3-8 

0-00178 

0-000000312 

6-0 

4-4 

206 

254 

4-8 

4-5 

211 

213 

3-6 

5-7 

267 

257 

2-5 

6-6 

304 

231 

20 

7-0 

328 

215 

1-6 

8-05 

377 

227 

1-4 

8-7 

407 

228 

0-8 

11-2 

524 

220 
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It  is  obvions  that  nitrogen  peroxide  does  indeed  dissociate  in 
accordance  with  the  same  law,  whether  it  be  in  dihite  solution  or  in 
the  gaseous  state,  for  the  figures  of  the  last  column  must  be  regarded 
as  constant.  The  differences  from  the  mean  value  0'000000281  are 
quite  irregularly  distributed,  and  therefore  could  only  be  due  to  ex- 
perimental errors,  whose  influence  is  nearly  doubled  in  the  calculation 
of  the  constant  K.  The  first  value  alone  seems  to  show  too  great  a 
deviation,  but  the  concentration  of  10  per  cent.,  corresponding  to  a 
pressure  of  more  than  20  atmospheres,  certainly  exceeds  the  limits 
within  which  the  simple  laws  of  the  gaseous  state  are  valid. 

It  is  a  matter  of  interest  to  ask  if  the  ratio  of  dissociation  of  the 
peroxide  is  the  same  in  the  gaseous  and  the  dissolved  state  at  equal 
concentrations,  and,  if  not,  in  which  of  the  two  it  is  the  greater.  From 
the  very  accurate  measurements  made  by  E.  and  L.  Natanson  (Ann. 
Phys.  Ghent.,  1886,  27,  606),  we  learn  that,  at  0°  and  at  a  pressure  of 
250  mm.,  the  amount  of  dissociated  peroxide  amounts  to  as  much  as 
10  per  cent.  For  this  state,  the  absolute  density  of  the  peroxide  is 
0'0014,  that  is,  the  gas  corresponds  to  a  0*14  per  cent,  solution  of  per- 
oxide in  a  vacuum.  Now,  according  to  Cundall,  a  1*44  per  cent, 
solution  at  0°  contains  5*85  x  0-0468  =  0*274  per  cent,  of  dissociated 
peroxide  ;  according  to  the  above-mentioned  law,  a  0*14  per  cent, 
solution  would  therefore  contain  yiO  x  0*274  =  0*96,  or  about  1  per 
cent,  of  dissociated  peroxide.  For  the  gaseous  state,  the  dissociation 
is,  therefore,  far  more  advanced  than  in  a  chloroform  solution  ;  to 
reach  the  effect  of  a  vacuum,  the  solution  must  be  diluted  to  more 
than  the  hundredfold  bulk  of  the  gas. 

It  is  to  be  expected  that  other  solvents  will  show  other  relations, 
and  it  would  be  interesting  to  compare  one  solvent  with  another.  It 
would  not  be  surprising  if  the  power  of  promoting  dissociation 
should  turn  out  to  be  closely  connected  with  the  property  of  pro 
mo  ting  chemical  change,  as  measured  by  N.  Menschutkin  {Zeit. 
pJiysihal.  Chem.,  1887,  1,  627  ;  1890,  6,  41).  But  it  must,  of  course, 
be  left  to  Mr.  Cundall  to  extend  the  investigations,  so  happily  begun 
by  him,  over  a  wider  field. 

In  the  paper  under  consideration,  there  is  also  some  material  for 
the  comparison  of  the  influence  of  temperature  in  both  cases,  the 
dissolved  and  the  gaseous  condition  of  the  peroxide.  On  this  occasion 
I  shall  not  enter  on  the  discussion  of  this  question  ;  the  first  problem 
is  whether  the  temperature  exerts  the  same  influence  with  various 
solvents,  or  not,  and  before  we  know  something  on  this  point,  a  fruit- 
ful discussion  can  hardly  be  undertaken. 

Physihalisch-chemisches  Lahoratorium, 
Leipzig. 


244 


XIX. — Gorydaline.     Part  I. 

By  James  J.  Doebie,  M.A.,  D.Sc,  and  Alexander  Lauder,  University 
College  of  North  Wales,  Bangor. 

The  rare  alkaloid  corydaline  was  discovered  by  Wackenroder  in 
the  year  1826  in  the  tubers  of  Gorydalis  tuherosa  (Kastner's  ArcTiiv, 
8,  423),  and  in  the  course  of  the  next  40  years  was  investigated  by 
numerous  chemists,  who  failed,  however,  to  arrive  at  a  satisfactory 
conclusion  with  regard  to  its  formula.  In  1866,  Wicke  published  in 
the  Annalen,  137,  274,  a  more  complete  and  careful  account  of 
-the  alkaloid  than  had  hitherto  appeared,  accompanied  by  numerous 
analyses  of  the  base  and  its  compounds ;  from  these  he  deduced  the 
formula  C18H19NO4,  which  has  since  been  accepted  as  representing 
correctly  the  composition  of  the  alkaloid. 

Before  beginning  an  investigation  of  the  decomposition  products  of 
corydaline,  we  subjected  several  samples  to  analysis,  and  came  to  the 
conclusion  that  Wicke's  formula  is  incorrect.  The  corydaline  with 
which  we  experimented  was  obtained  from  Schuchardt,  of  Grorlitz,  in 
different  lots,  prepared  at  different  times  from  the  dried  roots -of 
0.  tuherosa,  gathered  partly  in  the  Tyrol  and  partly  in  Thuringia.  The 
various  samples  were  examined  and  analysed  separately  with  the  view 
of  establishing  definitely  the  identity  of  the  alkaloid  obtained  from 
different  sources.  After  numBrous  experiments,  we  found  that  a 
mixture  of  absolute  alcohol  and  ether,  as  recommended  by  Wicke,  is 
the  best  solvent  for  corydaline.  Such  a  solution  rapidly  assumes  a 
yellow  colour  on  exposure  either  to  light  or  heat,  and  when  employed 
for  the  crystallisation  of  the  alkaloid,  must  be  kept  in  a  cool,  dark 
chamber.  This  susceptibility  of  corydaline  to  the  action  of  light  and 
heat  probably  accounts  for  the  difficulty  which  earlier  experimenters 
experienced  in  purifying  this  alkaloid.  The  yellow  resin  with  which 
they  supposed  it  to  be  contaminated  in  the  later  stages  of  purification 
was  no  doubt  an  alteration  product  due  to  the  action  of  light  or  heat, 
from  which  there  is  no  evidence  to  show  that  they  were  careful  to 
protect  their  solutions.  In  the  paper  already  quoted,  Wicke  says  : 
"  The  further  purification  of  the  crystals  offered  special  difficulties, 
since  the  yellow  colour  could  not  be  got  rid  of  either  by  repeated 
crystallisation,  or  by  treatment  with  freshly  ignited  animal  charcoal." 
The  former  method  of  treatment  would,  in  the  presence  of  light, 
give  rise  to  the  production  of  the  yellow  matter  from  which  it  was 
intended  to  free  the  alkaloid,  and  the  treatment  with  animal  charcoal, 
if  carried  out  in  the  usual  way,   would  produce   the   same   result. 
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When  crystallised  with  the  precautions  described,  corydaline  forms 
perfectly  colourless,  flat,  prismatic  crystals,  which  sometimes  measure 
an  eighth  of  an  inch  in  length,  and  ai-e,  like  their  solution,  quickly 
coloured  yellow  by  the  action  of  light  or  heat.  Pure  corydaline,  when 
heated,  changes  colour  about  125°,  softens  about  133°,  and  melts 
finally  at  134*5°.  We  were  unable  to  detect  any  difference  in  the 
melting  point  of  the  various  samples  experimented  with  when  they 
were  examined  under  similar  conditions.  The  melting  point  given 
by  Wicke  is  130°.  Corydaline  dissolves  easily  in  ether,  chloroform, 
carbon  bisulphide,  and  benzene,  but  less  readily  in  alcohol.  It  also 
dissolves  in  oil  of  turpentine,  yielding  a  yellow  solution.  Corydaline 
is  practically  insoluble  in  cold  water,  and  only  very  slightly  soluble  in 
boiling  water.  From  a  pure  alcoholic  solution,  water  precipitates  it 
in  the  crystalline  form.  It  is  soluble  in  dilute  hydrochloric  and 
sulphuric  acids.  When  heated  with  dilute  nitric  acid,  nitrous  fumes 
are  evolved,  and  a  small  quantity  of  the  alkaloid  dissolves,  forming  a 
blood-red  solution.  Corydaline  which  has  been  coloured  yellow  by 
the  action  of  light  or  heat  is  more  easily  soluble  in  alcohol  or  ether 
than  the  unaltered  alkaloid.  A  small  quantity  of  corydaline  was 
heated  on  the  water-bath  for  two  hours  at  80 — 90°.  It  became 
yellow,  and  on  treatment  with  a  mixture  of  ether  and  alcohol,  the 
yellow  portion  dissolved  easily  to  a  yellow  solution,  leaving  unaltered 
corydaline  behind,  which,  when  treated  with  the  same  solvent,  dis- 
solved yielding  a  colourless  solution.  We  were  able  to  make  use 
of  this  in  purifying  the  alkaloid,  as  we  found  it  easy  to  remove  a 
large  part  of  the  yellow  substance  by  moistening  with  alcohol  and 
ether  and  pressing  between  filter  paper.  Wicke  has  probably  been 
misled  by  this  difierence  between  the  solubility  of  altered  and 
unaltered  corydaline,  when  he  states  that  alcohol  dissolves  pure 
corydaline  with  difficulty,  although  it  dissolves  corydaline  which  is 
mixed  with  resinous  matter  with  great  ease.  We  have  further  found 
that  solutions  of  the  purest  corydaline  rapidly  become  yellow  on 
heating,  although  Wicke  states  that  they  remain  colourless.  The 
solution  of  corydaline  in  alcohol  or  ether  has  an  alkaline  reaction  and 
a  bitter  taste. 

The  following  are  the  results  of  the  analysis  of  the  pure  alkaloid 
(dried  over  strong  sulphuric  acid)  carried  out  in  the  usual  way  : — 

I.  0-2389  gram  coryd-  f  0-17005  gram  HoO  =     7'90  p.  c.  H.  (A.) 

aline  gave  1 0-6245    gram  COa  =  71-29  p.  c.C.  (A.) 

TT    A.9qq9^  I^'^^^^    gramH,0=     7-88  p.  c.  H.  (A.) 

11.  [)Z66^b     „  „      1 0-6119    gramCOa  =  71-54  p.  c.C.  (A.) 

Hi.  U^5U4       „  „      \  0-6569    gram  COo.  =  71-54  p.  C.C.  (B.) 
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IV.  0-2413  gram  coryd-     01660    gram  H2O  =     7'65  p.  c.  H.  (B.) 

aline  gave 
V.  0-20805     „  „         0-5433    gram  CO^  =  71-21  p.  c.  C.   (C.) 

VT    n-P^'?^  /  0-1639    gramH,0=     767  p.  c.  H.  (D.) 

VI.  u  ^6i^       „  „      I  0-62075  gram  CO2   =  71-31  p.  c.  €.  (D.) 

VII.  0-4396       „  „         0-1156    gram  Pt     =    3-84  p.  c.  N".  (A.) 

VIII.  0-4549       „  „         0-1214 

IX.  0-4558       „  „         0-1230 

X.  0-4188       „  „        0-1206 

XL  0-3802       „  „         0-1012 

XII.  0-4559       „  „         0-1212 


3-85p.c.  JSr.  (B.) 
3-89  p.  c.  N.  (B.) 
3-68  p.  c.  K  (B.) 
3-83  p.  c.  N".  (C.) 
3-83  p.  c.  K  (D.) 


The  mean  of  these  numbers*  is  : — 


Carbon   71-37  per  cent. 

Hydrogen 7'76         „ 

Nitrogen 3-82 

from  whicb  we  deduce  the  formula  C22H28NO4. 


Theory  for 

Found. 

C20H28NO4. 

Carbon 

71-37  p.  c. 

71-36  p.  c. 

Hydrogen  .. 

7-76    „ 

7-^7    „ 

Kitrogen. .  . . 

3-82     „ 

378     „ 

Oxygen 

17-05     „ 

17-29     „ 

Theory  for 

Wicke's  formula, 

CisHigNO,. 

69-00  p.  c. 

6-07     „ 

4-47     „ 

20-46     „ 


100-00  100-00  100-00 

Wicke's  formula,  C18H19NO4,  is  only  supported  by  two  determina- 
tions of  carbon  and  hydrogen  and  one  of  nitrogen,  which  agree,  how- 
ever, with  his  theoretical  numbers. 

Corydaline  forms  a  large  number  of  salts  and  derivatives,  most  of 
which  can  be  prepared  without  difficulty.  The  hydrochloride  and 
sulphate  are  difficult  to  crystallise  on  account  of  the  tendency  of  their 
solutions  to  become  gummy.  For  this  reason,  and  because  the  hydro- 
chloride contains  water  of  crystallisation,  we  selected  the  hydriodide 
for  analysis. 

Corydaline  Hydriodide. — This  salt  is  very  easily  prepared  by  adding 
a  solution  of  potassium  iodide  to  a  solution  of  the  hydrochloride  in 
water.  The  hydriodide  separates  out  in  pale-yellow  flocks  which 
i-cdissolve  readily  in  hot  water,  and  crystallise  out,  on  cooling,  in 
clusters  of  lemon-yellow,  short,  prismatic  crystals.  The  specimen 
used  for  analysis  was  purified  by  repeated  recrystallisation  from 
water,  and  dried  at  100°.     The  results  obtained  are  as  follows : — 

*  The  letters  A,  B,  C,  D,  attached  to  the  above  analyses  refer  to  the  samplea 
-Analysed. 
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0"3017  gram  salt  gave  < 

ro. 
lo- 


ll. 0-3098 


III. 
IV. 

y. 


0-4832 
0-3907 
0-4799 


VI.  0-4718 


1590    gram  HgO  =    6-85  p.  c.  H. 

5896    gram  CO^  =  5329  p.  c.  C. 

1625    gram  H2O  =    5  82  p.  c.  H. 

•60525  gram  CO2  =  53-28  p.  c.  C. 
0-0924    gram  Pt     =     2-75  p 
0-0750       „      Pt     =    2-76  p 
gram  Agl  =  25'65  p. 


0-2279 
0-2232 


c.  IS^. 

G.N. 
c.  I. 


Found. 
(Mean  of  above  analyses.) 

Carbon. .  . .  53*28  per  cent. 

Hydrogen  .  5-83         „ 

Nitrogen  . .  2*75 

Iodine  ....  25-49 


Agl  =  25-34  p.  c.  I. 
Theory  for 

C22H28lSr04HI. 

5303  per  cent. 

5-80 

2-81         „ 
25-47         „ 


The  iodine,  or  other  halogen,  was  determined  in  this  and  in  other 
compounds  containing  them  by  heating  the  substance  with  pure  lime 
and  precipitation  with  nitrate  of  silver.  The  hydrobromide  and 
hydrocyanide  are  prepared  in  the  same  way  as  the  hydriodide,  which 
they  resemble  in  appearance  and  properties.  Wicke  analysed  the 
hydrochloride  and  sulphate,  but  did  not  determine  the  carbon, 
hydrogen,  and  nitrogen  in  these  salts.  His  determinations  of  chlorine 
agree  well  with  his  formula.* 

Gorydaline  Platinochloride. — This  salt  is  prepared  in  the  pure  state, 
suitable  for  exact  analysis,  by  adding  a  solution  of  chloroplatinic  acid, 
prepared  by  the  action  of  chlorine  and  strong  hydrochloric  acid  on 

*  Wicke  describes  two  chlorides,  one  containing  5  mols.  II2O,  one  without  water 
of  crystallisation,  and  one  sulphate  without  water  of  crystallisation.  The  results 
of  his  analyses  of  these  salts  are  as  follows  : — 

Hydrochloride  (without  water  of  crystallisation). 


Found. 

Corydaline 89  '00  per  cent. 

Hydrochloric  acid     10  "40         „ 

99-40 

Sulphate, 

Found. 

Corydaline 76  '00  per  cent. 

Sulphuric  acid ...      23  -23         „ 


Theory  for 
CigHisNOvHCl. 
89  '53  per  cent. 
10-47        „ 


100-00 


Theory  for 

Ci8lIi9N04,H2S04. 

76  '15  per  cent. 
23  -85 


99-23        „  100-00 

The  corydaline  in  both  cases  was  determined  by  precipitation  with  ammonia. 
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pure  spongy  platinnni,  to  a  solution  of  pure  corydaline  in  dilute 
liydrochloric  acid.  It  has  a  pale  buff-yellow  colour,  which  deepens  to 
orange-red  on  continued  heating  in  the  water-bath  at  100°.  It  is 
soluble  in  hot  water,  from  which  it  separates,  on  cooling,  in  brown 
crystals.  The  sample  used  for  analysis,  after  precipitation,  was 
washed  with  cold  water  until  the  washings  were  free  from  acid. 
The  following  are  the  results  of  the  analysis  of  the  salt  dried  at 
100°:—  . 


I. 

0-2855  gram  salt  gave |  ^^^t^  ^^^  ^^f  =  /'^^  P*  ^ 
I  0'48o3  gram  CO2  =  46-35  p.  c. 

H. 
C. 

II. 

0-4332 

„           0-0795  gram  Pt     =     2*64  p.  c. 

N. 

III. 

0-4112 

0-0739      „     Pt     =    2-58  p.  c. 

N. 

IV. 

0-2843 

0-2084  gram  AgCl  =  18-12  p.  c. 

CI. 

V. 

0-2368 

0-1769      „     AgCl=  18-45p.  c. 

CI. 

YI. 

0-2433 

0-0414  gram  Pt      =  17-01  p.  c. 

Pt. 

VII. 

0-2919      , 

0-0498      „     Pt      =  17-06  p.  c. 

Pt. 

VIII. 

0-2755      , 

0-0465    „     Pt      =  16-84  p.  c. 

Pt. 

IX. 

0-3035      , 

0-0511      „     Pt      =  16-83  p.  c. 

Jound.                               Theory  for 
(Mean  of  above  analyses.)     (C22H28]Sr04)2,H2PtCl6. 

Pt. 

Carbon . . 

46*35  per  cent.             45*92  per  cent. 

Hydrogei 

1..        5*23         „                     5-04 

Nitrogen 

2*61         „                    2-44 

Platinum 

..      16-93         „                   16-94 

Chlorine 

..      18*28        „                  18-52 

Corydaline  Methiodide. — This  compound  is  obtained  by  dissolving 
corydaline  in  methyl  iodide.  The  excess  of  methyl  iodide  employed 
must  be  removed  by  spontaneous  evaporation,  since  distillation  under 
the  ordinary  atmospheric  pressure  invariably  decomposes  the  com- 
pound. Corydaline  methiodide  dissolves  in  absolute  alcohol,  from 
which  it  crystallises  in  radiating  tufts  of  pure  white,  needle-shaped 
crystals.  Analysis  of  this  derivative,  dried  at  100°,  yielded  the 
following  results : — 

I.  0*3259  gram  salt  gave     0*1744  gram  H2O  =     594  p.  c.  H. 
-.-.    ^  0777  /  0-1486  gram  H2O  =     5-95  p.  c.  H. 

^  "  "       1  a-5441  gram  CO^  =  53-43  p.  c.  C. 

III.  0*4427      „  „  0*0827  gram  Pt     =    2*91  p.  c.  K 

IV.  0-4368      „  „  0*0881      „     Pt     =    2-89  p.  c.  N, 
V.  0*4121  .    „             „          6-1892  gram  Agl  =  24*79  p.  c.  I. 

VI.  0*4960      „  „         0*2261      „     Agl  =  24*63  p.  c.  L 
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Found.  Theory  for 

(Mean  of  above  analyses.)         C22H28N04-CH3T. 

Carbon  ....  53'43  per  cent.  53"92  per  cent. 

Hydrogen  .        595         „  6'05         „ 

Nitrogen  . .  290         „  273 

Iodine  ....  24-71         „  2479 

The  compound  with  ally!  iodide  was  prepared  in  the  same  way  as 
the  methyl  derivative.  Like  the  methyl  compound,  it  dissolves  easily 
in  absolute  alcohol,  from  which  it  crystallises  in  beautiful,  prismatic 
crystals  of  a  brown  colour. 

When  heated  with  hydrogen  iodide,  one  formula  weight  of  coryd- 
aline  gives  4  mols.  of  methyl  iodide,  and  yields  the  hydriodide  of  a 
base  which  apparently  bears  the  same  relation  to  corydaline  that 
papaveroline  bears  to  papaverine.  On  oxidation  with  potassium  per- 
manganate, corydaline  yields  a  mixture  of  acids,  which  we  are  now 
engaged  in  investigating.  We  propose  in  a  future  paper  to  give  the 
results  of  these  experiments,  together  with  fuller  information  as  to 
the  alkaloid. 


XX. — 8o7ne  Silver  Compounds  of  Thiourea. 

By  J.  Emerson  Reynolds,  M.D.,  D.Sc,  F.R.S. 

At  the  conclusion  of  a  paper  on  soms  derivatives  of  thiourea,  pub- 
lished in  1888  (Trans.,  53,  857),  I  pointed  out  out  that  a  definite 
crystalline  compound  of  silver  bromide  with  thiourea, 

(CSN^H^j^AgBr, 

was  obtained  by  the  interaction  of  silver  nitrate  with  (CSN"2H5)4!N'Br 
in  equal  molecular  proportions. 

It  was  further  stated  that  analogous  compounds  with  other  silver 
salts  had  been  obtained  by  the  same  method,  as  well  as  by  direct 
union  with  thiourea,  and  that  the  examination  of  these  compounds  in 
some  detail  had  cleared  up  certain  obscure  facts  which  were  simply 
recorded  in  my  earlier  papers  on  thiourea. 

I  did  not  intend  to  publish  details  of  the  examination  of  these 
silver  compounds  of  thiourea  until  a  similar  examination  could  be 
made  of  the  more  interesting  gold  and  platinum  derivatives.  But 
the  recent  appearance  of  a  paper  by  Kurnakow  (5er.,  24,  3956)  on 
the  silver  compounds  of  thiourea  renders  further  delay  undesirable, 

VOL.   LXI.  T 
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as  the  Russian  chemist  refers  only  to  the  paper  in  which  T  described 
thiourea  22  years  ago,  and  not  to  any  later  ones  on  the  subject. 
Hence  in  the  following  pages  will  be  found  the  details  of  the  work 
on  silver  compounds  referred  to  in  1888. 

Kurnakow's  communication  being  almost  exclusively  concerned 
with  the  products  of  the  action  of  silver  nitrate  on  thiourea,  I  shall 
first  give  the  notes  of  my  results  in  that  diuection. 

Compounds  of  Silver  Nitrate  with  Thiourea. 

The  white  precipitates  which  can  be  obtained  on  mixing  aqueous 
solutions  of  silver  nitrate  and  thiourea  vary  in  composition  with  the 
proportions  of  the  reagents  used,  and  gradually  decompose  when 
washed  with  water.  If,  however,  alcohol  be  substituted  for  water,  a 
perfectly  definite  crystalline  compound  can  be  prepared,  containing 
three  mols.  of  thiourea  to  one  of  silver  nitrate. 

17  grams  of  silver  nitrate  were  dissolved  in  alcohol,  and  added  to 
a  hot  alcoholic  solution  of  30*4  grams  of  thiourea  (1 — 4  mols.). 
The  solution  soon  deposited  a  large  quantity  of  beautiful  silky 
crystals,  which  when  collected,  washed  with  cold  alcohol,  and  re- 
crystallised  from  hot,  strong  alcohol,  afforded  a  pure  product,  which 
melted  sharply  at  141°.  The  fused  product  began  to  decompose  at 
about  150°,  sulphide  of  silver  separating. 

Analysis  of  the  pure  crystals  gave  the  following  data: — 

I.  0-4934  gram  gave  0178  of  AgCl. 
II.  0-3758  „         0-G83  of  BaSOi. 

III.  0-3633  „         0  646  of  BaSO^. 

IV.  0-3384  „  67-2  c.c.  of  N  at  7°  and  760-5  mm. 

The  results  agree  closely  with  the  formula  (CSN'2Hi)2AgN03. 

Experiment. 


Theory.  I.  II.  III.  17.      ' 

Ag......      2713  27-15  _  _  — 

S 24-24  —  24-98  24-44  — 

N 24-52  _  _  _  24-2 

If  the  above  pure  compound  be  boiled  with  strong  alcohol  for  some 
time  or  be  recrystallised  from  50  per  cent,  alcohol,  decomposition 
occurs,  and  a  substance  is  obtained  which  is  richer  in  silver,  and 
approximates  to  the  formula  (C 8^2114)2 AgNOj,  but  I  have  not  ob- 
tained a  pure  compound  of  that  composition. 

On  the  other  hand,  when  aqueous  solutions  of  equimolecular  pro- 
portions of  silver  nitrate  and  thiourea  were  mixed,  a  precipitate  was 
obtained,  which,  when  slightly    washed,  pressed,    and    dried,   gave 
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43-16  per  cent,  of  A^,  as  against  43'9  per  cent,  of  Ag  required  for  the 
compound  CSNaHijAgNO.^.  And  this  product,  after  free  washing, 
was  found  to  contain  46*3  per  cent,  of  silver,  indicating  decomposi- 
tion by  the  continued  action  of  water.  I,  therefore,  long  since 
arrived  at  the  conclusion  that  the  silver  precipitate  mentioned  in  my 
paper  of  1869  was  a  product  of  decomposition  of  the  too  carefully 
washed  lower  compound  of  silver  nitrate  and  thiourea  just 
referred  to. 

Kurnakow's  more  recent  work  (he.  cit.)  has  led  him  to  substan- 
tially the  same  result  respecting  the  silver  precipitate  I  first  described, 
and  he  has  isolated  and  more  fully  analysed  the  compound 
CSN'aHiAgN'Oa,  whose  existence  was  indicated  by  my  silver  deter- 
mination cited  above.  Moreover,  by  dissolving  the  1  :  1-compound 
in  aqueous  solution  of  thiourea  he  produced  the  1  :  3-substance 
which  I  formed  more  simply  of  direct  union  in  alcoholic  solution, 
and  examined  more  fully  than  he  has  done. 

The  general  result  of  both  lines  of  work  is  therefore  the  complete 
identification  of  the  compounds 

(CSN-oH4)3AgI^03, 
CSNaHiAgNO:,, 

whilst  some  evidence  of  the  existence  of  the  intermediate  substance 
(CSN2H4)3AgN03  has  been  obtained. 

Silver  Bromide  and  Thiourea. 

It  has  been  shown  in  a  former  paper,  as  already  mentioned,  that 
the  cautious  addition  of  silver  nitrate  in  alcoholic  solution  to  an 
equimolecular  proportion  of  (CSN2H5)4NBr,  affords  a  liquid  from 
which  the  compound  (CS]N"2H4)2AgBr  separates  out  in  crystalline  form. 

A  considerable  quantity  was  also  obtained  in  the  following 
manner  : — 17  grams  of  silver  nitrate  were  precipitated  by  potassium 
bromide ;  the  resulting  AgBr  was  thoroughly  washed  with  water  and 
lastly  with  rectified  spirit,  A  hot  solution  of  30*4  grams  of  thiourea 
(4  mols.)  in  300  c.c.  of  alcohol  was  gradually  added  to  the  moist 
silver  bromide.  The  addition  of  75  c.c.  (=  1  mol.)  of  thiourea  suf- 
ficed to  completely  change  the  pale  yellow  of  the  bromide  to  white, 
and  solution  only  commenced  when  this  point  was  passed,  and  was 
not  complete  until  the  whole  of  the  thiourea  was  added,  and  the 
mixture  was  gently  warmed.  On  standing  over  night,  a  crop  of  fine 
crystals  separated,  consisting  of  beautiful,  prismatic  needles.  These 
were  collected,  washed  with  cold  alcohol,  in  which  they  are  almost 
insoluble,  pressed,  and  dried  for  analysis.  The  pure  crystals  melt  at 
120 — 121°  to  a  clear  liquid,  but  on  heating  to  180 — 183°  gas  is 
evolved,  and  at  190°  blackening  occurs. 
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I.  0-4013  gram  gave  0-1279  of  Ag. 
II.  0-6845  „  0-3785  of  AgBr. 

III.  0-6325  „         0-8775  of  BaS04. 

IV.  0-452  „  63  c.c.  of  N  at  9°  and  762-5  mm. 

These  results  agree  with  the  formula  (08^2114)2 AgBr. 

Theory.  Experiment. 

Ag 31-76  31-87 

Br 23-52  2353 

S 18-82  19-07 

N 16-47  16-72 

This  compound  was  partially  decomposed  by  water,  although  it  can 
he  recrj^stallised  from  an  aqueous  solution  of  thiourea.  By  the  action 
of  much  water,  a  white  substance  separated  resembling  the  material 
formed  when  1  mol.  of  thiourea  was  added  to  finely-divided  silver 
bromide  in  the  first  instance.  An  estimation  of  silver  in  some  of  the 
latter,  formed  by  digesting  silver  bromide  with  rather  more  than 
I  mol.  of  thiourea,  gave  42*45  per  cent,  of  silver.  The  formula 
CS]S"2H4,AgBr  requires  40*93  ;  so  that  the  whitening  effect  of  thiourea 
on  silver  bromide,  in  the  first  instance,  is  probably  due  to  the  nearly 
complete  formation  of  a  1  :  1-compound,  which  latter  then  dissolves 
in  the  urea  solution  with  the  formation  of  the  1  :  2  crystalline  sub- 
stance ultimately  separated  from  the  liquid. 

There  is,  therefore,  evidence  that  silver  bromide  forms  the  two 
compounds  with  thiourea  : — 

(CSN2H4)2AgBr,  CSN2H4AgBr. 


Silver  Chloride  and  Thiourea. 

14'3  grams  of  freshly  precipitated  and  washed  silver  chloride  were 
added  to  a  hot  alcoholic  solution  of  30"4  grams  (4  mols.)  of  thiourea. 
Solution  was  nearly  complete,  and  the  filtered  liquid,  when  cold, 
deposited  a  fine  crop  of  colourless,  needle-like  crystals.  These 
were  washed  thoroughly  with  cold  alcohol,  pressed,  and  dried  for 
analysis. 

The  crystals  melt  at  170 — 171°,  affording  a  clear  liquid,  but  decom- 
position commences  at  180°,  much  AgaS  separating. 

The  analytical  data  obtained  were  : — 

I.  0-251  gram  gave  0'092  of  Ag. 
II.  0-3965         „         0  1875  of  AgCl. 
III.  0-263  „         0-4157  of  BaSOi. 

These  numbers  agree  with  the  formula  (C 8^2114)2 AgCl. 
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Theory.  Experiment. 

Ag.... .36-54  36-65 

CI 12-01  11-69 

S 21-65  21-73 

This  is  identical  with  the  substance  obtained  bj  Yolhard  (J.  pr, 
Chem.  [2],  9,  14). 

ISTo  evidence  was  obtained  of  the  formation  of  a  1  :  1-compound. 

Silver  Iodide  and  Thiourea. 

Silver  iodide  is  not  nearly  so  soluble  in  hot  alcoholic  solution  of 
thiourea  as  the  bromide  or  chloride.  The  iodide  is  speedily  whitened 
by  thiourea,  as  in  the  catie  of  the  bromide,  and  forms  a  clotted  mass, 
very  little  of  which  dissolves.  Hence,  in  a  large  experiment,  the 
iodide  precipitated  from  17  grams  of  nitrate  was  added  gradually  to 
a  boiling  alcoholic  solution  of  30-4  grams  of  thiourea.  At  first 
solution  took  place,  but  only  an  inconsiderable  proportion  of  the  iodide 
ultimately  dissolved  ;  the  liquid  was  then  filtered  and  allowed  to  stand 
for  three  days,  when  a  white,  crystalline  precipitate  was  obtained, 
which  was  washed  with  alcohol  and  dried  for  analysis  : — 

I.  0'5748  gram  gave  0-4205  Agl  for  Ag. 
II.  0-3947  „  0-2875  Agl  for  I. 

III.  0-409  „  0-1362  Ag  reduced  by  H. 

These  numbers  indicated  that  the  compound  was  CSNoH4,AgI  in  a 
partially  purified  condition,  but  further  washing  led  to  decom- 
position. 

Experiment. 


Theory.  I.  II.  III. 

Ag 34-70  33-61         —         3331 

I  40-83  —         39-34         — 

It  may  be  that  the  compound  (CSN2H4)2,AgI  exists  in  the  hot 
solution,  but  that  decomposition  takes  place  on  cooling,  resulting  in 
the  separation  of  the  1  : 1-product,  retaining  a  small  proportion  of  the 
compound  richer  in  thiourea ;  but  in  none  of  the  experiments  has  a 
substance  been  obtained  which  even  approached  the  1  :  2-compound 
in  composition,  though  Mr.  Werner,  who  rendered  much  assistance  in 
this  work,  spared  no  trouble  in  attempts  to  prepare  such  a  compound 
in  the  solid  state. 

Silver  Cyanide  and  Thiourea. 

Silver  cyanide,  recently  precipitated  from  17  grams  of  the  nitrate, 
was  treated,  as  in  the  other  cases,  with  warm  alcoholic  solution  of 
VOL.  Lxr.  U 
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30'4  grains  of  thiourea.  The  cyanide  dissolved  completely,  but  the 
solution  had  to  he  cautiously  evaporated  at  a  low  temperature  before 
small  crystals  separated.  The  crop  was  collected,  washed  with 
alcohol,  and  dried  at  a  low  temperature,  as  they  decomposed  in  the 
steam-bath.  The  perfectly  dry  crystals  discolour  at  115°  and  afford 
a  black  liquid  at  126°  (sharply). 

0-7695  gram  gave  0-29  of  Ag. 
0-4360         „  0717  of  BslSO,. 

These  data  agree  with  the  formula  (CS]S'2H4)2AgCN. 

Theory.  Experiment. 

Ag 37-70  87-68 

S 22-37  22-60 

In  this  instance,  as  in  that  of  silver  chloride,  a  1  :  1-componnd 
has  not  been  obtained. 

All  the  foregoing  substances  agree  in  readily  affording  silver 
sulphide  when  heated  to  a  few  degrees  beyond  the  respective  melting 
points,  or  even  before  melting,  as  in  the  case  of  the  silver  cyanide 
compound  just  described.  Moreover,  treatment  with  weak  alkalis 
tends  to  cause  change  in  the  same  direction,  just  as  the  action  of  an 
alkali  easily  separates  mercaptan  from  the  compound  of  thiourea  with 
ethyl  bromide  and  iodide.  In  the  latter,  the  alkyl  group  is  attached 
to  sulphur,  and  the  silver  haloid  compounds  of  thiourea  are  probably 
similar  in  structure. 

University  Laboratory, 

Trinity  College,  Dublin. 
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XXI. — A  Pure  Fermentation  of  Mannitol  and  Dulcitol. 

By  Peecy  F.  Feankland,  Ph.D.,  B.Sc,  F.R.S.,  and  Wm.  Feew, 

F.C.S. 

We  have  in  previous  communications  shown  that  dulcitol  offers  far 
more  resistance  to  fermentation  than  does  its  isomer  mannitol ;  thus 
the  former  is  attacked  neither  by  the  Bacillus  ethaceticus  ("  On  a 
Pure  Fermentation  of  Mannite  and  Glycerin,"  by  P.  F.  Frankland 
and  J.  Fox,  Proc.  Uoy.  Soc,  46,  345),  nor  by  the  well-known 
Pneumococcus  of  Friedliinder,  which  readily  ferments  mannitol 
(P.  F.  Frankland,  Frew,  and  Stanley,  Trans.,  1891,  59,  253).      In 
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fact,  as  far  as  we  are  aware,  no  fermentative  decomposition  of  dulcitol 
has  hitherto  been  submitted  to  careful  examination.  The  only  re- 
corded fermentation  of  dulcitol  was  obtained  by  Berthelot  with  putrid 
cheese  (Ann.  Chim.  Fhys.  [3],  50,  348),  the  products  being  alcohol 
butyric  acid,  and  lactic  acid. 

The  organism  endowed  with  the  power  of  fermenting  dulcitol  we 
were  fortunate  enough  to  discover  by  accident  in  a  solution  of  ferric  am- 
monium citrate,  prepared  for  photographic  purposes,  and  which,  after 
standing  for  a  period  of  4 — 6  weeks,  was  in  such  a  vigorous  state  of 
fermentation  that  it  had  caused  the  expulsion  of  the  cork  from  the 
bottle  which  contained  it.  From  this  fermenting  liquid,  inoculations 
were  made  into  sterile  solutions  of  glucose,*  and  of  calcium  citrate,  in 
both  of  which  mediaf  fermentation  was  established.  Sterile  dulcitol 
tubes  were  inoculated  from  the  fermenting  glucose  solution,  and,  on 
soon  exhibiting  vigorous  fermentation,  were  submitted  to  gela- 
tin-plate cultivation.  From  the  resulting  colonies  similar  dulcitol 
tubes  were  inoculated,  but  in  no  case  did  fermentation  ensue.  Think- 
ing that  the  fermentative  power  of  the  organism  had  possibly  been 
weakened  through  cultivation  on  gelatin,  we  adopted  a  method  which 
our  experience  had  shown  to  be  successful  in  reviving  this  power, 
and  which  consisted  in  inoculating  from  the  colony  into  tubes  con- 
taining sterile  dulcitol  solution  to  which  10  per  cent,  of  peptone 
broth  had  been  added  to  increase  the  nutritive  value  of  the  liquid. 
These  dulcitol  broth  tubes  inoculated  from  colonies  entered  into 
vigorous  fermentation,  and  on  inoculating  from  these  into  tubes  con- 
taining ordinary  dulcitol  solution,  the  latter  was  induced  to  ferment 
also.  The  greater  facility  with  which  the  mannitol  is  fermentable 
was  exhibited  by  the  fact  that  inoculations  from  colonies  into  ordinary 
mannitol  solution  caused  the  fermentation  of  the  latter  without  the 
intervention  of  a  culture  in  mannitol  broth.  From  these  dulcitol  and 
mannitol  solutions,  the  fermentation,  the  purity  of  which  was 
guaranteed  through  the  organisms  tracing  their  descent  from  a  single 

*  Glucose 30  grams  t 

Peptone 1      „      >■  diluted  to  1000  c.c.  with  distilled  water. 

Salt  solution 100  c.c.       J 

The  solutions  which  we  employ  for  fermentation  are  made  up  on  the  above  type ; 
thus  the  calcium  citrate  solution  referred  to  would  have  30  grams  of  this  salt  per 
litre  instead  of  the  glucose.     The  salt  solution  mentioned  consists  of — 

Potassium  phosphate 5  '00  grams "] 

Magnesium  sulphate  (cryst.)  ....      1  -GO       „      I  ^^l;^.^^i<^«  ^^00  c.c,  with 


Magnesium  sulphate  (cryst.) 

Calcium  chloride  (fused) 0  '50 


J       distilled  water. 


t  We  have  not  yet  determined  whether  the  calcium  citrate  was  fermented  by  the 
same  organism  as  that  which  causes  the  fermentation  of  the  dulcitol  and  mannitol, 
which  is  the  subject  of  the  present  communication. 

u  2 
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colony  on  the  gelatin  plate,  was  propagated  indefinitely  from  tube  to 
tube.  Tbe  morphological  characters  of  the  microorganism  inducing 
the  fermentations  in  question  are  described  in  the  Appendix  by  Mrs. 
Percy  Frankland. 

Fermentations  of  Dulcitol  and  Mannitol.     Series  I. 

Two  flasks  of  rather  more  than  1  litre  capacity  received  the  follow- 
ing solutions  respectively : — 

Dulcitol. 

Dulcitol 15-00  grams ^ 

Peptone    0"75       ,,       I  diluted  with  distilled 

Calcium  carbonate.  ...         7*5         „        |       water  to  750  c.c. 


Salt  solution 75  c.c. 

Mannitol. 
Mannitol 15*00  grams 


&-■ 


I 


Peptone 075      ,,        I  diluted  with  distilled 

Calcium  carbonate. .  . .         7'5 
Salt  solution 75  c.c. 


Calcium  carbonate. .  . .        7'5        „        (      water  to  750  c.c 


These  flasks  containing  the  liquid  were  plugged  with  sterile  cotton- 
wool, and  sterilised  in  the  ordinary  way  by  steaming  for  one  hour  on 
three  successive  days.  Both  liquids  were  then  inoculated  from  one 
and  the  same  pure  culture  (in  dulcitol  solution)  of  nine  days  age  and 
ia  vigorous  fermentation.  They  were  then  placed  in  the  incubator 
maintained  at  a  temperature  of  about  38°.  The  dulcitol  flask  com- 
menced fermenting  on  the  following,  and  the  mannitol  flask  on  the 
second,  day  after  inoculation.  In  both  cases,  the  fermentation  was 
practically  finished  on  the  37th  day,  but  the  dulcitol  recommenced 
again  faintly  on  the  44th  day,  and  both  flasks  were  removed  from 
the  incubator  and  submitted  to  examination  on  the  49th  day. 

Examination  of  Dulcitol  Fermentation  Products. — The  fermented 
liquid  was  distilled  down  until  a  few  drops  of  the  distillate  gave  no 
iodoform  reaction  (Lieben).  The  alcoholic  distillate  was  then 
oxidised  with  potassium  dichromate  and  sulphuric  acid,  and  the 
excess  of  oxidising  agent  subsequently  reduced  by  zinc  and  sulphuric 
acid,  after  which  the  volatile  acids  produced  were  distilled  and  con- 
verted into  barium  salts  as  already  described  (Trans.,  1891,  59,  81). 
The  barium  salts  dried  at  130°  amounted  to  10"6670  grams,  of  which 
0-589  gram  yielded  0-5375  gram  BaS04  or  91-26  per  cent.,  pure 
barium  acetate,  yielding  91*37  per  cent.  BaSOi. 

The  10-6670  grams  of  barium  salt  are  thus  equivalent  to  3*849  grams 
of  ethyl  alcohol. 
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After  the  alcohol  had  been  distilled  off  as  above,  the  residue  was 
treated  with  normal  hydrochloric  acid,  of  which  150  c.c.  were  re- 
quired to  neutralise  the  7*5  grams  of  calcium  carbonate  originally 
placed  in  the  flask.  125  c.c.  were  in  the  first  instance  added,  and  the 
volatile  acids  distilled  off,  and  converted  into  barium  salts  in  the 
usual  way.     The  following  fractions,  dried  at  130°,  were  obtained  : — 

Fraction  1,  0*9483  gram  of  barium  salt. 

0-3735  gram  yielded  0-3375  gram  BaSO^  =  90-36  per  cent. 
0-2875      „  „       0-2595     „  „       =  90-26       „ 

Fraction  II,  0*5675  gram  of  barium  salt. 

0-185  gram  yielded  0*16775  gram  BaSOi  =  90*68  per  cent. 


0-267      „  „       0-24225     „  „       =  90-73 


5J 


35  c.c.  of  the  normal  acid  were  now  added,  and  the  following  frac- 
tion obtained : — 

Fraction  III,  0'542  gram  of  barium  salt,  yielding  0'4935  gram  BaSOi 
=  91-05  per  cent. 

The  total  amount  of  barium  salts  was  thus  2*0578  grams,  and  as, 
from  the  above  analyses,  it  is  seen  to  consist  almost  exclusively  of 
acetate,  it  may  be  taken  as  equivalent  to  0-9684  gram  of  acetic  acid. 

The  liquid  left  after  distilling  off  the  volatile  acids  contained,  as 
usual  in  these  fermentations,  a  small  amount  of  brown,  flocculent, 
insoluble  matter,  which,  when  dried  at  105°,  weighed  0-1710  gram. 
The  filtrate  from  this  was  repeatedly  shaken  out  with  ether  (no  less 
than  40  times),  and,  on  evaporation,  this  yielded  0-973  gram  of 
residue,  which  was  nearly  pure  succinic  acid  melting  at  179°. 

After  extracting  with  ether  as  above,  there  Avas  further  recovered 
from  the  liquid  some  material  insoluble  in  alcohol,  and  weighing 
0-5939  gram  (dried  at  100°).  This  was  found  to  consist  of  calcium 
succinate  (representing  the  succinic  acid  which  had  failed  to  be  ex- 
tracted with  ether),  and  corresponds  to  0'4022  gram  of  succinic  acid, 
so  that  the  total  amount  of  the  latter  found  was  0-9730  +  0-4022 
=  1*3752  grams. 

After  removing  the  calcium  with  the  calculated  amount  of  sulph- 
uric acid,  and  getting  rid  of  the  hydrochloric  acid,  there  remained 
only  1*67  grams  of  residue.  Its  limited  amount  and  the  partial  de- 
composition which  it  had  undergone  prevented  its  more  detailed 
examination.  It  is,  however,  obvious  that  the  fermentation  was 
complete  or  nearly  so,  as  otherwise  the  unaltered  dulcitol  would  have 
been  obtained  here. 

Examination  of  Mannitol  Fermentation  Products. — The  examination 
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of  tliese  products  was  carried  out  in  the  same  manner  as  for  the 
dulcitol  above. 

The  alcohol  distillate,  on  oxidation,  yielded  9*6865  grams  of  barium 
salt,  which,  on  analysis,  proved  to  be  pure  barium  acetate,  since 
0-6850  gram  of  the  salt,  dried  at  130°,  gave  0*6242  gram  BaSOi  = 
91*12  per  cent.,  the  theory  for  barium  acetate  being  91*37  per  cent. 
BaSOi. 

These  9*6865  grams  of  barium  acetate  are  equivalent  to  3*495  grams 
of  ethyl  alcohol. 

In  the  distillation  of  the  volatile  acids,  the  following  fractions  of 
barium  salts  were  obtained : — 

Fraction  I  consisted  of  2*340  grams  of  barium  salt,  dried  at  130°,  of 
which  : — 

I.  0*4578  gram  yielded  0*4165  gram  BaSOi  =  90*98  per  cent. 
II.  0-4155      „  „       0*3780      „         „       =  90*97 

Fraction  II  consisted  of  1*7472  grams  of  barium  salt  dried  at  130°, 
of  which  : — 

I.  0'3370  gram  yielded  0*3070  gramBaSOi  =  91*10  per  cent. 
II.  0-2325  „  0*2120      „        „       =  91*18 

Fraction  III  consisted  of  0*10825  gram  of  barium  salt,  dried  at  130°, 
which  yielded  0*0955  gram  BaS04  =  88*22  per  cent. 

The  first  two  fractions  were  thus  practically  pure  acetate,  whilst 
the  third  very  small  fraction  was  somewhat  impure,  as  is  generally 
the  case  at  the  end  of  the  distillation  for  volatile  acids.  The  total 
amount  of  barium  salts,  4*19545  grams,  may  thus  be  taken  as  equiva- 
lent to  1*9743  gram  of  acetic  acid. 

After  removal  of  the  volatile  acids,  there  was  obtained,  as  usual, 
some  brown,  flocculent  organic  matter  insoluble  in  hydrochloric  acid, 
and  amounting  to  0*0870  gram  (dried  at  100 — 105°). 

In  the  extraction  with  ether  (which  was  repeated  no  less  than 
40  times),  there  was  obtained  1*858  grams  of  succinic  acid  melting  at 
180°,  whilst  0*4285  gram  of  calcium  succinate,  equivalent  to  0*2906 
gram  of  succinic  acid,  was  subsequently  recovered  from  the  solution 
by  precipitation  with  alcohol.  Thus,  in  all,  1*8580  +  0*2906  =  2*1486 
grams  of  succinic  acid  were  obtained. 

Finally,  after  removal  of  the  calcium  chloride  by  precipitating  with 
a  calculated  amount  of  sulphuric  acid  in  alcoholic  solution,  a  residue 
weighing  1*44  gram  was  left,  the  nature  of  which  could  not  be 
ascertained. 

The  results  obtained  in  the  two  fermentations  may  be  thus  sum- 
marised :  — 
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15  grams  Dulcitol  yielded  15  grams  Mannitol  yielded 

Ethyl  alcoliol 3*849    grams  3-495    grams. 

Acetic  acid 0-9684       „  1-9743       „ 

Succinic  acid 1*3752       „  2-1486 

Residue   left    after 

fermentation  .  . .      1-67  ,,  1*44  ,, 

or  the  following  molecular  proportions  : — 

CsHeO 0-0837  0-0760 

C2H4O2 001614  0-0329 

CJIeOi 0-0117  0-0182 

Fermentation  of  Dulcitol  and  Mannitol.     Series  II. 

Having,  in  the  first  series  of  experiments,  ascertained  the  principal 
products  to  which  this  fermentation  gives  rise,  we,  in  the  next  instance, 
arranged  the  experiments  so  that  the  gaseous  products  could  be  also 
examined.  For  this  purpose  the  fermentations  were  carried  on  in 
bottles  provided  with  corks  and  delivery  tubes  opening  under  mer- 
cury (as  described  in  "  Fermentations  induced  by  the  Fneumococcus 
of  Friedlander,"  Trans.,  1891,  59,  260). 

The  fermentations  of  both  dulcitol  and  mannitol  were  conducted  in 
duplicate.     The  four  bottles  were  charged  as  follows  : — ■ 

Dulcitol  I. 

Dulcitol 8-0  grams. 

Peptone 0-4       ,, 

Calcium  carbonate     4-0       ,, 
Salt  solution   ....      40  c.c. 

Diluted  with  distilled 
water  to  400  c.c. 

Mannitol  I. 

Mannitol 8-6    grams 

Peptone 0*43      „ 

Calcium  carbonate     4-3        „ 

Salt  solution 43  c.c. 

Diluted  with  distilled 
water  to  430  c.c. 

These  four  solutions  were  all  inoculated  with  the  same  pure  culture 
of  the  organism,  a  cultivation  in  dulcitol  solution  of  five  days  age  and 
in  a  vigorous  state  of  fermentation  at  the  time.  The  bottles  com- 
menced fermenting  on  the  third  day  after  inoculation. 

The  Fermentation  Gases. — We  will,  in  the  first  instance,  take  into 
consideration  the  volume  and  composition  of  the  gases  evolved  in  the 


Dulcitol  II. 

8-0  grams. 

0-4      „ 

4-0      „ 

40  c.c. 

Diluted  with  distilled 

water  to  400  c.c. 

Mannitol  II. 

8*0  grams 

0-4      „ 

4-0      „ 

40  c.c. 

Diluted  with  distilled 

water  to  400  c.c. 
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four  fermentations.  In  these  experiments  we  endeavoured  to  main- 
tain the  level  of  mercury  in  the  pneumatic  trough  constant,  so  that 
the  pressure  under  which  the  fermentations  took  place  should  be  as 
uniform  as  possible.  The  volume  of  the  gases  evolved  was  measured, 
and  in  each  case  reduced  to  0°  and  760  mm. 

Voluine  of-  Gas  evolved  in  FerTuentation. 


Total  gas  in  c.c. 

Days  after 

inoculation. 

Dulcitol  I. 

Dulcitol  II. 

Mannitol  I. 

Mannitol  II. 

3 

36-6 

34-0 

38-8 

28-8 

5 

— 

— 

— 

134-5 

6 

107-6 

101-4 

142-8 

159-6 

9 

— 

— 

— 

258-5 

10 

209-1 

192-7 

244-1 

— 

13 

— 

— 

— 

377-6 

14 

— 

— 

— 

400-3 

15 

312-8 

— 

342-4 

— 

16 

— 

284-1 

— 

— 

18 



— 

— 

500-3 

20 

389-8 

346-6 

— 

— 

22 

— 

— 

461-2 

— 

24 

478-5 

— 

— 

— 

26 

— 

440-3 

_ 

— 

27 

— 

— 

544-2 

586-9 

30 



— 

657  -4 

— 

33 

595-2 

— 

— 

— 

34 

621-9 

506-2 

740-6 

— 

38 

— 

— 

776-8 

— 

39 

— 

— 

801-5 

— 

40 



— 

820-9 



41 



— 

834-7 

687-8 

47 

714-0 

— 

— 

— 

50 

— 

531-0 

956-9 

— 

57 

— 

— 

1077  -4 

— 

61 

817-5 

648  -6 

— 

799-2 

64 



■ — 

1169  -6 

— 

73 

894-4 

72U-9 

1273  -8 

873-4 

80 



— 

1367  -4 

— 

85 

951-1 

746-7 

1418  -7 

933-3 

¥rom  the  above  it  will  be  seen  that  the  evolution  of  gas  continued 
over  a  period  of  85  days  from  tbe  date  of  inoculation,  and  that  whilst 
the  volumes  given  off  from  the  solutions  Dulcitol  I,  Dulcitol  II,  and 
Mannitol  II  w^ere  approximately  equal,  that  from  Mannitol  I  was  very 
considerably  in  excess,  even  after  making  due  allowance  for  the  fact 
that  in  the  latter  8-6  grams  of  mannitol  were  employed,  whilst  in  the 
other  three  experiments  only  8  grams  of  mannitol  and  dulcitol  re- 
spectively were  used.  Thus,  reducing  the  volume  of  gas  from  Man- 
nitol I  in  the  proportion  of  8*6  :  8-0,  we  still  have  1319-7  c.c,  which 
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is  a  much  larger  volume  than  was  obtained  in  the  other  three 
experiments.  The  evolutioa  of  gas  in  these  four  parallel  experi- 
ments is  most  conveniently  followed  by  means  of  the  accompanying 
diagrams,  in  which  the  ordinates  represent  volume  of  gas,  and  the 
abscissae  lapse  of  time  after  inoculation. 

DULCITOL  I. 
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DULCITOL    II. 
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^    300  f 


20  40  60 
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80 


Mannitol  I. 
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Mannitol  II. 


' 

□ 
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• 

'^ 

— 
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o 
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-> 

o 
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Samples  of  the  gas  evolved  at  different  stages  of  each  fermentation 
were  submitted  to  careful  analysis  with  the  following  results  : — ■ 


Composition  of  Gas  Evolved  in  Fermentation  of  Dulcitol  I. 


Days  after  inoculation. 

Mean  of  Analyses 
II,  III,  and  IV. 

I. 
2—5  days. 

II. 

14—19  days. 

III. 
33—46  days. 

IV. 
72—84  days. 

C02.. 

0.... 
H.... 
N.... 

26-94 

0-50 

44-56 

28-00 

51-19 
0-09 

48-25 
0-47 

56-81 
0-00 

43-04 
0-15 

59-84 
0-14 

39-78 
0-24 

55-95 
0-07 

43-69 
0-29 

100-00 

100  -00 

100  -00 

100  -00 

100 -00 

Composition 

of  Gas  Evolved  in  Fermentation  of  Dulcitol  II. 

Days  after  inoculation. 

Mean  of  Analyses 
II,  III,  and  IV. 

I. 
2 — 5  days. 

II. 
15—19  clays. 

III. 
33—49  days. 

IV. 

72—84  days. 

CO2.. 
0.... 
H.... 

N.... 

27-93 
0-24 

45  -75 
26-08 

52-16 
0-08 

47-59 
0-17 

54-85 
0-07 

44-92 
0-16 

50-87 
49-13 

52-63 
0-08 

47-21 
0-08 

100  -00 

100  -00 

100  -00 

100  -00 

IOj  -00 

i 
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Composition  of  Gas  Evolved  in  Fermentation  of  Mannitol  I. 


Days  after  inoculation. 

I. 
2-5 
days. 

II. 

9—14 
days. 

III. 

26—29 
days. 

IV. 

37—38 
days. 

Y. 

39—40 
days. 

YI. 

40—49 
days. 

Vli. 

72—79 

days. 

Analyses 
II— YII. 

C02 

0.. 
H.. 

N.. 

33-78 

0-02 

52-93 

13-27 

100  -00 

56-50 
0-25 

42-94 
0-31 

57-95 
0-22 

41*76 
0-07 

56-02 
0-08 

43-79 
0-11 

55-30 
0-33 

44-20 
0-17 

52-46 
0-05 

47-24 
0-25 

53-91 

46-09 

55-36 
0-16 

44-34 
0-14 

100-00 

100-00 

100  -00 

100-00 

100-00 

100  -00 

100  -00 

Composition  of  Gas  Evolved  in  Fermentation  of  Mannitol  II. 


Days  after 

inoculation. 

Mean  of  Analyses 
II— lY. 

I. 

4 — 5  days. 

II. 
12—13  days. 

III. 
26—40  days. 

lY. 

72—84  days. 

COo.. 

0.:.. 

H.... 
N.... 

44-69 
0-00 

54-37 
0-94 

55-74 
0-04 

44-10 
0-12 

62-38 
37-62 

60-75 
39-25 

59-63 
0-01 

40-32 
0-04 

100-00 

100 -00 

100 -00 

100  -00 

100-00 

From  these  analyses,  it  will  be  seen  that  the  composition  of  the 
gases  in  Mannitol  I  and  in  the  two  dulcitol  fermentations  is  very 
similar,  whilst  in  the  case  of  Mannitol  II  there  is  a  decided  excess  of 
carbonic  anhydride,  and  a  deficiency  of  hydrogen,  as  compared  with 
the  others.  A  further  reference  to  these  differences  will  be  made 
later  on  (see  p.  270). 

In  the  next  place,  it  becomes  necessary  to  determine  the  quanti- 
ties of  carbonic  anhydride  and  hydrogen  evolved  in  each  of  the 
fermentations.  This  can,  of  course,  be  only  approximately  done,  as 
we  are  not  acquainted  with  the  composition  of  the  gas  at  every  stage 
of  the  fermentation,  but  only  at  intervals.  We  have,  therefore,  in 
each  case  taken  the  mean  of  the  analyses,  neglecting  only  the  first  one 
of  each  series,  as  in  these  there  was  invariably  some  residual  air 
from  the  fermenting  bottle.     Calculating,  then,  the  total  volume  in 
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each    case    as    of    the  composition  indicated  hy   the    average  of  the 
analyses,  we  obtain  the  following  results  : — 


CO2. 

H. 

Dulcitol     I  . 

.      951-1  c.c, 

containing 

532-1  c.c. 

415-5  c.c. 

5J 

•                              55 

55 

1-0489  gram 

00372  gram. 

Dulcitol   II  . 

.      746-7  c.c. 

55 

393-0  c.c. 

352-5  c.c. 

5  J                              • 

55 

55 

0-7747  gram 

0-0.316  gram. 

Mannitol    I   . 

.      1418-7  c.c 

55 

785-4  c.c. 

629-1  c.c. 

53                               • 

55 

55 

1-5482  gram 

0-0564  gram. 

Mannitol  II  . 

.      9333  c.c. 

35 

556-5  c.c. 

376-3  c.c. 

55 

•                                 55 

35 

1-0970  gram 

0-0337  gram. 

As  the  methods  employed  in  the  examination  of  the  fermented 
liquids  were  in  the  main  similar  to  those  described  above,  it  will  be 
only  necessary  to  mention  any  points  of  departure  from  them. 

Dulcitol  I. — The  alcohol  distillate  gave  on  oxidation,  &c., 

2'8015  grams  of  barium  salts,  dried  at  130°,  of  which  0-601  gram 
yielded  0-5473  gram  BaSOi  =  91-06  per  cent.  BaSOi.  These 
barium  salts,  therefore,  correspond  to  1-011  gram  of  ethyl 
alcohol. 

The  volatile  acids  gave  1-000  gram  of  barium  salt,  dried  afc  130"",  of 
which 

"  0-2058  gram  yielded  0-19525  gram  BaSOi  =  94*87  per  cent. 
0-1700  „  0-16150  „  =  95-00 


Mean 94-94         „ 

These  barium  salts,  therefore,  correspond  to 

0-1284  gram  formic  acid 
0*3215       ,,     acetic     ,, 

By  subsequent  extraction  with  ether  (in  which  we  made  use  of  the 
very  convenient  continuous  apparatus  of  Schwarz  for  the  extraction 
of  liquids,  described  under  "  Extraction  "  in  Thorpe's  Dictionary  of 
Applied  Chemistry,  p.  96),  there  was  obtained  0-264  gram  of  succinic 
acid  melting  at  178". 

Dulcitol  II  similarly  gave 

2*2175  grams  of  barium  salts,  dried  at  180°,  of  which  0-3748  gram 
yielded  0-3415  gram  BaS04  —  91-11  per  cent.  BaSO^,  thus 
corresponding  to  0-800  gram  of  ethyl  alcohol. 

The  volatile  acids  gave  0-7825  gram  of  barium  salt  dried  at  130°, 
of  which 
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0-1762  gram  yielded  0-1660  gram  BaSO^  =  94-21  per  cent. 
0-1945  „  0-1830  „  =  94-09 


Mean  ....      94-15 


corresponding  to 


0*078  gram  of  formic  acid, 
0-277       „        acetic      „ 


0-1715  gram  of  succinic  acid  melting  at  180^  was  similarly  ob- 
tained. 

After  extracting  with  ether  as  above,  the  liquids  from  Dalcitol  I  and 
II  were  evaporated  to  dryness,  and  the  residues  found  to  be  crystalline 
and  free  from  gummy  matter.  These  residues  were,  in  the  first  in- 
stance, extracted  with  alcohol  (about  93  per  cent.),  made  strongly  acid 
with  hydrochloric  acid  to  liberate  any  traces  of  succinic  acid  which 
might  be  present  as  calcium  succinate,  and  subsequently  washed  with 
alcohol  to  rid  the  insoluble  residue  of  hydrochloric  acid.  The  residue, 
which  was  a  white  powder,  was  dried  at  100°  and  weighed.  The  alco- 
holic filtrate  also  deposited  some  more  of  this  white  powder.  Of  this 
white  residue,  nearly  insoluble  in  alcohol,  there  were  obtained 
from 

Dulcitol  I,  7-3695  grams. 

On  analysis,  it  yielded  the  following  results  : — 

I.  0-3083  gram  gave  0-0565  gram  CaO  =  13-10  per  cent.  Ca. 
II.  0-2475  „         0-2327      „      AgCl  =  23-31       „        CI. 

III.  0*1713  gram,  on  combustion  with  lead  chromate  in  a  closed 
tube,  gave  0-083  gram  OH2  and  0*1548  gram  CO2  =  5*37 
per  cent.  H  and  24-64  per  cent.  C. 

Dulcitol  II,  8-7755  grams. 

On  analysis,  this  yielded  the  following  results  : — • 

I.  0-3935  gram  gave  0-0760  gram  CaO    =  13-80  per  cent.  Ca. 
II.  0-3590  „         0-0687  „  =  13-68       „  Ca. 

III.  0-2670  „  0-2597  gram  AgCl  =  24-12       „  CI. 

IV.  0-3180  „         0-3085  „  =  24-06       „         CI. 

Y.  0-3060  „  on  combustion  with  CuO,  0-1337  gram  OH2 

and  0-2665  gram  CO2  =  4-86  per  cent.  H  and  23-76  per 
cent.  C.  (In  this  combustion  the  carbon  was  certainly 
low,  as  a  minute  quantity  was  visible  in  the  boat  at  the  end, 
and  could  not  be  burnt  off.) 
YI.  0-213  gram,  on  combustion  with  chromate  of  lead  in  a  closed 
tube,  gave  0*101  gram  OH2  and  0*1907  gram  CO2  =  5*26 
per  cent.  H  and  24*41  per  cent.  C. 
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The  above  analytical  figures  of  both  these  dulcitol  residues  corre- 
spond very  closely  with  the  theoretical  for  a  molecular  compound  of 
dulcitol  and  calcium  chloride  : — 

Dulcitol  Residue  II. 


c . 

Dulcitol  Residue  T. 

I. 
. . .      24-64 

I. 
23-76 

""     ll? 
24-41 

CfiHHOcCaCl 

24-57 

H. 

5-37 

4-86 

5-26 

4-78 

0  . 

...      33-58 

33-46 

32-59 

32  77 

Ca 

.  . .      13-10 

13-80 

13-68 

13-65 

01. 

...      23-31 

24-12 

24-06 

24-23 

100-00  100-00  100-00  100-00 

That  the  calcium  chloride  in  these  residues  is  not  present  in  the  free 
state  is  clearly  shown  by  the  fact  that  these  residues  are  not  deliques- 
cent. The  compound  appears  to  be  decomposed  by  water,  for,  on 
dissolving  in  water  and  adding  a  large  excess  of  alcohol,  a  substance 
crystallised  out  which  was  practically  free  from  calcium  and  chlorine, 
and  which  was  presumably  pure  dulcitol. 

The  compound  of  dulcitol  and  calcium  chloride  was  obtained 
pure  by  extraction  in  a  Soxhlet  tube  with  alcohol  for  many  days, 
and  the  white,  minutely  crystalline  substance  separating  from  the 
alcohol  was  dried  at  100°,  and  the  chlorine  determined  with  the 
following  result : — 

I.  0-1802  gram  substance  taken  yielded  0*1759  gram  AgCl,  corre- 
sponding to  24-24  per  cent.  CI. 
II.  0'1487  gram  substance  taken  yielded  0-1465  gram  AgCl,  corre- 
sponding to  24*44  per  cent.  CI. 

Similarly,  on  combustion  with  chromate  of  lead,  figures  for  carbon 
and  hydrogen  were  obtained  closely  harmonising  with  those  required 
for  the  compound  C6Hu06,CaCl2: — 

I.  0-2365  gram  substance  yielded  02152  gram  CO2  and  0'1075 
gram  H2O,  corresponding  to  C  24-82  per  cent.,  and  H  5-05 
per  cent. 
II.  0-2312  gram  substance  yielded  0*2107  gram  CO2  and  0-1033 
gram  H2O,  corresponding  to  C  24-85  per  cent.,  and  H  49 7 
per  cent. 

From  the  above  analytical  figures,  it  can  be  calculated  that  the 
Dulcitol  Residue  1  contained  4' 69  grams,  and  the  Dulcitol  Residue  II 
5*46  grams,  of  unaltered  dulcitol,  thus  : — 
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Dulcitol  Residue  I.  Dulcitol  Eesidue  II. 

(7  -3695  grains.)  (8  '7755  grams.) 

Ca 1310  13-74 

CI 23-31  24-09 

Dulcitol 63-59  =  4-69  grams.       62-17  =  5-46  grams. 


100-00  100-00 

From  this,  it  will  be  seen  that  less  than  half  of  the  dulcitol  em- 
ployed had  been  decomposed  by  fermentation  ;  we  therefore  examined 
this  residual  dulcitol  with  the  polarimeter,  thinking  that  possibly 
ordinary  dulcitol,  which  is  inactive,  might  be  composed  of  equal  mole- 
cules of  oppositely  active  dulcitols,  and  that  one  of  these  would  have 
been  attacked  in  the  fermentation  to  the  exclusion  of  the  other.  A 
10  per  cent,  solution  of  this  residual  dulcitol  compound,  however,  proved 
to  he  quite  inactive. 

In  the  alcoholic  liquid  obtained  in  extractiDg  the  above  dulcitol 
residue,  there  was  further  finally  found  a  quantity  of  organic  matter 
(doubtless  dulcitol  for  the  most  part)  which  amounted  to  0*6935  gram 
in  the  case  of  Dulcitol  I,  and  0*5825  gram  in  that  of  Dulcitol  II. 

We  must  now  turn  to  the  examination  of  the  fermented  mannitol 
solutions. 

Mannitol  I. 

The  alcohol  distillate  gave,  on  oxidation,  3*6105  grams  of  barium 
salts,  dried  at  130°,  of  which  0*5125  gram  yielded  0*4668  gram 
BaS04  =  91-08  per  cent.  BaSOi. 

This  barium  salt  is,  therefore,  barium  acetate,  and  corresponds  to 
1'3026  gram  of  ethyl  alcohol. 

The  volatile  acids  gave  0-9885  gram  of  barium  salts,  dried  at  130°, 
of  which 

0-18475  gram  yielded  0*1735  gram  BaSOi  =  93-91  per  cent. 
0-20600  „  0-1935  „  =  93-93 


Mean 93-92 

The  barium  salts  are  thus  equivalent  to 

Formic  acid,  0-091  gram, 
Acetic      ,,      0*360     „ 

or  0-479  gram  calculated  as  acetic  acid. 

Succinic  acid  was  obtained  by  the  ether  extraction  apparatus  (see 
p.  264)  to  the  amount  of  0*172  gram,  melting  at  182°.  A  further 
quantity  of  succinic  acid,  amounting  to  0*2468  gram,  was  obtained 
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as  below,  making  tlie  total  amount  recovered  from  this  fermentation 
0-4188  gram. 

Mafinitol  II. 
Similarly  2"859   grams   of  barium  salts  were   obtained,   of  which 
0-5265  gram  gave  0-4795  gram  BaS04  =  91-07  per  cent.  BaS04. 
This  barium  salt  is  thus  equivalent  to  1-0315  gram  of  ethyl  alcohol. 
The  volatile  acids  gave  1-3035  gram  of  barium  salts,  of  which 

0-1633  gram  yielded  0-1582  gram  BaSOi  =  96*88  per  cent. 
0-1942  „  0-1885  „  =  97-07 


Mean 96-98 

which  corresponds  to  a  mixture  of 

Formic  acid,  0*263  gram, 
Acetic      „     0-308      „ 

or  to  0-651  gram  calculated  as  acetic  acid. 

Of  succinic  acid,  there  was  similarly  obtained  0-1987  gram,  melting 
at  179°.  The  further  quantity  of  succinic  acid,  obtained  as  below, 
amounted  to  0*092  gram,  making  a  total  on  the  whole  fermentation  of 
0-2907  gram. 

After  extracting  with  ether,  as  above,  there  was  a  small  quantity 
of  a  calcium  salt  insoluble  in  alcjohol,  which  appeared  to  be  calcium 
succinate,  and  of  this 

Mannitol  I  yielded  0*3638  gram  of  this  calcium  succinate  =  0*2468 

gram  of  succinic  acid. 
Mannitol  II  yielded  0*1360  gram  of  this  calcium  succinate  =  0*902 

gram  of  succinic  acid. 

These  quantities  of  succinic  acid  have,  therefore,  been  added  to 
'those  obtained  by  ether  extraction  mentioned  above. 

The  alcoholic  filtrate  from  the  calcium  succinate  above  was  distilled 
to  free  it  from  alcohol,  and  then  potassium  carbonate  was  added 
slightly  in  excess  of  the  amount  required  to  completely  precipitate  all 
the  calcium.  The  calcium  carbonate  thus  precipitated  was  filtered 
off,  the  filtrate  evaporated,  dried  at  100°,  and  weighed.  This  residue 
would  consist  of  potassium  chloride,  potassium  carbonate,  and  any 
residual  mannitol  or  other  organic  matter  not  determined.  These 
residues  weighed  respectively  for 

Mannitol  I,  11*8093  grams. 

0*2628  gram  of  this  residue  gave,  on  ignition  with  sulphuric  acid, 
0-18825  gram  K3SO4  =  32-11  per  cent.  K  in  the  residue. 

Again,  0*28545  gram  gave  0-323  gram  AgCl  =  28'06  per  cent.  CI 
in  the  residue. 
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The  chlorine  found  requires  only  30'83  per  cent.  K,  so  that  the  re- 
maining 1'28  per  cent.  K  must  be  calculated  to  K3C03,OH2.  Thus, 
the  residue  has  the  following  compositiou : —  ? 


KCl 

K2C03,H20 

Residual  mannitol,  &c. 
(by  difference)    .... 


58-89 
2-56 


38-55  =  4-552  grams  residual 


100-00 


mannitol. 


Mannitol  II,  11-4785  grams. 

0-2455  gram  of  this  gave  0-1667  gram  K0SO4  =  30-43  per  cent.  K 

in  the  residue. 
Again,  0*2688  gram  gave  0-2883  gram  AgCl  =  26-60  per  cent.  CI. 

The  chlorine  found  requires   only  29-22  per  cent.  K,  so  that  the 
excess   of    1*21    per   cent.    K    must   be    calculated    to    K2C03,HoO, 

thus : — 


KCl 

K2C03,H20 

Residual  mannitol,  &c. 
(by  difference)  .... 


55-82 
2-42 

41-76 
10000 


4-793  grams  residual 
mannitol. 


Collecting  the  results  of  these  four  fermentations  (two  dulcitol  and 
two  mannitol),  we  have 


Dulcitol. 

Mannitol. 

I. 

II. 

I. 

II. 

Substance  employed  .... 
Ethvl  alcohol 

grams 

8-0 

1-011 

0-1284 

0-3215 

0-264 

1  -0489 

0  -0372 

5-3835 

2-6165 

grams 

8-0 

0-800 

0-078 

0-277 

0-1715 

0-7747 

0-0316 

6  -0425 

1  -9575 

grams 
8-6 
1  -3026 
0-091 
0-360 
0-4188 
1  -5482 
0  -0564 
4-552 
4  -0480 

grams 
8-0 
1  0315 

Formic  acid 

0  263 

0-308 

0-2907 

Carbonic  anhydride  .... 

1-0970 
0  -0337 

Eesidual  substance 

Substance  fermented. .  . . 

4  -793 
3  -2070 

In  considering  the  above  results,  it  must  be  borne  in  mind  that  a 
part  of  the  carbonic  anhydride  found  is  derived  from  the  decomposi- 
tion of  the  calcium  carbonate  by  the  formic,  acetic,  and  succinic  acids 
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set  free  in  tlie  fermentation.  The  amount  of  carbonic  anhydride 
from  this  source  can  be  calculated  from  the  quantities  of  these  acids 
which  were  determined,  and  which  are  recorded  in  the  above  sum- 
mary, thus  : — 


Dulcitol. 

Mannitol, 

• 

I. 

II. 

I. 

II. 

CO2  due  to  formic  acid. . 
„         acetic      „    . . 
,,         succinic  acid 
Total  CO2  due  to  second- 
ary  decomposition   of 
CaCOg 

grams 
0-0614 
0-1179 
0 -0984 

0  -2777 
0-7712 

grams 
0-0373 
0-1016 
0  -0640 

0  -2029 
0  -5718 

grams 
0  -0435 
0-1320 
0-1562 

0-3317 
1-2]  65 

grams 
0-1258 
0-1129 
0-1084 

0  -3471 

CO2  due  to  fermentation 

0  -7499 

H  :  CO2  (fermentation) 
Acetic   acid   :  alcohol 

::  1  :  20-73 
::1  :    3-14 

18  09 

2-89 

21-57 
3-62 

22-25 
3-35 

acetic  acid 
1  mol. 

:       alcohol 
:       4  mols. 

; 

acetic  acid 
2  mols. 

3 

:       alcohol 
:       9  mols. 

3-07 

45 

On  subtracting  the  carbonic  anhydride  due  to  decomposition  of 
calcium  carbonate  from  the  total  carbonic  anhydride  obtained,  the 
remainder  is  obviously  that  having  its  origin  in  the  fermentative 
decomposition  itself,  as  indicated  above.  Now  the  proportion  in  which 
this  fermentation  carbonic  anhydride  stands  to  the  hydrogen  evolved 
approximates,  in  the  case  of  the  two  dulcitol  fermentations,  and  is 
practically  identical,  in  the  case  of  the  two  mannitol  fermentations, 
to  CO2  :  H  : :  22  :  J,  which  is  the  proportion  of  equal  molecules, 

CO2  :  H2  =  22  :  1 
44        2 

which  is  also  the  proportion  of  carbonic  anhydride  to  hydrogen  in^ 
formic  acid  : — CH2O2  =002  +  Hg. 

Thus,  the  whole  evolution  of  gas  in  the  fermentation  may  be  re- 
ferred to  a  preliminary  production  of  formic  acid,  which,  subsequently 
undergoing  decomposition,  gives  rise  to  carbonic  anhydride  and 
hydrogen,  in  equal  volumes.  That  this  view  is  not  a  mere  theory, 
but  based  upon  experimental  evidence,  is  shown  by  the  fact  that,  in 
the  above  fermentations,  a  variable  proportion  of  the  formic  acid  in 
question  has  actually  escaped  decomposition,  and  so  we  have,  as  it 
were,  been  able  to  lay  hands  both  on  the  primary  product,  that  is. 
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formic  acid,  and  also  on  the  secondary  products,  carbonic  anliydride 
and  hydrogen.  Moreover,  it  is  evident  that  conducting  the  fermenta- 
tions in  a  closed  space,  as  in  the  case  of  these  gas-bottle  experiments, 
tends  to  prevent  the  decomposition  of  the  formic  acid.  Thus,  in  the 
fermentation  conducted  in  flasks  plugged  with  cotton  wool  (see 
pp.  256,  257),  there  was  practically  no  formic  acid  found  on  analysis, 
the  whole  of  the  volatile  acid  being  acetic  acid.  We  have,  moreover, 
found  the  same  difference  in  the  case  of  fermentations  conducted 
with  the  Bacillus  ethaceticus  and  with  Friedlander's  Pneumococcus  ; 
when  these  fermentations  were  carried  on  in  flasks  plugged  with 
cotton  wool,  there  was  little  or  no  formic  acid  discoverable,  whilst, 
when  the  same  fermentations  were  made  to  take  place  in  bottles  with 
delivery  tubes  dipping  into  a  mercury  bath,  there  was  in  every  case 
an  abundance  of  formic  along  with  the  acetic  acid. 

Whether  the  retardation  in  the  formic  acid  decomposition  is  due  to 
the  effect  of  the  complete  absence  of  oxygen  on  the  organism,  or  to 
the  higher  pressure  under  which  the  fermentation  takes  place  in 
consequence  of  the  delivery  tubes  dipping  under  mercury  in  the  gas 
experiments,  we  are  at  present  unable  to  say,  as  this  point  must  be 
made  the  subject  of  further  investigation. 

As  regards  the  relationship  existing  between  the  other  products  of 
these  fermentations,  it  will  be  seen — 

1.  That  the  formic  acid  and  alcohol  are  produced  in  the  proportion  of 
an  equal  number  of  molecules.  Thus,  adding  the  hydrogen  and  carbonic 
anhydride  (excluding  that  due  to  the  decomposition  of  calcium 
carbonate)  to  the  formic  acid  obtained  as  such,  we  have  in  the  four 
fermentations : — 


Dulcitol. 

Mannitol. 

I. 

II. 

I. 

II. 

Hs 

grams 
0  0372 
0  -7712 
0-1284 

grams 
0  -0316 
0-5718 
0 -0780 

grams 
0  -0564 
1-2165 
0  -0910 

grams 
0 -0337 

COo 

0 -7499 

CHoOn 

0-2630 

Total   

0-9368 

0-6814 

1  -3639 

1 -0466 

CsHgO 

1 -0110 

0  -8000 

1  -3026 

1 -0315 

Thus,  the  weights  of  formic  acid  and  alcohol  produced  are  approxi- 
mately equal,  and  since  their  molecular  weights  are  also  equal, 
CH2O2  =  46,  CoHeO  =  46,  they  are  present  in  molecular  proportion. 

The  greatest  discrepancy  occurs  in  the  case  of  the  fermentation 

X  2 
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Diilcitol  II,  in  which  we  have  already  seen  that  the  proportion  of 
CO2  :  H2  also  departed  most  from  that  of  22  :  1  by  weight.  The 
determination  of  carbonic  anhydride  in  these  experiments  is  neces- 
sarily attended  with  inaccuracy  in  consequence  of  its  solubility, 
whilst  the  hydrogen  determinations  are  entitled  to  be  regarded  as 
more  accurate,  both  because  of  its  insolubility,  and  also  on  account  of 
the  large  volume  corresponding  to  a  given  weight.  Now,  if  we  take 
the  hydrogen  figures  as  the  basis  of  our  calculations,  the  above 
relationship  is  still  more  conspicuous.  Thus,  if,  instead  of  taking  for 
carbonic  anhydride  the  actual  weights  obtained,  we  take  the  weights 
of  hydrogen  multiplied  by  22,  we  have  : — 


Dulcitol. 

Mannitol. 

I. 

II. 

I. 

n.       1 

Ho 

grams 
0  -0372 
0  -8184 
0  -1284 

grams 
0  -0316 
0  -6952 
0 -0780 

grams 
0 -0564 
1 -2408 
0  -0910 

grams 
0  0337 

COo  =  (H2  X  22) 

CHoOo 

0  -7414 
0  -2630 

Total 

0-9840 

0-8048 

1  -3882 

1  -0381 

CoHgO 

1 -0110 

0  -8000 

1  -3026 

1  -0315 

2.  The  proportion  of  acetic  acid  to  alcohol,  is  less  constant  being 


for 


Dulcitol. 


Mannitol. 


II. 


II. 


I  :  314         1  :  2-89  1  :  3-62         1  :  335 

These  relationships  correspond,  however,  approximately  to  1  mol.  oi 
acetic  acid  to  4  mols.  of  alcohol  in  the  case  of  the  dulcitol  fermenta- 
tions— 

C2H4O0      :     4C2H6O 

(60)  4(46) 

1  :         3-07 

Whilst  the  relationship  in  the  case  of  the  mannitol  fermentations 
approximates  more  closely  to  that  subsisting  between  2  mols.  ol 
acetic  acid  and  9  mols.  of  alcohol — 


2C2H402 

•     9C2H6O 

2(60) 

9(46) 

120 

414 

1          : 

3-45 
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3.  The  relationship  between  the  succinic  acid  and  the  other  pro- 
ducts is  more  difficult  to  ascertain,  as  the  error  on  the  quantitative 
determination  of  such  a  small  absolute  amount  of  this  substance  is 
probably  considerable. 

It  would,  however,  appear  that  the  succinic  acid  is  formed  in  the 
proportion  of  1  mol.  to  2  mols.  of  acetic  acid.  Thus  the  molecular 
weight  of  succinic  acid  (118)  is  almost  exactly  twice  that  of  acetic 
acid  (60),  and  the  quantities  of  succinic  acid  found  are  just  about 
equal  to  those  of  acetic  acid,  the  average  amount  of  succinic  acid 
found  in  the  four  fermentations  being  02863  gram,  and  that  of  the 
acetic  acid  0'3166  gram. 

We  may  explain  the  formation  of  the  above  products  in  the  pro- 
portions indicated  by  assuming  that  the  fermentative  decomposition 
of  the  dulcitol  and  mannitol  takes  place  in  the  following  manner : — 

1.  1  mol.  of  dulcitol  or  mannitol  breaks  up  into  2  mols.  of  ethyl 
alcohol,  1  mol.  of  carbonic  anhydride,  and  1  mol.  of  formic  acid : — 

CeHuOe  =  2C2H6O  +  CO2  +  CH2O2. 

2.  1  mol.  of  dulcitol  or  mannitol  breaks  up  into  1  mol.  of  succinic 
acid,  1  mol.  of  acetic  acid,  and  2  mols.  of  hydrogen  : — ■ 

CeHuOe  =  C4H6O4  +  C2H4O2  +  2H2.. 

Now,  if  2  mols.  of  the  dulcitol  or  mannitol  break  up  according  to 
Equation  1,  and  1  mol.  according  to  Equation  2,  we  shall  have 

SCeHuOe  =  4C2H6O  +  2CO2  +  2CH2O2  -f-  C4H6O4  +  C2H4O2  +  2Ho, 

Dulcitol  or  Ethyl  Formic  Succinic  Acetic 

mannitol.  alcohol,  acid.  acid.  acid. 

corresponding  in  all  but  one  point  to  the  analytical  results  which  we 
have  obtained  above.  Thus,  all  the  products  discovered  by  analysis 
are  represented ;  moreover,  there  are  4  mols.  of  alcohol  to  1  of  acetic 
acid ;  the  hydrogen  and  carbonic  anhydride  are  present  in  molecular 
proportion  (2  of  each),  that  is,  in  the  proportion  in  which  they  are 
present  in  formic  acid,  and  this  carbonic  anhydride  and  hydrogen, 
together  with  the  2  mols.  of  formic  acid,  are  in  all  equivalent  to 
4  mols.  of  formic  acid,  or  the  same  number  of  molecules  as  there  are 
of  alcohol.  In  all  these  points,  the  equation  is  in  precise  accord  with 
the  results  of  actual  analysis,  whilst  it  is  only  in  the  matter  of  the 
succinic  acid  that  there  is  any  discrepancy ;  for,  according  to  the 
equation,  the  succinic  acid  and  acetic  acid  should  be  formed  in 
molecular  proportion,  whilst  analytically,  only  about  one  half  of  this 
amount  of  succinic  acid  was  actually  obtained.  As  already  pointed 
out,  however,  the  accurate  determination  of  succinic  acid  is  sur- 
rounded with  difficulties,  and  it  is  quite  possible  that  the  amount 
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actually  found  may  be  considerably  below  the  truth.  This  is,  how- 
ever, a  matter  for  subsequent  investigation,  and  we  would  provisionally 
suggest  the  above  reactions  as  the  simplest  explanation  of  the  fer- 
mentative phenomena  observed. 

It  will  be  seen  that  only  a  small,  but  variable,  proportion  of  the 
formic  acid  produced  in  the  first  instance  escapes  decomposition  into 
carbonic  anhydride  and  hydrogen,  for  in  none  of  the  fermentations, 
either  of  the  dulcitol  or  of  the  mannitol,  does  the  formic  acid  actually 
found  amount  to  more  than  a  small  fraction  of  the  alcohol. 

The  principal  results  at  which  we  have  arrived  in  this  investigation 
may  be  summarised  as  follows  : — 

1.  Dulcitol  and  mannitol  are  similarly  fermented  by  the  organism 
in  question,  the  products  being  ethyl  alcohol,  acetic  and  succinic  acids, 
hydrogen,  and  carbonic  anhydride. 

2.  When  the  gaseous  products  are  permitted  to  freely  diffuse  into 
the  air  through  a  cotton-wool  stopper,  the  fermentation  is  a  complete 
one  lasting  about  five  or  six  weeks,  but  when  the  fermentation  is 
carried  on  in  a  closed  space,  without  admission  of  air,  the  evolved 
gases  being  collected  over  mercury,  then  a  large  proportion,  upwards 
of  50  per  cent.,  of  the  dulcitol  or  mannitol  remains  unfermented,  and 
amongst  the  products  there  are  found,  in  addition  to  those  mentioned 
above,  considerable  quantities  of  formic  acid. .  We  have  also  observed 
the  production  of  formic  acid  in  similar  closed  fermentations  with  the 
Bacillus  ethaceticus  and  with  Friedlander's  Pneumococcus. 

3.  The  carbonic  anhydride  and  hydrogen  evolved  are,  after  deduct- 
ing the  carbonic  anhydride  due  to  the  decomposition  of  carbonate  of 
lime  by  the  acids  mentioned,  approximately  in  molecular  proportion, 
or  in  that  in  which  they  are  present  in  formic  acid,  and  owing  to  the 
variable  quantities  in  which  the  formic  acid  was  discovered  in  the 
several  fermentations,  it  is  only  reasonable  to  suppose  that  more  or 
less  of  the  formic  acid  at  first  produced  had  been  decomposed  with 
evolution  of  an  equal  number  of  molecules  of  carbonic  anhydride  and 
hydrogen.  This  is  the  more  probable,  as  in  each  of  the  fermentations 
the  sum  of  the  formic  acid,  hydrogen,  and  carbonic  anhydride 
^approximately  corresponds  in  molecules  of  formic  acid  to  the  amount 
of  alcohol  in  molecules  produced  in  the  same  fermentation. 

4.  The  decomposition  of  the  dulcitol  and  mannitol  may  be  regarded 
as  taking  place  in  two  independent  reactions  : — 

(a.)  CeHuOe  =  2C2H6O  -h  CO2  +  CH2O2, 
(6.)  CsHuOe  =  C4H6O4  +  C2H4O3  +  2H2, 

but,  from  the  proportion  which  the  acetic  acid  bears  to  the  alcohol,  it 
appears  that  2  mols.  are  decomposed  according  to  Equation  a  for 
every  one  that  is  decomposed  according  to  h  ;  thus  : — 


\ 
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SCeHuOe  =  4aH60  +  C^H.Oo   +  C^HeO^  +  CH3O3  +  2CO2  +  2H2 

indicates  tlie  proportions  inwhicli  tbe  several  products  were  approxi- 
mately obtained  in  eacli  of  tlie  fermentations,  the  only  marked  dis- 
crepancy being  in  the  case  of  the  succinic  acid,  the  amount  of  which 
was  only  about  half  that  demanded  by  the  above,  but  this  deficiency 
may  not  improbably  be  due  to  the  difficulty  attending  the  accurate 
determination  of  succinic  acid  in  such  mixtures. 

5.  In  recovering  the  unaltered  dulcitol  from  the  fermentation  pro- 
ducts, we  have  incidentally  discovered  a  compound  of  dulcitol  with 
calcium  chloride  of  the  composition  CeHuOsjCaCla.  This  compound 
is  soluble  in  water  with  decomposition,  but  very  insoluble  in  alcohol, 
from  which,  however,  it  can  be  crystallised  unchanged. 

6.  In  view  of  the  products  to  which  this  organism  gives  rise,  we 
would  provisionally  propose  for  it  the  name  of  Bacillus  ethacetosuc- 
cinicus. 

7.  The  fermentation  induced  by  this  organism  differs  fundament- 
ally from  that  resulting  from  the  Bacillus  ethaceticus  and  from  Fried- 
lander's  Pneumococcus,  previously  described  by  one  of  us,  in  that  with 
it  a  much  larger  quantity  of  succinic  acid  is  formed,  whilst  neither  of 
the  others  has  the  power  of  fermenting  dulcitol. 

Appendix. 

Morphological  Gharacterisation  of  the  Micro-organism  causing 
Fermentation. 

By  Grace  C.  Feankland. 

On  submitting  any  of  the  fermenting  solutions  to  plate  cultivation 
with  gelatin-peptone,  there  are  formed,  in  the  course  of  two  to  three 
days,  colonies  which  are  of  very  variable  appearance,  according  as  they 
are  situated  in  the  depth  or  on  the  surface  of  the  gelatin  film.  The 
depth  colonies  are  yellowish  in  colour,  with  smooth  contour,  and  mostly 
of  an  oval  form.  When  the  colony  reaches  the  surface,  it  forms  a 
small  pin-head,  from  which  there  extends  a  very  thin  and  highly 
irregular  expansion  with  slightly  serrated  edge.  This  expansion 
exhibits  slight  iridescence,  and  in  plates  on  which  there  are  only  few 
colonies  it  may  have  a  diameter  of  as  much  as  half  an  inch.  The 
surface  colonies  have  not,  however,  in  all  cases  this  thin  expansion 
surrounding  them,  but,  on  the  contrary,  are  not  unfrequently  sharply 
circumscribed,  thicker,  less  transparent,  much  more  shining,  and  of 
regularly  circular  contour,  much  resembling,  in  fact,  a  small  drop  of 
milk.  In  case  this  diversity  of  appearance  should  be  due  to  the 
presence  of    several    organisms,  mannitol    and    dulcitol   tubes  were 
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inoculated  from  eacli  of  tlie  three  types  of  colony  described  above, 
and  in  all  cases  these  tubes  entered  into  fermentation.  These  fer- 
menting tubes  were  again  submitted  to  plate  cultivation,  and  in 
each  case  all  three  types  of  colony  made  their  appearance  on  each 
plate,  thus  conclusively  proving  that  one  and  the  same  organism 
gives  rise  to  these  several  types  of  colony ;  in  fact,  in  some  instances 
one  and  the  same  colony  exhibited  both  the  features  in  question, 
that  is  to  say,  it  was  of  the  "  milk  drop  "  type  on  one  side  and  of 
the  "  irregular  expansion  "  type  on  the  other.  When  the  plates  are 
very  much  crowded,  all  the  surface  colonies  are  of  the  "  milk  drop  " 
type,  the  expansions  only  occurring  on  sparsely  populated  plates. 
Indeed,  each  colony  evidently  militates  against  the  extension  of  its 
neighbours  even  at  considerable  distances,  a  phenomenon  which  I 
have  frequently  observed  in  the  case  of  the  plate  cultures  of  other 
organisms.  This  influence  at  a  distance  is  apparently  caused  through 
the  products  elaborated  by  the  organisms  extending  over  some  con- 
siderable area  outside  the  actual  colonies  themselves,  as  is  indicated 
by  the  fact  that  the  entire  plate  often  presents  a  somewhat  fluorescent 
appearance.  The  same  phenomenon  may  be  very  strikingly  observed 
in  the  case  of  plate  cultures  of  the  well-known  Bacillus  pyocyaneus. 

Examined  with  a  low  power  (1  inch),  the  depth  colonies  are  seen 
to  have  a  smooth  rim  but  somewhat  irregular  contour,  as  represented 
in  the  plate.  Fig.  1.  The  contents  are  finely  granular  and  of  a  brown- 
ish colour.  The  surface  expansion  colonies,  when  similarly  examined, 
are  seen  to  consist  of  very  finely  granular  contents  arranged  in 
characteristic,  wavy  lines,  more  especially  towards  the  margin,  as  is 
shown  in  Fig.  2.  The  centre  of  the  colony  is  always  dark,  indicating 
the  nucleus  from  which  the  expansion  has  proceeded. 

The  annexed  photographs  serve  to  illustrate  the  appearance  of  the 
plate  cultures : — 

No.  1,  a  crowded  plate  culture,  obtained  from  a  fermenting  dulcitol 
broth  tube.  In  this,  all  the  surface  colonies  are  of  the  "  milk  drop  " 
type,  and  devoid  of  irregular  expansions. 

No.  2,  a  less  crowded  plate  culture  from  the  same  source,  showing 
the  "  milk  drop  "  colonies,  in  most  cases  giving  rise  to  small,  irregular 
expansions. 

No.  3,  a  plate  culture  from  another  fermenting  dulcitol  broth  tube, 
also  showing  the  "surface  expansion,"  "milk  drop,"  and  small  depth 
colonies. 

Inoculated  into  agar-agar,  and  kept  at  the  ordinary  temperature,  a 
thick  growth  rapidly  forms  in  the  depth  around  the  track  of  the 
needle,  whilst  the  surface  becomes  covered  with  a  white  growth, 
which  soon  extends  downwards  into  the  medium  to  the  depth  of  about 
^  inch. 
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In  brotli,  and  kept  at  the  ordinary  temperature,  it  renders  the 
liquid  turbid,  and  a  white  deposit  forms,  whilst,  after  a  few  weeks,  a 
white  film  appears  on  the  surface  of  the  liquid. 

On  potatoes,  at  the  ordinary  temperature,  the  growth  is  rapid, 
extending  broadly  over  the  surface,  and  at  first  only  distinguishable 
from  the  potato  itself  by  its  thickened  and  irregular  edge,  but,  on 
keeping,  it  becomes  dark-brown. 

Inoculated  into  gelatin  peptone,  it  produces  a  thin,  iridescent 
growth  with  a  very  irregular  edge  which  extends  over  the  surface. 
This  extension  of  the  growth  would  seem  to  depend  upon  the  dry  or 
moist  condition  of  the  gelatin,  for  in  the  former  it  restricts  itself,  the 
growth  being  at  the  same  time  thicker,  to  the  needle  streak  across 
the  surface,  and  only  later  gradually  expands  on  either  side  of  it. 

In  the  depth,  the  track  of  the  needle  is  marked  by  a  slight  beaded 
appearance. 

On  microscopic  examination  with  a  high  power  (y^^  inch),  the 
organism,  as  taken  from  a  gelatin-plate  culture,  is  seen  lo  be  a  small 
bacillus  of  variable  dimensions  both  as  to  thickness  and  length,  but 
on  an  average  it  is  17 — 2*5  ;t  in  length  by  0"5 — 1*0  /i  in  width,  gener- 
ally occurring  in  pairs,  and  not  unfrequently  the  transverse  divisions 
between  the  bacilli  are  obliterated,  which  gives  rise  to  the  appearance 
of  short  threads.  The  appearance  of  the  bacilli  is  also  very  similar 
when  examined  from  the  fermenting  solutions,  only  fewer  threads 
were  generally  observable.  In  no  case  were  spores  found,  even  very 
old  potato  cultivations  exhibiting  no  appearance  resembling  them. 
Examined  in  "  drop  cultures  "  under  the  microscope,  the  bacilli  are 
seen  to  possess  a  vibratory  motion  only,  and  do  not  travel  across  the 
field. 

Fig.  8  of  plate  represents  the  appearance  of  the  bacilli  as  taken 
from  a  surface  colony  on  a  gelatin  plate  after  four  days'  growth. 
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No.  XXIII.     The  Isomeric  ci-Bromoclnnamic  Acids. 

By  S.  RuHEMAXN,  Ph.D.,  M.A.,  University  Lecturer  in  Organic 

Chemistry. 

The  two  isomeric  bromocinnamic  acids,  which  ai?e  formed  from 
a^-dibromhydrocinnamic  acid  by  the  action  of  alcoholic  potash,  have 
been  frequently  subjected  to  investigation  since  their  discovery  by 
Glaser  (^Annalen,  143,  325).  It  was  the  fact  observed  by  this 
chemist  that  the  acid,  which  was  regarded  by  him  as  the 
/3-bromo-derivative,  changes  into  the  cc-acid  when  distilled  or  boiled 
with  faming  hydriodic  acid,  which  especially  claimed  the  attention 
of  chemists.  A.  Michael  and  G.  M.  Browne  (Ber.,  19,  1378)  were  the 
first  to  find  that  both  these  isomeric  bromo-- acids  must  be  regarded  as 
a-derivatives  of  cinnamic  acid,  inasmuch  as  they  prepared  the  true 
/3-bromocinnamic  acid  from  phenylpropiolic  acid  by  the  addition  of 
hydrogen  bromide.  This  result  was  supported  by  E.  Erlenmeyer's 
observation  that  both  acids  got  from  dibromhydrocinnamic  acid 
yield  brnzaldehyde  on  oxidation  by  potassium  permanganate  (Ber.^ 
23,  3130).  Glaser's  y3-bromocinnamic  acid  is,  therefore,  also  an 
a-substitution  product,  and  it  is  called  by  Michael  allo-a-cinnamic 
acid,  and  by  Erlenmeyer  a-bromisocinnamic  acid,  since  it  yields  iso- 
cinnamic  acid  on  displacement  of  the  bromine  by  hydrogen  {loc.  cit). 
Both  a-bromo-substitution  products  bear  the  same  relation  to  one 
another  that  fumaric  acid  does  to  male'ic  acid ;  they  are  stereoiso- 
merides.  As  maleic  acid  can  be  transformed  into  fumaric  acid  by 
hydriodic  acid,  so,  as  Glaser  found,  may  allo-a-(a-iso-)bromocinnamic 
acid  be  changed  into  the  a-acid  by  the  same  reagent.  As  maleic 
acid,  on  treatment  in  alcoholic  solution  with  hydrogen  chloride,  yields 
ethyl  fumarate,  so  is,  according  to  Barisch  (/.  ^r.  Chem.  [2],  20, 
184),  allo-a-bromocinnamic  acid  transformed  into  the  ethereal  salt  of 
its  stereoisomeride  under  analogous  conditions. 

Some  years  ago,  the  two  a-bromo-acids  were  studied  by  Anschiitz 
and  Selden  (Ber.,  20,  1383);  they  found  that  under  the  influence  of 
phosphorus  pentachloride  the  bromo- derivative  of  isocinnamic  acid 
yields  a-bromocinnamyl  chloride,  and  this,  when  submitted  to  the 
action  of  ammonia  and  of  aniline,  yielded  the  amide  and  the  anilide 
of  this  acid. 

I  have  undertaken  the  further  study  of  these  two  acids  with  the 
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view  of  investigating  the  action  of  ammonia,  and  especially  of  phenyl- 
hydrazine,  on  their  ethereal  salts. 

The  ethyl  salts,  which  were  prepared  by  the  action  of  ethyl  iodide 
on  the  silver  salts,  show  a  remarkable  difference  in  their  behaviour 
towards  ammonia.  Ethyl  a-bromocinnamate,  when  allowed  to  remain 
in  contact  with  a  strong  aqueous  solution  of  this  reagent  for  24  hours, 
is  transformed  into  a  mass  of  crystals.  The  melting  point,  119°,  of 
the  substance  after  recrystallisation  from  water,  and  a  nitrogen  deter- 
mination, show  that  it  is  a-bromocinn amide,  which  Anschiitz  and 
Selden  (loc.  cit.)  obtained  from  a-bromocinnamyl  chloride : — 

Calculated  for 

CgHgBrNOs.  Found. 

N 6*19  per  cent.  6'32  per  cent. 

The  ammoniacal  mother  liquor  from  the  product  of  the  reaction 
contains  the  ammonium  salt  of  the  a-bromo-acid ;  for,  after  concen- 
tration, hydrochloric  acid  separates  from  it  the  acid  melting  at  131°. 

The  ethereal  salt  of  a-bromisocinnamic  acid,  however,  reacts  very 
slowly  with  ammonia.  After  standing  for  weeks  with  a  strong 
aqueous  solution  of  the  reagent,  only  a  very  small  quantity  of  crystals 
appeared.  These,  removed  from  the  unaltered  oil,  were  dissolved 
in  boiling  water,  and,  on  cooling,  crystallised  out  in  colourless 
needles  melting  at  128 — 129°.  The  substance  is,  no  doubt,  a-brom- 
isocinnamide,  but  the  amount  which  was  formed  was  not  sufficient 
for  verification  by  analysis.  The  ammoniacal  filtrate  on  concentration 
deposits  the  sparingly  soluble  ammonium  a-bromocinnamate,  from 
which  hydrochloric  acid  sets  free  the  acid  melting  at  120°. 


Action  of  Phenylhydrazine  07i  the  Ethereal  Salts  of  the  ocBromocinnamio 

Acids. 

■  1  was  led  to  the  investigation  of  the  action  of  phenylhydrazine  on 
the  ethyl  salts  of  the  two  a-bromocinnamic  acids  through  v.  Pech- 
mann's  researches  on  the  osazones  (Ber.,  21,  2751  ;  Annalen,  262, 
265).  He  showed  that  on  oxidation  the  phenylosazones  of  1 :  2-di- 
keto-compounds  yield  osotetrazones,  and  are  transformed  into  triazole 
derivatives  with  elimination  of  aniline.  These  reactions  of  diacetyl- 
osazone  find  their  expression  in  the  following  equations : — 

CH3-C:iSr-NH-CaH5  CHa-CIN-N-CeH, 

^  '^  CHa-CiN-NH-CeHj  CHa-CIN-N-CeHs  '   • 
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Their  formation  from  compounds  which,  contain  two  phenylhydrazine 
groups  in  their  molecules  rendered  it  probable  that  the  a-bromo- 
cinnamic  acids  would,  after  introduction  of  two  phenylhjdrazine 
residues,  give  rise  to  a  substance  which  may  be  formed  according  to 
the  equations : — 

(1.)  C6H5-CH:CBr-COOC2H5  +  SCeHa-NH-NH^  = 

aSSWH^^^^  CeH.NH.NH.HBr  +  C.H.OH. 

CeH,.CH:C CO  _  NH.C:CH.CeH. 

^"•^  CeHs-NH-NH     NH-NHCeH^  '     ^NH-CO 

+  NH^-CeHs. 

This  would  be  a  derivative  of  a  compound  which  stands  in  the  same 
relation  to  tetrahydrotriazole  as  pyrrazole  to  pyrrazolone. 

The  action  of  phenylhydrazine  on  the  ethereal  salts  of  the  a-bromo- 
cinnamic  acids  is  very  violent ;  it  is,  therefore,  advisable  to  use  only 
small  quantities  of  the  salts  at  a  time.  The  operation  was  conducted 
in  the  following  manner : — 5  grams  of  ethyl  a-bromisocinnamate 
was  mixed  with  about  8  grams  of  phenylhydrazine,  and  the  mixture 
digested  in  a  flask  till  the  reaction  just  began.  The  liquid  became 
deep  red,  and,  with  considerable  rise  of  temperature,  a  rapid  evolution 
of  gas  set  in,  which  was  sometimes  so  violent  that  the  whole  frothed 
over.  Among  the  products  given  off,  nitrogen,  ammonia,  carbonic 
anhydride,  and  benzene  were  noticed.  The  reaction  was  allowed  to 
continue  without  further  warming,  and  the  contents  of  the  flask,  when 
cold,  were  agitated  with  dilute  hydrochloric  acid.  On  collecting  the 
semi-solid  red  substance  which  remained  undissolved,  and  washing 
it  first  with  water  and  then  with  alcohol,  a  red,  crystalline  powder 
was  left  on  the  filter.  This  substance  was  soluble  with  difficulty 
in  boiling  alcohol,  and,  on  cooling,  came  down  in  orange  needles, 
which,  after  two  crystallisations,  were  quite  pure  and  melted  at  172°. 
The  compound,  on  analysis,  gave  the  following  numbers,  which  cor- 
respond to  the  formula  dsHnNaO  : — 

I.  0*1125  gram  substance  gave  0"0490  gram  H2O  and  0"2975  gram 
CO2. 
IT.  0*1204   gram    substance   yielded    17*6    c.c.   of   moist   nitrogen 
measured  at  18°  and  757  mm.  bar. 

Found. 

Theory  for  f * <^ 

Ci5HiiN30.  I.  II. 

C  72-29  72*12  — 

H 4*41  4*80  — 

N 16*86  —  16*81 
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The  molecular  weight  of  this  substance  was  determined  by  Raoult's 
method,  using  benzene  as  the  solvent,  with  the  following  result : — 

Weight  of  substance 0*3815  gram. 

,,  benzene   35'8105  grams. 

Melting  point  of  the  benzene 5° 

,,  „         the  mixture 4'8° 

Depression  of  the  melting  point 0"2° 

Molecular   weight    derived    from    the 

above  data 261 

Theory  for  Ci5HnN30 249 

This  compound  is  soluble  with  great  difficulty  in  boiling  alcohol, 
but  readily  in  glacial  acetic  acid,  more  so  in  chloroform  and  benzene. 
The  same  compound  is  formed  on  treating  the  ethyl  salt  of  the  iso- 
meric bromo-acid  with  phenylhydrazine  in  the  same  manner;  the 
reaction,  however,  requires  a  somewhat  higher  temperature,  and  it  is 
less  violent  than  in  the  former  case. 

The  mode  of  formation  of  the  substance  melting  at  172°  from  the 
ethyl  salts  of  the  two  a-bromocinnamic  acids  may  be  interpreted  in 

the  manner  stated  above,  but  the  compound  CeHg-N^  i  '  *^    " 

is  not  the  final  product  of  the  reaction ;   it  is  oxidised  to 

This  oxidation  is  undoubtedly  effected  by  the  phenylhydrazine, 
which  is  thus  reduced  to  aniline  and  ammonia.  The  substance  may 
be  called  benzylidenetriazolone,  or  perhaps,  more  correctly,  cinnamyl- 
phenylazimide.  This  constitution  is  supported  also  by  the  facts  that 
the  compound  is  neutral  to  mineral  acids  and  bases,  and  does  not  react 
with  acetic  anhydride  or  with  nitrous  acid. 

As  it  seemed  difficult  to  stop  the  reaction  at  its  various  stages,  and 
to  isolate  the  different  compounds,  1  prepared  one  of  these  intermediate 
products,  the  hydrazide  of  a-bromocinnamic  acid,  and  transformed  it 
into  the  azimide. 

The  phenylhydrazide  of  a.-hroinocinnamic  acid  is  readily  obtained 
from  the  hydrazine  and  the  acid  chloride,  the  latter  being  formed  by 
the  action  of  phosphorus  pentachloride  on  a-  or  allo-a-bromo- 
cinnamic  acids  (Anschiitz  and  Selden,  loc.  cit.).  In  order  to  moderate 
the  violent  reaction  which  took  place  on  mixing  phenylhydrazine 
with  the  bromocinnamyl  chloride,  the  latter  was  diluted  with  ether. 
After  removal  of  the  ether  a  coloured  product  remained,  which  was 
washed  with  dilute  hydrochloric  acid,  and  recrystallised  from  alcohol, 
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using  animal  charcoal  for  decolorisation.  The  hot  alcoholic  solution, 
on  cooling,  deposited  almost  colourless  needles  which  melted  at  120", 
and  gave  on  analysis  the  following  numbers : — 

I.  0"2058  gram  substance  gave  15'4  c.c.  moist  nitrogen,  measured 
at  16°  and  774  mm. 
II.  0'2915    gram   substance   yielded,   by   Carius'  method,    0'1706 
gram  AgBr. 

Found. 

Calculated  for  f * ^ 

CisHiaNsBrO.  I.  II. 

]^ 8-83  8-88  — 

Br   25-20  —  24-90 

The  phenylhydrazide,  CeHs-CHiCBr-CO-NH-NH-CeHs,  is  readily 
soluble  in  alcohol  and  in  ether,  and,  on  digesting  with  excess  of  phenyl- 
hydrazine,  yields  cinnamylphenylazimide,  which  was  identified  by  its 
melting  point  (172°)  and  chemical  behaviour. 


Formation  of  Cinnamylphenylazimide  from  Ethyl  Dibromhydro- 

cinnamate. 

As  the  mode  of  preparing  the  ethereal  salts  of  the  a-bromocinnamic 
acids  above  described  involves  rather  troublesome  operations,  and 
is,  moreover,  accompanied  by  a  considerable  loss,  I  was  led  to  use  the 
ethereal  salt  of  a/3-dibromhydrocinnamic  acid  for  the  preparation  of  cin- 
namylphenylazimide. The  splitting  oif  of  hydrogen  bromide  from  this 
salt  takef?  place,  as  I  found,  even  in  the  cold,  when  it  is  allowed  to  re- 
main in  contact  with  strong  aqueous  ammonia  for  some  time.  The  salt 
is  thus  transformed  into  the  amide  of  a-bromocinnamic  acid,  which 
was  identified  by  the  crystalline  form  and  the  melting  point,  119°. 
Ethyl  dibromhydrocinnamate  cannot  easily  be  prepared  from  the 
acid  by  the  action  of  hydrogen  chloride  on  its  alcoholic  solution,  as 
only  part  of  it  is  transformed  into  the  salt,  the  larger  portion 
remaining  unchanged.  It  is,  however,  readily  formed  by  adding  the 
calculated  quantity  of  bromine  to  ethyl  cinnamate  dissolved  in 
chloroform  ;  after  removal  of  the  solvent,  it  solidifies  on  cooling,  and 
is  sufficiently  pure  for  the  following  reaction.  The  ethereal  salt  is 
quickly  heated  with  phenylhydrazine  in  quantities  of  2  grams  of  the 
one  to  4  grams  of  the  other.  The  organic  salt  first  enters  into 
solution,  then  crystals  separate,  which  are,  no  doubt,  phenylhydr- 
azine hydrobromide,  and  finally  a  violent  evolution  of  gas  takes 
place.  The  reaction  was  allowed  to  continue,  and  the  semi-solid 
product,  when  cold,  treated  in  the  manner  stated  before  for  the  purifi- 
cation of  cinnamylphenylazimide  from  the  a-bromocinnamic  acids.   The 
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snbstance,  after  recrjstallisation  from  boiling  alcohol,  is  identical 
with  that  got  from  the  monobro mo-acids  ;  for  it  melts  at  the  same 
temperature,  and  gave  on  analysis  the  following  numbers  : — 

I.  0*1410  gram  substance  gave  0*0605   gram   H2O  and  0*3760 
gram  COo. 
II.  0-1365  gram  substance  gave  0-0590   gram  H3O  and  0-3610 
gram  CO2. 
♦  III.  0-1 720  gram  substance  yielded  24-2  c.c.  moist  nitrogen  measured 
at  12°  and  764  mm. 

Fouiid. 

Theory.  , '^ ^ 

C15H11N3O.  I.  II.  III. 

C 72-29  72-70       72-13         — 

H 4-41  4-67        4-70         — 

N 16-86  —  —         16-78 

The  yield  of  cinnamylphenylazimide  which  is  obtained  either  from 
the  a-bromocinnamic  acids  or  from  a/3-dibromhydrocinnamic  acid, 
is  only  small,  amounting  to  10 — 15  per  cent.  There  is  formed,  how- 
ever, along  with  this  substance  another  which  is  of  some  interest. 


Imide  of  Dicinnamyl^Jienylazimide. 

If  the  product  of  the  reaction  of  phenylhydrazine  on  the  ethereal 
salts  of  these  acids  be  agitated  with  dilute  hydrochloric  acid,  and  the 
acid  filtrate  from  the  compound  melting  at  172°  be  allowed  to  stand 
for  some  time  in  an  open  vessel,  or  if  a  current  of  air  be  passed 
through  the  heated  solution,  it  becomes  cloudy,  and  deposits  a  floc- 
culent,  red  precipitate.  On  collecting  this,  washing  it  with  water,  and 
crystallising  from  hot,  glacial,  acetic  acid,  red  needles,  melting  at  248°, 
are  obtained.  On  analysis,  it  gave  numbers  which  agree  with  the 
formula  C24H18N4O3 : — 

I.  0-1540  gram    substance    gave    0*0640  gram    HgO  and  0-4140 
gram  CO2. 
II.  01015  gram  substance  gave  12-2  c.c.  moist  nitrogen  measured 
at  16°  and  756  mm. 

Found. 

Theory.  f ' ^ 

C24H18N4O0.  I.  II. 

C 73-10  73-10  — 

H 4-57  4-61  — 

N 14*21  —  13-93 

It  is  soluble  with  difficulty  in  boiling  glacial  acetic  acid,  but  very 
readily  in  hot  benzene,  petroleum,  and  acetone. 
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The  mode  of  formation  of  this  substance  from  the  ethereal  salts 
of  the  bromo-acids  and  phenylhydraziae  may  be  explained  as 
follows : — The  base  converts  the  organic  salts  first  into  the  phenyl- 
hydrazide  of  a-bromocinnamic  acid,  which  then  reacts  with  phenyl- 
hydrazine  according  to  the  equation 

CeHs-CHICBr-CO-NH-N-H-CeHs  +  2C6H5-NH-NH2  = 

The  latter  compound  in  a  further  stage  of  the  reaction  then  under- 
goes two  different  changes ;  part  of  it  yields  cinnamylphenyl- 
azimide  with  elimination  of  aniline  and  subsequent  oxidation, 
whilst  another  part  of  the  hydrazilhydraziue  condenses  most  likely 
in  the  manner  indicated  by  the  equation 

CeHs-CHIC— CO 

CeHa-NH-HN    NH-NH-CeHs 

=  2C6H,-NH2  +  CeHe  4-  :N-2  + 
CeH^-NH-HlSr    NH-NH-CeHs 

CeHs-CHiC— CO 

CeHs-CHIC-CO-NH 

HN<  >N-C6H5. 

CeHs-CHiC-CO-NH 

The  latter  compound  is  probably  contained  in  the  acid  filtrate 
from  cinnamylphenylazimide,  and  oxidises  to  the  imide  of  dicinnamyl- 
phenylazimide, 

CeHs-CHIC-CO-lS- 

HN<  |>N-CeH5, 

CeHs-CHIC-CO-N 

under  the  influence  of  the  oxygen  of  the  air.  The  same  substance 
may  be  obtained  directly  from  cinnamylphenylazimide,  and  this  for- 
mation supports  the  view  with  regard  to  its  constitution  expressed 
above. 

Reduction  of  Cinnamylphenylazimide. 

Cinnamylphenylazimide  yields  a  colourless  solution  when  boiled  in 
the  presence  of  alcohol  with  tin  and  hydrochloric  acid  on  a  water- 
bath  in  a  flask  connected  with  a  reflux  condenser.  The  clear  liquid 
is  poured  off  from  the  metal,  and  the  tin  removed  from  the  solution 
by  hydrogen  sulphide.  The  colourless  filtrate  from  the  sulphide  of 
tin,  when  evaporated  in  a  dish,  deposits  a  flocculent,  red  precipitate 
gradually  increasing  in  quantity.  This  substance  is  the  imide  of 
dicinnamylphenylazimide,  for  when  crystallised  from  glacial  acetic 
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acid  it  melts  at  248",  and  on  analysis  gives  numbers  corresponding 
to  the  formula  C24H18N4O2 : — 

I.  0'125  gram  substance  gave  0*055  gram  H2O  and  0*336  gram 
CO2. 
II.  0*133  gram  substance  gave  0*0545  gram  HgO  and  0*357  gram 
CO2. 
III.  0*1505    gram    substance    yielded    18*4    c.c.    moist    nitrogen 
measured  at  11°  and  746  mm. 

Found. 

Theory.  f ^ ^ 

C24H18N4O2.          I.  II.  III. 

C 73-10         73*30         73*20  — 

H 4-57  4*92  4*55  — 

ISr 14*21  —  —  14-34 

The  original  filtrate  from  this  substance  evolves  ammonia  on  the 
addition  of  potash,  and  gives  the  aniline  test  with  a  solution  of 
bleaching  powder.  These  facts  throw  a  light  on  the  formation  of  the 
imide  of  dicinnamylphenylazimide,  and  allow  of  the  interpretation  of 
the  reaction  expressed  in  the  following  equations  : — 

CeH.CH:C-CO  ^    CeH,CH:C-CO 


CeHs-CHIC CO 

=  NH3  +  NH^-CeHs  + 


(^•)  NH2    NH-NH-CeHs 


NH2    NH-NH-CeHs 

CeHs-CHIC CO 

CeHs-CHIC-CO-NH 

HN<  >N-CeH,. 

CeHs-CHiC-CO-NH 

This  compound  is  to  be  regarded  as  the  final  product  of  the  reduc- 
tion, and  yields  the  azimide  under  the  influence  of  the  oxygen  of  the 
air.  I  have  attempted  to  isolate  the  hydrazimido-compound  from  the 
solution  freed  from  tin,  by  evaporating  it  in  a  current  of  hydrogen 
sulphide,  and  extracting  the  product  with  ether.  A  substance  was 
indeed  taken  up  by  this  solvent,  and,  on  distilling  off  the  ether, 
remained  behind  as  a  brown,  tarry  mass,  which  did  not  appear 
inviting  for  further  study. 

The  imide  of  dicinnamylphenylazimide,  as  mentioned  before,  dis- 
solves in  glacial  acetic  acid,  benzene,  chloroform,  and  acetone ;  the 
solutions   are  red.     The  behaviour  with  alcohol  is  interesting.     On 
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adding  alcohol  to  a  trace  of  the  substance  contained  in  a  test-tube, 
the  spirit  becomes  purple  even  in  the  cold  ;  this  colour  deepens  on 
boiling,  and  disappears  on  the  addition  of  an  acid.  This  phenomenon 
can  only  be  due  to  the  solvent  action  of  alcohol  on  the  glass,  and  indicates 
that  the  compound  has  acid  properties.  Indeed  a  few  drops  of  an  alkali 
or  an  alkali  carbonate  dissolve  the  imido-compound,  when  suspended 
in  alcohol,  with  a  deep  violet  colour,  and  on  evaporating  the  solution, 
a  dark-blue  substance  with  metallic  lustre  remains  behind,  which  is 
the  salt  of  the  cinnamic  acid  derivative.  This  is  very  soluble  in 
alcohol,  and  is  readily  decomposed  by  acids,  which  deposit  the  imide 
of  dicinnamylphenylazimide  unchanged.  The  property  of  this  com- 
pound to  form  salts  can  only  be  attributed  to  the  acid  character  of 
the  imido-group,  and  their  constitution  is  to  be  expressed  by  the 
general  formula : — 

CeHs-CHlC-CO-N 

RiN<  I  >N--C6H5. 

CeHs-CHiC-CO-N 

The  alkali  salts  are  very  soluble  in  alcohol  with  violet  colour,  but 
gradually  dissociate  when  boiled  with  water.  The  ammonium  salt 
especially  is  very  unstable  ;  the  violet  ammoniacal  solution  of  the 
imido-compound,  when  evaporated  to  dryness,  decomposes,  leaving 
the  red  substance  behind. 

The  fact  that  this  com. pound  reacts  so  readily  with  alkalis,  and 
yields  violet  solutions,  makes  it  a  most  sensitive  indicator.  A  few 
drops  of  the  coloured  solution  produced  by  boiling  a  trace  of  the 
substance  with  alcohol  in  a  test-tube  may  be  used  for  this  purpose. 
The  point  of  neutralisation  is  well  marked,  if  for  volumetric  analysis 
the  acid  is  run  into  the  alkali  to  which  the  indicator  has  been  added. 
The  indicator  is  so  delicate  that  it  may  be  used  to  determine  the 
small  amount  of  alkali  dissolved  from  the  glass,  and  to  investigate 
the  solvent  action  of  spirit  on  different  sorts  of  glass. 

In  conclusion,  I  may  add  that  I  intend  to  study  the  action  of 
phenylhydrazine  on  the  ethereal  salts  of  other  a/3-dibromo-acids, 
particularly  of  those  belonging  to  the  fatty  series. 


287 


XXIII. — On  the  Eefracfive  Power  of  certain  Organic  Compounds  at 
Different  Temperatures. 

By  W.  H.  Perkin,  Ph.D.,  F.R.S. 

From  the  study  of  magnetic  rotations  at  widely  different  temperatures 
it  has  been  found  that  they  are  not  absolutely  constant,  but  fluctuate 
to  a  slight  extent,  becoming  smaller  as  the  temperature  rises  and 
larger  as  it  falls ;  the  amount  of  variation,  generally  speaking,  being 
greatest  in  cases  where  the  rotation  is  large ;  and,  as  it  has  been 
pointed  out  (Trans.,  1889,  55,  750)  that  there  is  usually  an  analogy 
between  the  peculiarities  of  magnetic  rotations  and  the  refraction  of 
light,  it  was  thought  desirable  to  see  if  it  also  existed  in  reference  to 
changes  of  temperature. 

Dale  and  Gladstone,  in  1863,  came  to  the  conclusion  that  ^iH-   was 

d 
constant,  or  nearly  so,  for  all  temperatures,  and  the  small  variations 
which  had  been  observed  when  working  at  different  temperatures 
were  considered  by  Landolt  and  others  as  arising  from  experimental 
errors.  But  Nasini  and  Bernheimer,  in  1885  (Gazzetta,  15,  59),  show 
from  the  results  of  their  examination  of  the  refractive  power  of  a 
number  of  aromatic  substances,  that  slightly  smaller  numbers  are 
obtained  at  higher  than  at  lower  temperatures ;  and  this  difference 
they  do  not  consider  to  be  due  to  experimental  errors.  Kettler  (Ann. 
Fhys.  Chem.,  1888,  33,  506  and  662)  has  also  examined  water,  alcohol 
and  carbon  bisulphide ;  and  from  his  results  the  same  discrepancy  is 

found  to  occur,  so  that  ■  does  not  appear  to  be  constant  for  al  1 

cu 

temperatures.     The  object  of  the  following  experiments,  however,  was 

not  only  in  reference  to  this,  but  also  to  see  if  the  alterations  due  to 

changes  of  temperature  varied  with  different  classes  of  substances,  as 

they  do  in  the  case  of  the  magnetic  rotation. 

To  make  experiments  of  this  kind,  special  apparatus  is  necessary, 

so  that  the  prisms  containing  the  substance  may  be  maintained  at  a 

constant  temperature  while  on  the  spectrometer.    R.  Ruhlmann  {Ann. 

Fhys.   Chem,  1867,  132,  19)  gives  an  account  of  a  prism  arranged 

for  the  purpose,  and  later  Nasini  and  Bernheimer  (Gazzetta,  1865, 15, 

59)   also   describe  an  apparatus   which  is  an  improvement  on  this. 

It  may  be  said  to  consist  of  a  hollow  prism,  surrounded  by  a  jacket, 

except  at  those  parts  of  the  two  faces  where  the  light  is  required  to 

enter  and  pass  out ;  the  temperature  being  regulated  by  passing  the 

vapour  of  some  substance  of  known  boiling  point,  or  heated  water, 

y  2 
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through  this  jacket;.  Kottler  (Ann.  Vhyf.  Chem.,  1888,  23,  366) 
has  also  described  an  elaborate  refractometer  which  he  nsed  in  his 
expeinments. 

The  apparatus  employed  in  the  following  measurements  is  prac- 
tically an  air-bath  fitted  in  the  centre  of  the  spectrometer,  and  con- 
sists of  a  very  thick  cylindrical  copper  cell,  in  which  the  prism  is 
placed,  slots  beins:  cut  in  its  sides  for  the  entrance  and  exit  of  the 
light.  In  the  walls,  and  also  in  the  thick  copper  lid  of  this  cell, 
channels  are  formed,  so  that  steam  or  water  of  any  desired  temper- 
ature can  be  made  to  circulate  through  them ;  and  thus  it  can  be 
cooled  or  heated  as  desired.  The  slots  for  the  admission  and  exit  of 
light  are  provided  with  sliding  shutters,  by  whinh  their  apertures 
may  be  closed  or  reduced  in  size  at  pleasure.  The  details  of  this 
apparatus  will  be  best  understood  by  reference  to  the  accompanying 
drawings.  Fig.  I  represents  the  complete  apparatus  ;  Fig.  II,  a 
horizontal  section  throug-h  the  dotted  line  on  Fig.  Ill;  Fig.  Ill,  is 
a  vertical  section ;  and  Fig.  IV,  a  diagram  showing  how  the  wa.ter- 
channels  are  connected. 

Fig.  II. — This  shows  the  slots  used  when  measuring:  the  refractive 
and  dispersive  power  of  substances :  these  are  marked  a,  a,  and  are 
made  sufficiently  wide  so  that  when  the  prism  is  removed  ligfht  may 
freely  pass  through  the  centre  of  the  cell,  as  shown  by  the  dotted  line  ; 
this  enables  any  adjustment  of  the  collimator  and  telescope  to  be  made 
without  removing  the  cell  from  the  spectrometer.  A  third  slot,  a,  is 
also  provided;  this  is  used  when  measuring  the  ang-le  of  the  prism 
when  cold  and  when  heated,  c,  c,  c,  c,  c  are  the  sliding  shutters  for  closing 
or  reducing  the  apertures  of  the  slots,  as  may  be  required,  and  thus 
preventing  any  unnecessary  change  of  the  temperature  of  the  air  in 
the  cell  by  the  entrance  of  the  surrounding  air.  h  shows  the  position 
of  the  prism. 

Fig.  III. — In  this  vertical  section  the  slots  are  marked  a,  and  the 
sliding  shutters  c,c.  e  e  is  the  copper  lid  with  which  the  cell  is 
provided,  and  the  aperture  in  its  centre  marked  p  is  an  elongated  open- 
ing through  which  the  tube  ground  into  the  prism,  and  supporting  the 
thermometer,  passes,  as  seen  in  Fig.  I,  n,  o.  The  principal  object  of  this 
section  is  to  show  the  position  of  the  water-passaofes  ;  these  are  marked 
g  g\  h  h',  ii',  and  1 1' ;  they  were  formed  in  the  cell  by  turning  grooves 
in  its  side  and  edges,  and  in  the  same  manner  in  the  lid.  These  were 
afterwards  converted  into  tubes  or  channels,  by  soldering  pieces  of 
metal  over  them,  or  where  the  surfaces  are  required  to  be  level  by 
letting  them  in,  as  seen  in  the  section.  These  channels,  however, 
were  first  interrupted,  and  then  connected  vertically,  as  seen  in 
Fig.  IV,  their  original  course  being  indicated  by  the  dotted  lines. 
About  2  mm.  of  the  bottom  of  the  cell  was  turned  out,  so  that  when 
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staTidiTif?  on  the  spectrometer  it  rests  on  its  edges  only  ;  thus  less  con- 
duction of  heat  takes  place,  and  it  also  enables  it  to  be  turned  freely 
on  its  centre.  A  rod,  marked  q,  is  screwed  into  the  centre  of  the  cell, 
and  passes  down  the  column  which  supports  the  spectrometer.  The 
cell  is  thus  kept  in  its  place,  and  can  be  turned  round  to  any  desired 
extent. 

Fig.  IV  shows  how  the  water  or  steam  circulates  through  the  channels 
of  the  cell,  and  needs  but  little  description.  Passing  down  the  vulcan- 
ised tube/,  Fig.  I,  it  enters/'.  Fig.  IV,  and  flows  on  to  g,  then  round 
the  cell  from  g'  to  h,  returning  to  Ti  on  to  i,  and  after  passing  round 
the  cell  a  third  time,  it  passes  away  by  i' ,  and  j.  After  this  the  water 
enters  the  vulcanised  tube  h  h  k,  Fig.  I,  which  conducts  it  to  the 
channels  in  the  lid  Z,  Fig.  Ill,  and,  finally,  it  flows  away  by  the 
vulcanised  tube  m. 

When  boiling  water  is  circulated  through  the  channels,  the  tem- 
perature of  the  prism  and  its  contents  can  be  maintained  at  92°  about, 
but  when  steam  is  employed  it  can  be  raised  to  a  little  over  97°. 

On  account  of  the  elasticity  of  the  vulcanised  tubes*  /,  k,  m,  which 
form  the  supply  and  exit  for  the  water  or  steam,  the  cell  can  be 
turned  on  its  axis  with  ease  to  a  much  greater  extent  than  is  actually 
required  for  determining  the  refractive  power  of  any  substance  it  may 
contain  ;  r,  r.  Fig.  I,  are  two  small  apertures  in  which  a  screw  with  a 
non-conducting  head  of  ebonite  can  be  fitted  so  that  the  cell  can  be 
moved  about  in  any  direction  when  hot  without  any  inconvenience. 
The  cell  is  provided  inside  with  a  small  levelling  stand  supporting 
the  prism. t 

It  is  believed  that  this  apparatus  has  the  advantage  over  that  of 
N'asini  and  Bernheimer,  inasmuch  as  all  sides  of  the  prism  are  equally 
heated.  Originally  the  prism  was  provided  with  a  small  stirrer 
worked  by  clockwork,  but  it  has  not  been  found  necessary  to  use  this. 

To  see  what  influence  the  rarefied  air  in  the  cell  would  have  on  the 
readings,  a  flat  reflector  was  placed  in  its  centre ;  the  image  of  the 
slit  was  then  made  to  fall  upon  this  from  the  collimator,  the  reflected 
image  being  viewed  w4th  the  telescope  at  an  angle  of  45°.  The  angle 
was  first  carefully  read,  and  the  telescope  fixed  while  the  cell  was 
cold;  it  was  then  heated  up  to  about 85"  for  some  time.  On  examina- 
tion, no  shifting  of  the  image  could  be  discovered.  This  was  repeated 
several  times  with  the  same  results,  different  angles  being  used.  It 
is  evident,  therefore,  that  no  practical  error  could  arise  from  this 
source. 

*  A  low  and  somewhat  hard  quality  of  vulcanised  tubing  is  found  to  be  more 
suitable  for  this  apparatus  than  a  good  quality,  as  it  keeps  more  cylindrical  when 
heated,  and  the  passage  of  water  or  steam  is  not  impeded. 

t  This  apparatus  was  made  by  Hilger. 
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The  hollow  glass  prism  had  an  angle  of  about  60°,  and  no  change 
took  place  in  its  angle  when  heated  up  to  90°. 

The  method  of  using  this  apparatus  is  simple.  The  lid  of  the  cell 
is  first  drawn  aside,  and  the  prism  previously  filled  with  the  substance 
to  be  examined  placed  in  position.  The  lid  is  then  replaced,  and  the 
tube  with  the  thermometer  passed  through  its  elongated  opening  into 
the  prism,  ^nd  the  interstices  filled  in  with  cotton  wool.  The  sliding 
shutters  are  then  closed,  and  the  water  or  steam  allowed  to  pass  through 
the  channels  until  the  temperature  indicated  by  the  thermometer  in  the 
prism  remains  practically  constant ;  they  are  then  opened  sufficiently 
to  adjust  the  prism  approximately,  and  then  brought  as  close  to  each 
other  as  they  can  be  without  interfering  with  the  passage  of  the  light. 
After  standing  for  a  little  while,  the  temperature  is  noted,  the  prism 
adjusted,  and  observations  made.  The  cell  is  then  turned,  so  that  a 
second  set  of  observations  may  be  repeated  from  the  other  side  of  the 
prism. 

Since  bringing  the  subject  before  the  Society  in  June  last  (Proc, 
1891,  115),  most  of  the  substances  there  referred  to  have  been 
remeasured ;  this  has  resulted  in  a  revision  of  the  numbers  then 
given.     A  few  fresh  substances  have  also  been  examined. 

The  following  numbers  are  in  most  instances  averages  of  two  or 
more  sets  of  measurements. 

As  the  magnetic  rotation  has  been  determined  of  two  of  the  sub- 
stances examined  by  Nasini  and  Bernheimer  at  differoit  tempera- 
tures, namely,  thymol  and  cinnamic  alcohol,  the  results  tt  >y  obtained 
are  tabulated  and  introduced  into  this  paper  for  comparisi  a. 

Before  proceeding  further,  it  may  be  useful  to  remark  that  in  the 

following   tables,  the    differences    given  in  the  columns  ^^— —  and 

Ci 

^        p  represent  but  small  differences  in  the  measurements  of  the 


d 

angles ;  this  is  especially  the  case  with  substances  of  low  refractive 
power;  taking  water  as  an  example,  the  difference  in  the  column 

^~  ^  for  68-7°  of  0-00130  represents  about  0°  4'  30",  and  in  the  case 
d 

of  the  very  highly  refractive  body  metliylene  iodide,  in  the  analogous 
column  for  78*6°  of  0*00236  represents  about  0°  48'.  The  results  are 
therefore  influenced  considerably  by  small  errors  in  the  measure- 
ments, and  as  the  densities  come  into  the  calculations,  any  small 
errors  in  these  have  an  influence  on  the  final  results,  which  therefore 
cannot  be  regarded  as  exact  numbers,  though  it  is  hoped  they 
are  close  approximations. 

In  the  following  tables,  the  differences  are  first  given  for  the  tem- 
peratures at  which  the  bodies  were  examined ;  they  are  then  given 
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for  these  differences  calculated  for  100° ;  this  has  been  done  for  the 
sake  of  comparison  only,  and  is  not  likely  to  be  strictly  correct, 
because  the  differences  apparently  are  not  the  same  for  each  degree 
of  temperature.  At  any  rate  this  is  seen  to  be  the  case  with  the 
results  obtained  by  Kettler  with  water,  when  they  increase  in  mag- 
nitude as  the  temperature  rises. 

If  an  average  of  the  differences  obtained  for  the  lines  A,  C,  D,  and 
F  be  taken,  a  number  is  obtained,  which  is  practically  that  of  D,  and 
as  it  is  thought  that  such  an  average  is  likely  to  give  a  more  accu- 
rate number  than  that  obtained  for  this  line  only,  it  has  been  taken 
whenever  possible,  and  the  D  line  has  consequently  been  selected  for 
comparison  instead  of  the  A  line  previously  used. 

The  following  atomic  weights  were  used  in  the  calculations  : — 
C  =  12,  H  =  1,  0  =  16,  N  =  14,  CI  =  35-5,  Br  =  80,  I  =  127. 

Refractive  Power  of  Water. 

The  results  I  have  obtained  with  water  are  contained  in  the  table 
on  p.  292,  and  for  the  sake  of  comparison  I  also  give  those  of 
Gladstone  {Phil.  Trans.,  1870,  28)  and  of  Kettler  {Ann.  Phys.  Ghem., 
33,  28) ;  it  will  be  remembered  that  the  lithium  line  a  is  very 
nearly  the  same  as  C  or  Ha. 


Kettler. 


G-ladstone. 


15°.  15°.                      87-3°. 

A 1-32924  —                     — 

a —  1-33148  1-32035 

D 1-33328  1-33365  132245 

Kettler's  numbers  when  calculated  for  ^^^^^  give  for  the  difference 

of  68-7''  (taken  between  15°  and  83-7°)  for  a  and  D  0-00136,  which 
for  100°  gives  0-00197  for  a  and  000198  for  D.  This  is  very  close 
to  the  found  numbers  above,  bat  a  little  higher  than  the  average  for 
D,  and  it  is  probable  that  this  latter  is  a  little  low,  as  the  differences 
found  for  A  and  F  appear  rather  small  when  compared  with  C 
and  D. 
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From  the  foregoing  results,  it  will  be  seen  that  all  the  substances 
examined  show  a  reduction  of  refractive  power  when  heated,  this 
reduction  varying  in  amount  for  each  substance.  This  is  also  found 
to  be  the  case  in  examining  the  results  obtained  by  Nasini  and 
Bernheimer. 

With  respect  to  dispersion,  the  influence  of  heat  appears  to  have  a 
slight  effect.  If  the  difference  of  the  molecular  refraction  between 
the  lines  which  are  wide  apart  be  compared  for  the  results  obtained 
at  low  and  high  temperatures,  it  is  seen  that  they  are  not  the  same, 
the  difference  being  smaller  for  high  temperature.  Phenyl  bromide 
and  aniHne  may  be  taken  as  examples. 


Line. 

t.4-2  . 

t.  89  -2°. 

G 
A 

61-801 
57  -875 

Gl'-423 

57' -564 

Difference  between  A  and  G- 

Aniline 

A 

3-926 

t.  11  -2°. 
56  134 
52-153 

3  -859 

t  90  -1°. 
55  -920 

51  -974 

" 

Difference  between  A  and  Q- 

.... 

3-981 

3-946 

In  the  first  case,  the  dispersion  appears  as  0'067,  and  in  the  second 
0*035,  lower  for  high  temperatures,  but  it  is  not  so  much  as  this,  as 
the  molecular  refraction  is  represented  by  lower  numbers  at  high 
tlian  at  low  temperature,  but  if  the  ratio  between  the  numbers  for  the 
low  temperature  be  calculated  for  those  of  the  higher  temperatares, 
the  real  difference  will  be  found ;  thus,  m  the  case  of  phenyl 
bromide, 

t.  4-2°.  t.  89-2°. 


Gl-801  :  57-875 


61-423 


57-521. 


The  found  number  57"564  giving  a  difference  from  the  calculated 
of  0  043.  This  is  for  85°,  or  about  0-050  for  100°.  These  amounts 
are  very  small,  and  might  be  passed  over,  only  they  are  all  in  the 
same  direction,  and  on  examining  the  numbers  given  by  Nasini 
and  Bernheimer,  the  same  thing  is  observed. 

On  calculating  the  results  for  the  refraction  of  the  substances' 
examined  above  by  Lorenz's  formulae,  the  results  obtained  for  high 
temperatures  give  higher  numbers  than  those  for  low  temperatures. 
This  is  also  shown  to   be  the  case  from  the  tabulated  results  in  the 
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paper  by  Nasini  and  l^ernheimer,  indicating  that  these  formulas  are 
not  applicable  for  high  temperatures. 

The  following  table  is  arranged  in  the  order  of  the  refractive 
indices  of  the  substances  which  have  been  examined,  with,  the  difference 
for  the  refractive  energy  and  molecular  refraction  found  for  100'', 
the  D  line  being  taken — 


Water 

Heptane 

Octyl  iodide 

Toluene 

Thymol 

Phenyl  chloride. . 
Ethyl  cinnamate  . 
Dimethylaniline. . 
Phenyl  bromide . . 
Cinnamic  alcohol. 

Aniline 

Phenyl  iodide. .  . . 
a  -Naph  thy  lamine 
Methylene  iodide. 


15-0° 

12-2 

14-5 

10-7 

24-4 

9  6 
12-9 

8  0 

4-2 
24-8 
11-2 

8-0 
51-0 

8-4 


F-B- 


•33362 

•39178 
•49166 
•50236 
•51893 

•  53057 
•56351 

•  56489 
•56796 
•57990 
•59073 
•62707 
•67034 
•74881 


Difference 


for 


•00190 
•00407 
•00211 
00384 
•00245 
•00271 
•00325 
•00330 
•00241 
•00380 
•00267 
•00242 
•00322 
•00300 


Difference 


for 


A^D 


-P- 


•031 
•407 
•506 
•353 
•367 
•301 
•574 
•400 
•380 
•509 
•248 
•494 
•461 
•807 


From  this  we  see  that  there  is  no  relationship  between  these 
differences  and  the  refractive  indices.  If,  however,  the  substances  of 
the  aromatic  series  be  taken  alone  and  tabulated  according  to  their 
refractive  energy,  cinnamic  alcohol  excepted,  it  is  found  that  they 
group  themselves,  and  the  differences  for  100°  become  more  or  less 
closely  related. 


Phenyl  iodide  . . 
„      bromide . , 
„      chloride  . , 

Ethyl  cinnamate 
Cinnamic  alcohol 

Thymol 

Toluene 

Aniline 

Dimethylaniline  , 
a-Naphthylamine 


MD 


0^33927 
0^37613 
0  ^47510 

0  53383 
0-55750 

0  -53556 

0-57391 

0-57469 
0^58424 
0  ^60917 


Difference 
for  100. 


0  00242 
0 • 00240 
0  ^00271 

0  ^00325 
0  00380 

0^00245 

0 '00384 

0  ^00267 
0^0U348 
0  ^00322 


69-212 
59  053 
53  -449 

93  -954 
74  706 

80-334 

52  -800 

53 -446 
70-693 
87^111 


Difference 
for  100°. 


0  494 
0-380 
0-310 

0-571 
0-509 

0^367 

0-353 

0-261 
0^400 
0-466 
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Here  it  is  seen  that  the  differences  do  not  vary  with  the  refractive 
energy,  but  that  each  group  of  substances  has  differences  of  its  own. 
In  the  case  of  the  halogen  compounds  of  phenyl,  these  only  vary  from 
0*00240  to  000271 ;  most  likely,  if  the  numbers  were  absolutely- 
accurate,  phenyl  bromide  would  give  a  difference  somewhere  inter- 
mediate between  the  chloride  and  iodide.  In  the  case  of  ethyl 
cinnamate  and  cinnamic  alcohol,  a  very  close  accord  cannot  be  expected, 
because,  although  thej  are  both  unsaturated  compounds  and  related 
to  each  other,  yet  in  composition  they  differ.  The  group  of  three 
bases  comes  last,  and  the  variations  here,  considering  the  difference  of 
their  composition,  are  not  very  great. 

Unfortunately,  in  the  fatty  series  there  have  not  been  any  closely- 
related  substances  examined  so  as  to  fall  into  groups,  but  the  differ- 
ences are  quite  as  large  as  in  the  aromatic  series. 

Do  these  results  in  any  way  coincide  with  those  obtained  from  the 
magnetic  rotations  ?  That  the  refractive  and  magnetic  rotatory 
powers  of  substances  are  reduced  by  heat  is  certainly  true,  and  for 
some  time  I  was  inclined  to  think  the  analogy  ended  there,  but  when 
the  numbers  are  arranged  as  in  the  last  table  it  would  appear  that  it 
goes  further. 

In  considering  this,  it  is  necessary  to  compare  the  differences  ob- 
tained for  the  molecular  refraction  with  those  of  the  molenular  magnetic 
rotation.  Taking  the  halogen  compounds  of  phenyl,  it  will  be  seen 
from  the  last  table  that  the  differences  rise  from  the  chloride  to  the 
bromide,  and  then  to  the  iodide.  In  the  magnetic  rotation  they  behave 
in  the  same  manner. 

Ethyl  Cinnamate  and  Cinnamic  Alcohol. — Here  again  the  same  kind 
of  analogy  is  seen,  the  differences  going  in  the  same  direction,  and  in 
both  cases  are  larger  than  those  of  saturated  compounds  nearly 
related  to  them.  The  bases  aniline,  dimethylaniline,  and  a-naphthyl- 
amine  give  results  which  also  are  of  the  same  kind  as  the  magnetic 
rotation,  aniline  giving  the  smaller,  and  a-naphthylamine  the  larger, 
difference. 

Water  is  an  exception.  In  the  case  of  the  magnetic  rotation,  no 
change  has  been  found  in  its  rotations  for  different  temperatures, 
beyond  that  due  to  change  of  density ;  the  difference  in  respect  to  its 
molecular  refractive  power  is,  however,  very  small. 

The  relations  of  these  differences  to  the  molecular  refraction  are 
not  the  same  as  those  found  in  reference  to  the  molecular  magnetic 
rotations  ;  for  example,  aniline  gives  a  small,  and  phenyl  iodide  a 
rather  large,  difference  in  the  former,  but  both  have  large  ones  in  the 
latter  case.  Again,  thymol  and  toluene  have  similar  ones  in  the 
former,  whilst  toluene  has  a  larger  one  than  thymol  in  the  latter  case. 
In  both  instances,  methylene  iodide  gives  large  results. 


310  AT>AMS:  ESTIMATION   OF   OXYGEN 

In  the  fatty  series,  the  differences  in  the  molecular  magnetic 
rotations  due  to  variations  of  temperature  are  always  smaller  than  in 
the  aromatic  series,  but  in  their  molecular  refraction  they  are  apparently 
as  large  or  larger ;  thus^  with  heptane  and  octyl  iodide,  they  are  larger 
than  those  of  toluene  and  phenyliodide. 


XXIV, — Estimation  of  Oxygen  Dissolved  in  Water. 
By  Matthew  A.  Adams,  F.R.C.S.,  F.I.C. 

Although  it  is  something  like  15  years  since  Schiitzenberger  pub- 
lished his  process  for  the  volumetric  estimation  of  oxygen  in  water 
by  means  of  hyposulphite  of  soda,  that  process,  on  the  one  hand,  has 
never  been  superseded,  nor,  on  the  other,  has  it  ever  become  estab- 
lished as  a  common  everyday  practical  method  for  ordinary  use, 
although  many  attempts  have  been  made  to  render  the  original  process 
more  perfect  and  better  adapted  for  the  purposes  of  the  technical 
chemist. 

Passing  over  the  earlier  of  these  attempts  by  Konig  and  Mutschler, 
Tiemann  and  Preusse,  Hutchinson,  Bernthsen,  and  others,  we  find 
Dr.  Dupre  describing  a  modification  of  it  in  the  pages  of  the  Analyst, 
which  I,  in  common,  I  believe,  with  many  others,  used  with  con- 
fidence till  the  publication  of  Roscoe  and  Lunt's  contribution  to  this 
subject  (Trans.,  1889,  55,  552). 

In  that  paper  it  is  pointed  out  that  the  process,  as  previously  em- 
ployed, was  open  to  grave  error,  owing  to  the  diffusion  of  dissolved 
oxygen  out  of  the  water  into  the  atmosphere  of  hydrogen  in  which 
the  experiment  was  ordinarily  conducted,  also  on  account  of  diffusion 
of  atmospheric  oxygen  from  without  into  and  through  the  long  india- 
rubber  tubes  which  form  essential  parts  of  the  apparatus  as  employed 
by  Dupre. 

In  the  endeavour  to  avoid  these  risks,  Roscoe  and  Lunt  make  the 
apparatus  they  employ  so  compIica,ted  and  so  unportable  as  in  great 
measure  to  render  their  method  unsuitable  for  technical  use. 

It  was  with  a  view  of  meeting  these  objections,  in  a  manner  simple 
and  convenient,  that  I  was  led  to  design  the  apparatus  now  about  to 
be  described,  which  will,  I  hope,  furnish  the  chemist  with  a  means  by 
which  the  volumetric  estimation  of  oxygen  in  water  may  be  accom- 
plished with  ease  and  absolute  freedom  from  the  ordinary  sources  of 
error  that  have  been  pointed  out  by  Roscoe. 
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The  essential  principle  of  my  method  is  that  the  water  under  exami- 
nation, from  first  to  last,  shall  be  kept  beyond  the  possibility  of  con- 
tact with  any  gaseoas  medium  whatever,  and  the  essential  feature  of 
the  apparatus  is  that  the  whole  process  is  conducted  in  a  closed  glass 
vessel,  into  which  the  water  under  examination,  together  with  the 
necessary  reagents,  is  admitted,  but  to  the  entire  exclusion  of  any 
kind  of  atmosphere. 

The  apparatus  consists,  in  the  first  place,  of  a  s.pecially  constructed 
vessel,  the  laboratory  vessel,  made  of  stout  glass  of  about  350  c.c. 
capacity,  cylindrical  in  shape,  20  cm.  long  and  5  cm.  in  diameter, 
closed  at  both  ends,  and  having  four  tubulures  at  its  centre,  set  at 
equal  distances  around  its  circumference.     This  is  mounted  upon  a 


Laboratory  vessel.       Quarter  size.  Trans-verse 

and  Longitudinal  Sections. 

wooden  stand,  two  opposite  tubulures  resting  upon  the  wooden  sup- 
port, like  the  trunnions  of  a  cannon,  so  placed  that  it  can  be  rocked  in 
the  vertical  plane  around  its  transverse  axis.  Attached  to  the  wooden 
stand  is  a  vertical  prolongation  with  arms  which  carry  two  burettes, 
one  intended  for  the  indigo  indicator,  the  other  for  the  hyposulphite 
reagent,  the  one  being  connected  to  the  left  and  the  other  to  the  right 
hand  tubulures,  each  being  controlled  by  a  tixed  pinch-cock.  Attached 
to  the  bottom  tubulure  is  a  flexible  tube  communicat.'ng  with  a 
reservoir  of  mercury,  and  to  the  top  tubulure  is  fitted  the  stem  of  a 
Y-tube,  one  branch  serving  as  the  inlet  to  the  laboratory  vessel  from 
the  supply  of  water  under  examination,  and  the  other  as  outlet;  this 
latter,  discharging  into  a  graduated  cylinder,  gives  the  means  of 
measurement.  Each  of  these  tubes  is  also  controlled  by  a  pinch- 
cock. 

The  hyposulphite  burette  is  supplied  from  a  stock  bottle  by  siphon 
action,  in  the  usual  manner,  and  the  hyposulphite  solution,  both  in 
the  burette  and  the  stock  bottle,  is  protected  by  a  layer  of  light 
petroleum,  besides  which,  as  an  additional  protection  against  access 
of  atmospheric  oxygen,  the  spaces  above  the  light  petroleum  in  the 
burette  and  stock  bottle  are  in  free  communication  with  a  tube  con- 
veying common  illuminating  gas. 

The  mercury  reservoir  is  of  the  ordinary  kind,  with  tubulure  near 
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the  bottom,  and  the  mouth  is  closed  with  an  india-rubber  cork,  per- 
forated to  receive  the  narrow  stem  of  a  funnel ;  on  this  stem  a  mark 
is  made,  for  a  purpose  to  be  presently  explained. 

The  mode  of  working  requires  but  little  explanation ;  the  water  to 
be  examined  and  the  reagents  are  aspirated  into  the  laboratory  vessel 
or  expelled  out  of  it  by  the  effect  of  the  gravity  of  mercury.  To  com- 
mence an  experiment,  the  laboratory  vessel  is  first  completely  filled 
with  mercury  by  raising  the  reservoir;  and  then  by  lowering  it,  the 
water  for  analysis  is  gently  aspirated  into  the  laboratory  vessel ; 
when  the  letreating  mercury  rises  to  the  mark  on  the  stem  of  the 
funnel  attached  to  the  reservoir,  the  full  charge  of  water  required  for 
the  experiment  has  been  taken  into  the  laboratory  vessel,  and  this 
being  a  fixed  quantity,  that  can  easily  be  repeated  again  and  again 
with  great  exactitude,  it  constitutes  a  fundamental  unit  of  measure- 
ment, the  actual  amount  (which,  in  point  of  fact,  is  some  170  c.c.) 
being  of  no  importance. 

In  this  way  water  is  introduced  into  the  laboratory  vessel  until  it  is 
e.  little  more  than  half  full,  the  remainder  of  the  space  being  still 
occupied  by  mercury  ;  the  level  of  the  latter  is  a  trifle  below  the  aper- 
tures which  give  admission  to  the  reagents.  Each  of  these  apertures 
is  occupied  by  a  glass  tube  passing  through  an  india-rubber  cork,  and 
having  an  india-rubber  valve,  which,  whilst  allowing  ingress  of  the 
reagent  into  the  laboratory  vessel,  prevents  either  reflux  or  diffusion 
taking  place  into  the  burettes. 

On  introducing  the  indigo  solution  into  the  cylinder,  the  water 
becomes  coloured,  and  under  it  we  have  the  strongly  reflecting  surface 
of  the  mercury,  so  that  when  the  hyposulphite  is  run  in,  and  the  vessel 
rocked  upon  its  trunnions  to  effect  a  mixture  of  the  reagents  with  the 
water,  the  minutest  change  of  colour  is  at  once  made  manifest,  and 
the  end  of  the  reaction  controlled  with  the  utmost  possible  precision ; 
I  have  mentioned  that  the  water,  when  admitted,  is  taken  in  until 
the  mercury  rises  to  the  mark  on  the  stem  of  the  funnel ;  this  funnel 
allows  space  for  the  mercury  displaced  from  the  laboratory  vessel 
on  the  admission  of  the  reagents.  At  the  conclusion  of  each  experi- 
ment the  mercury  reservoir  is  raised,  and  the  watery  contents  of  the 
laboratory  vessel  discharged  through  the  outlet  branch  of  the  Y-t^be 
into  the  measuring  cylinder,  so  that,  if  it  is  desired  to  ascertain  the 
precise  volume  of  water  operated  upon,  this  can  easily  be  done  by 
subtracting  the  amounts  of  the  reagents  used  from  the  total  bulk  of 
the  discharged  fluid ;  this  ended,  the  apparatus  is  again  ready  for 
the  next  experiment. 

One,  and  certainly  not  the  least,  of  the  incidental  advantages  of  this 
instrument  is  that  the  water  operated  upon  can  be  taken  into  the 
laboratory  vessel  from  any  situation,  high  or  low  down  beneath  the 


DISSOLVED  IN  WATER. 


313 


314  ADAMS:   ESTIMATION  OF  OXYGEN 

surface  of  the  water,  either  as  it  exists  in  its  natural  position  or  in 
the  collecting  vessel,  and,  moreover,  so  quietly  that  it  reaches  the 
laboratory  vessel,  having  suffered  the  least  possible  mechanical  dis- 
turbance. 

Before  relating  the  results  of  experiments  with  my  apparatus,  it 
will  be  well  to  call  to  mind  some  of  the  recorded  experiences  of  former 
experimenters. 

Schiiczenberger  himself  first  observed,  and  this  has  been  verified 
by  all  who  have  followed  him,  that  the  reaction  between  the 
hyposulphite  and  the  dissolved  oxygen  is  not  accomplished  in  an 
evenly-continuous  manner,  but  the  end  reaction  is  reached  by  two 
distinct  stages.  Moreover,  he  found  that  by  varying  the  method  or 
order  of  procedure  in  the  steps  of  his  process,  the  relative  position  of 
those  stages  was  altered  ;  hisj^rs^  method  was  to  commence  by  intro- 
ducing the  water  into  his  apparatus,  adding  the  indicator,  and  then 
the  hyposulphite  ;  by  his  second  method,  he  began  by  introducing  an 
indefinite  amount  of  warm  water,  to  which  was  added  the  indicator 
and  then  just  sufficient  hyposulphite  to  destroy  the  colour  of  the  in- 
dicator, after  which  a  measured  quantity  of  the  water  to  be  tested 
was  introduced,  the  effect  of  which  was  to  restore  the  blue  colour  of 
the  indigo  ;  upon  that  more  hyposulphite  was  added  until  the  colour 
was  again  discharged. 

According  to  Schiitzenberger,  the  first  method  estimates  the  half 
only  of  the  dissolved  oxygen  actually  present,  and  he  suggests  that 
the  other  half  combines  with  the  water  to  form  hydrogen  peroxide ; 
as  to  the  formation  of  hydrogen  peroxide,  Konig  and  Mutschler 
agree  ;  subsequently,  Ramsay  and  Williams  in  great  measure  confirm 
Schiitzenberger's  observations,  but  make  the  ratio  between  the  first 
and  second  stages  to  be  as  3  to  5  instead  of  1  to  1,  and,  moreover,  by 
direct  experiment,  they  test  the  question  of  the  influence  of  dissolved 
hydrogen  peroxide  on  the  hyposulphite  reagent,  and  show  that  per- 
oxide of  hydroe:en  is  only  partially  estimated  by  hyposulphite,  and 
that  the  partition  of  the  oxygen  between  the  indigo-white  and  the 
hyposulphite  varies  with  the  degree  of  dilution  and  the  temperature  ; 
in  one  series  of  experiments  202  per  cent,  and  in  another  17'3 
per  cent,  only  of  the  oxygen  of  the  peroxide  actually  present  being 
estimated  by  reaction  with  the  hyposulphite,  the  conclusion  they  come 
to,  however,  is  that  if  the  reaction  is  pushed  to  the  end  of  the  final 
stage,  the  two  methods  of  procedure  give  results  which  are  identical. 
.The  latter  point  was  also  confirmed  by  Dupre. 

The  observations  of  Dupre  and  of  Ramsay  and  Williams  were  pub- 
lished in  the  years  1885-86,  and  I  think  I  may  say  the  Schiitzen- 
berger process,  as  modified  by  Dupre,  was  extensively  used  for 
technical  purposes;  speaking  for  myself,  I  used  it  with  every  con- 
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iidence  until  the  middle  of  1889,  when,  in  conversation  with  Sir  H. 
Roscoe,  I  found  that  discredit  was  cast  upon  an  important  series  of 
observations  I  had  made  concerningr  the  pollution  of  the  Eiver 
Med  way,  on  the  ground  that  the  Schiitzenber^er  process  as  hitherto 
employed  involved  sources  of  error  equal  to  47  per  cent,  in  proportion 
to  the  length  of  time  occupied  in  the  execution  of  the  titration  with 
the  hyposulphite,  and  in  the  Transactions  for  1881^  is  a  paper  by 
Roscoe  and  Lunt  setting  forth  the  grounds  upon  which  this  belief  had 
been  based ;  according  to  their  observations,  the  following  facts, 
among  others,  were  established  : — 

1.  That  water  holding  oxygen  in  solution  and  contained  in  a  vessel 
along  with  pure  hydrogen  gives  up  a  part,  and,  in  course  of  time, 
practically  the  whole,  of  its  dissolved  oxygen  by  diffusion  into  the 
supernatant  hydrogen. 

2.  That  the  size  and  shape  of  the  vessel  in  which  the  experiment  is 
conducted,  in  so  far  as  it  exposes  a  larger  surface  of  the  water  and 
contains  a  greater  bnlk  of  the  hydrogen  atmosphere,  effects  this  dif- 
fusion with  proportionate  rapidity. 

3.  As  a  "  positive  proof  that  when  pure  hydrogen  comes  into  con- 
tact with  aerated  water  it  is  contaminated  with  oxygen,  they  record 
an  experiment  to  show  that  when  hydrogen  so  contaminated  is  im- 
prisoned above  a  solution  which  will  indicate  the  presence  of  oxygen 
by  the  formation  of  a  blue  colour,  this  blue  colour  is  first  observed  at 
the  surface  of  the  liquid." 

Acting  upon  these  convictions,  the  method  of  Roscoe  and  Lunt  is 
so  contrived  that  the  water  operated  upon  is  kept  as  far  as  possible 
out  of  contact  with  the  hydrogen,  the  essential  feature  of  the 
manipulation  being  that  Schiitzenberger's  process  is  inverted,  that 
is,  instead  of  the  reducing  agent  being  added  to  the  water,  the  aerated 
water  is  introduced  into,  and  beneath  the  surface  of,  the  reducing 
asrent,  so  that  the  free  oxygen  of  the  water  may  at  once  combine 
with  the  hyposulphite  before  it  has  a  chance  of  diffusing  into  the 
hydrogen. 

These  observers  take  no  other  account  of  the  two  distinct  stages 
in  the  titration,  as  recorded  by  previous  experimenters,  than  appears 
to  be  implied  in  a  proposition  that  the  second  stage  is  due  to  the  re- 
absorption  into  the  liquid  of  the  oxygen  diffused  into  the  hydrogen 
atmosphere;  neither  do  we  find  any  allusion  to  the  suggested  forma- 
tion of  peroxide  of  hydrogen  in  the  course  of  the  reaction. 

The  scheme  of  my  apparatus  being  very  simple,  and  its  application 
so  obvious,  a  detailed  description  of  the  practical  working  with  it  is 
hardly  required,  the  principle  involved  being  precisely  the  same  as 
that  concerned  in  other  processes;  consequently  a  cursory  description 
is  all  that  is  necessary,  and  even  this  more  for  the  sake  of  the  oppor- 
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tunity  it  affords  for  recording  certain  interesting  points,  one  of  whicli 
at  least  must  have  an  important  fundamental  bearing  upon  any  pro- 
cess in  which  Schiitzcnberger's  reagent  is  employed. 
In  actual  practice  at  the  outset  we  ascertain  :  — 

1.  The  oxygen  value  of  the  indicator  in  terms  of  hyposulphite 
reagent. 

2.  Next,  we  carefully  standardise  the  hyposulphite  reagent  by  fully 
aerated  distilled  water,  noting  temperature  and  barometric  pressure 
and  using  Roscoe's  table. 

3.  We  are  then  in  a  position  to  estimate  the  oxygen  dissolved  in 
the  sample  under  examination. 

1.  With  respect  to  the  indicator,  for  reasons  which  will  presently 
appear,  I  have  made  a  large  number  of  experiments  to  ascertain 
whether  indigo-carmine,  the  agent  usually  employed,  is  the  best  for 
the  purpose,  and  whether  this  substance  could  by  any  possibility  piny 
any  other  part  than  the  passive  one,  of  an  indicator  pure  and  simple  ; 
these  experiments  have  included  trials  with  Bismarck-brown,  nigrosin, 
methyl-blue,  &c.,  but  I  much  prefer  indigo-carmine.  The  first  two  are 
not  properly  reduced  by  the  hyposulphite  ;  methyl-blue  is,  but  as  it 
becomes  perfectly  colourless,  it  does  not  afford  so  sharp  an  end  re- 
action as  the  golden-yellow  of  the  indigo-carmine  in  its  reduced 
condition ;  this  yellow  tint,  being  complementary  to  the  blue  of  the 
oxidised  state,  forms  a  most  striking  contrast  and  affords  the  best 
possible  indication  of  the  end  reaction.  As  regards  the  amount  of  tho 
indicator  to  be  employed,  it  is  desirable  that  the  coloration  should  not 
be  too  dense  :  5  c.c.  of  a  solution  containing  0  5  gram  of  indigo-carmine 
to  a  litre  of  water  constitutes  a  suitable  strength,  the  blue  colour  of 
which,  on  the  instant  of  the  end  point  being  reached,  flashes  into  a 
golden-yellow,  and  lighted  up  by  the  brilliant  reflection  from  the 
surface  of  the  mercury,  marks  the  end  of  the  reaction  in  the  most 
satisfactory  manner. 

We  determine  its  hyposulphite  value  by  running  into  the  laboratory 
vessel  about  100  c.c.  of  water,  and  adding  a  few  drops  of  the  indigo  ; 
the  colour  thereby  produced  is  then  exactly  discharged  by  hypo- 
sulphite ;  then  15  c.c.  of  indigo  are  run  in  and  the  amount  of  hypo- 
sulphite now  required  to  discharge  the  colour  exactly  noted ;  this  is 
repeated  with  another  15  c.c.  of  indigo,  and  the  total  hyposulphite 
used  in  the  two  experiments  divided  by  6  gives  the  allowance  to  be 
made  for  the  hyposulphite  used  up  by  the  5  c.c.  of  indicator  employed 
in  each  experiment.  To  make  sure  that  the  amount  of  indicator 
employed  has  no  perturbing  influence,  a  number  of  experiments  were 
made,  and  as  the  following  series  show,  it  is  without  effect. 
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Aerated  Tap  Water, 


Number  of 
experiments. 

Amount  of  indigo 
solution  used,  each 

5  c.c.  of  which 

consumed  1  -38  c.c. 

of  hyposulphite. 

Hyposulphite  actually 
consumed  by  the 
water  corrected  to 
constant  volume. 

Limit  of  experi- 
mental error. 

6 
3 
2 
2 

5  c.c. 
10    „ 
15    „ 
20    „ 

12-4.1 
12-34 
12-52 
12-58 

-0-03 
-0-12 
+  0-06 
+  0-12 

13 

Mean    12-46 

=  0-12 

2.  With  respect  to  the  hyposulphite  reagent,  it  is  very  important 
that  in  its  preparation  only  as  small  an  excess  of  lime  as  possible 
should  be  used,  this  reagent,  when  strongly  alkaline,  being  far  less 
sensitive,  so  that  the  sharpness  of  the  end  point  is  much  impaired. 
It  is  well,  also,  to  recall  to  mind  that  this  reagent  is  very  unstable 
and  must  be  standardised  at  least  once  a  day,  and  as  it  appears  to  me 
this  instability  is  promoted  by  exposure  to  light,  I  am  in  the  habit  of 
keeping  the  stock  well  protected  so  as  to  entirely  exclude  light ; 
having  regard  to  the  size  of  our  laboratory  vessel,  it  is  desirable 
that  the  hyposulphite  should  be  of  such  a  strength  that  about  10  to 
12  c.c.  suffice  for  a  single  experiment. 

3.  As  respects  the  actual  operation  of  the  experiment,  in  the  first 
place  it  is  to  be  remarked  that  where  by  Roscoe's  method  it  is  possible 
to  conduct  the  experiment  in  the  invert  manner  only,  that  is  to  say, 
by  adding  the  aerated  water  to  be  tested  to  the  reducing  agent,  with 
my  apparatus  we  can  pursue  either  the  indirect  method  of  E/Oscoe  or 
the  direct  method  of  Schiitzenberger,  a  circumstance  which  has  re- 
vealed points  of  interest  now  to  be  recorded. 

As  a  first  result  of  our  new  method,  it  was  confidently  expected 
that  all  distinction  of  first  and  second  stages  would  have  been  abo- 
lished, but,  to  our  surprise,  upon  trial  we  found  that  these  two  stages 
were  as  strongly  manifest  as  ever ;  for  example  : — 


Sample  aerated  tap  water. 

To  end  of 

first  stage. 

Difference. 

Total  to  end  of 
second  stage. 

Direct   titration  consumed  of  hypo- 
sulphite 
Indirect      do.             do.             do. 

15-66 
17  -23 

6-12 
4-37 

21-78 
21-60 

VOL.    LXI. 


2    A 
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Moreover,  we  still  encountered  the  same  difficulty  as  our  pre- 
decessors, for  it  seemed  impossible  to  discover  any  fixed  ratio  between 
the  first  and  second  stages.  At  this  point  of  our  research  we  were  as 
much,  indeed  even  more,  in  the  dark  than  ever,  for  our  experiments 
appeared  to  upset  Roscoe's  deductions  altogether,  without  any  com- 
pensatory advance  on  our  part ;  it  was  at  this  stage  that  we  made  a 
thorough  investigation  of  the  bearing  of  the  indicator,  and  failing 
any  explanation  from  this  quarter,  we  turned  our  attention  to  the 
mercury,  which  was  an  ordinary  commercial  sample  of  reasonable 
purity;  this  was  now  purified,  by  thoroughly  washing  it  by  agitation 
with  a  solution  of  mercurous  nitrate,  and  filtering ;  on  replacing  it  in 
the  apparatus,  much  to  our  satisfaction,  the  first  stage  altogether 
vanished,  the  end  reaction  came  out  sharp  and  clear  without  the 
shadow  of  anything  to  indicate  a  return  of  the  blue,  and  it  seemed 
the  object  desired  had  been  attained  ;  not  so,  however,  for  when  we 
came  to  look  into  the  matter  more  critically,  we  were  met  by  another 
surprise.  Remember  our  process  admits  of  the  direct  as  well  as  the 
indirect  method  of  procedure ;  when  these  two  modes  came  to  be  com- 
pared, it  was  found  that  the  results  did  not  agree,  the  indirect  method 
always  consumed  more  hyposulphite  than  the  direct  method,  and  it 
soon  became  evident  that  the  results  obtained  by  the  direct  method 
could  be  made  to  vary  among  themselves  very  largely,  according  to 
the  speed  with  which  the  experiment  was  conducted,  and  this,  not- 
withstanding there  was  no  second  stage  and  no  atmosphere  or  im- 
purity in  the  mercur}^  to  which  diffusion  or  detention  of  the  lost 
oxygen  could  be  attributed.  This  could  not  be  accounted  for,  there- 
fore, on  the  supposition  that  the  cause  of  it  was  the  source  of  error 
pointed  out  by  Roscoe.  On  this  account  we  came  to  the  conclusion 
that  it  is  necessary  to  conduct  the  experiment  in  the  indirect  manner 
by  adding  the  water  under  examination  to  the  hyposulphite  reagent, 
first  of  all,  however,  as  a  matter  of  expedience,  having  ascertained  by 
a  direct  experiment  the  amount  of  hyposulphite  reagent  likely  to  be 
required  for  the  indirect  method. 

The  following  examples  illustrate  this  : — 

Average  of  4  experiments,  quick,  direct  nsed,  15-12  hyposulphite. 
„  3  ,,  slow         „        „      13-60  „ 

„  3  ,,  reversed,  indirect 

nsed  15-81 

From  this  it  would  appear  that  although  our  experiments  are  not  in 
direct  conflict  with  the  diffusion  theory  of  Roscoe  and  Luut,  they  at 
least  show  that  their  reasoning  is  insufficient  to  account  for  the  facts 
of  the  case,  and  that  there  is  something  else  to  be  considered  besides 
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the  liability  of  diffusion  of  the  dissolved  oxygen  into  the  supernatant 
atmosphere  contained  in  the  vessel  in  which  the  experiment  is  con- 
ducted. 

These  two  mysteries  revealed  by  my  experiments  have  been  made 
the  subject  of  numerous  experiments  with  the  object  of  discovering  a 
satisfactory  explanation.  Speaking  with  reserve,  I  am  inclined  to 
attribute  the  first  of  these  to  the  presence  of  mercurous  oxide,  and 
the  second  to  the  formation  of  hydrogen  peroxide  ;  our  reason  for  the 
first  of  these  opinions  is  as  follows  : — We  had  noticed  that  the  surface 
of  the  impure  mercury,  before  it  had  been  washed  with  mercurous 
nitrate,  had  a  more  or  less  dirty  scum  on  its  surface,  which  was,  of 
course,  entirely  removed  by  filtration  before  the  mercury  was  returned 
to  the  laboratory  vessel.  I  believe  that  this  was  mercurous  oxide, 
and  that  it  was  temporarily  converted  by  nascent  oxygen  into  mer- 
curic oxide,  but  afterwards  returned  to  the  mercurous  state  as  it 
slowly  gave  up  its  extra  atom  of  oxygen  under  the  more  powerful 
affinity  of  the  surplus  hyposulphite  consumed  by  the  indigo,  thereby 
restoring  the  indigo  to  its  blue  colour. 

With  regard  to  the  formation  of  hydrogen  peroxide,  all  our  en- 
deavours to  obtain  direct  evidence  of  the  presence  of  this  substance 
have  as  yet  failed ;  careful  experiments  have  been  made  with  chromic 
acid  and  ether,  and  also  with  titanic  acid  solution,  but  always,  so  far, 
with  a  negative  result.  Notwithstanding  this,  however,  I  am 
strongly  inclined  to  believe  that  under  certain  circumstances  hydrogen 
peroxide  is  formed,  and  that  we  shall  yet  be  able  to  prove  it. 

Be  this  as  it  may,  beyond  all  doubt,  in  the  estimation  of  the  oxygen 
dissolved  in  water  by  the  Schiitzenberger  process,  the  result  obtained 
is  liable  to  differ  in  accordance  with  the  speed  with  which  the 
experiment  is  performed,  it  being  always  higher  with  a  quick  and 
lower  with  a  slow  titration. 

It  follows  either  that  too  much  is  recorded  by  the  quick  titration, 
or  too  little  by  the  slow. 

The  question  therefore  is,  what  is  the  explanation  of  these  differ- 
ences, and  which  of  the  two  modes  of  working  affords  the  correct 
estimate  ? 

As  it  appears  to  me,  the  factors  and  coriditions  concerned  are  as 
follows  : — 

1.  Water  containing  oxygen  dissolved. 

2.  An  indigo  indicator,  blue  in  its  oxidised,  and  yellow  in  its  re- 
duced condition. 

3.  A  reducing  agent,  the  hyposulphite  of  sodium. 

4.  It  may  be  confidently  assumed  that  the  oxygen  dissolved  in  the 
water  exists  in  the  molecular  state. 

5.  And  that  the  first  effect  of  the  introduction  of  the  hyposulphite 
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molecule  is  to  break  up  the  bond  of  the  oxygen  molecule,  thereby- 
causing  atomic  or  nascent  oxygen  to  be  set  at  liberty. 

6.  Moreover  we  may  with  a  fair  amount  of  confidence  also  assume 
that  when  a  molecule  of  hyposulphite  attacks  a  molecule  of  oxygen 
destroying  the  molecular  bond  of  the  latter,  there  must  as  a  con- 
sequence be  one  of  the  atoms  of  oxygen  nascent,  whilst  the  other 
is  fixed  by  the  hyposulphite  molecule.  What  more  likely  than  that 
this  free  nascent  oxygen  atom  should  attach  itself  to  a  molecule  of 
water,  and  produce  a  corresponding  molecule  of  hydrogen  peroxide, 
and  if  so,  there  is  an  end  to  our  difficulty  ;  the  explanation  is  simple 
enough,  for  when  the  hyposulphite  is  introduced  quickly,  the  freed 
oxygen  atoms  are  delivered  into  the  presence  of  an  abundance  of 
hyposulphite  molecules  ready  to  fix  the  liberated  oxygen  atoms  forth- 
Avith ;  but  on  the  other  hand,  when  the  hyposulphite  is  introduced 
slowly,  free  oxygen  atoms  finding  themselves  in  the  presence  of  oxi- 
dised hyposulphite  are  compelled  to  seek  fresh  bonds  of  attachment, 
and  before  molecular  oxygen  can  be  wholly  re-formed,  to  some  extent, 
at  all  events,  hydrogen  peroxide  is  produced ;  now,  as  it  has  been 
shown  by  Ramsay  and  Williams  that  hydrogen  peroxide  is  only 
partially  reduced  by  the  hyposulphite,  it  follows  that  by  slow  titra- 
tion the  conditions  of  our  experiment  are  so  far  charged  that  we  have 
a  'priori  reason  to  expect  that  a  portion  of  the  oxygen  originally  dis- 
solved in  the  water  will  escape  from  fixation  by  the  hyposulphite, 
and  so  account  for  the  lower  estimate  which  the  slow  titration 
affords. 

In  conclusion,  I  wish  to  acknowledge,  most  cordially,  the  painstak- 
ing and  skilful  help  rendered  to  me  in  the  progress  of  this  research 
by  my  friend  and  assistant  Mr.  Lionel  Stansell. 

Addfindum. 

For  the  convenience  of  those  who  desire  to  adopt  this  method,  I 
may  mention  that  all  the  constituent  parts  of  the  apparatus,  with 
exception  of  the  "laboratory  vessel,"  may  usually  be  found  amongst 
the  usual  furniture  of  any  laboratory. 

"Laboratory  vessels"  have  been  made  for  me  by  Messrs.  Powell, 
of  the  Whitefriars  Glass  Works,  and  also  by  Grreiner,  of  Munich 
(Neuhauserstrasse,  49). 

As  to  the  valve  at  the  extremity  of  each  burette  within  the  labo- 
ratory vessel  to  which  allusion  has  been  made,  it  may  be  constructed 
in  the  following -simple  manner: — A  piece  of  narrow  india-rubber 
tube  about  15  mm.  long,  has  a  slit  5  mm.  long,  longitudinally  placed 
at  the  centre  of  its  upper  aspect,  made  by  a  single  clean  cut  with  a 
chisel ;  one  end  of  this  india-rubber  tube  is  slipped  over  the  end  of 
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the  burette,  and  tlie  other  free  end  is  stopped  with  a  fragment  of 
•j^lass  rod  ;  the  intervening  slit  in  the  india-rubber  tube  acts  admirably 
as  the  valve  in  question. 

It  is  always  desirable  in  collecting  a  sample  for  examination,  that 
the  least  possible  mechanical  disturbance  of  the  water  should  take 
place  daring  the  collection,  and,  further,  it  is  often  desired  to  obtain 
this  sample  from  a  stratum  at  some  distance  beneath  the  surface,  for 
which  purpose  the  following  device  will  be  found  very  convenient : — 
An  ordinary  Winchester  pint  bottle  of  tolerably  thick  glass  is  per- 
forated on  its  side  near  the  bottom,  by  a  hole  of  2  or  3  millimetres  in 
diameter,  this  may  be  easily  accomplished  by  means  of  a  hard  drill 
wetted  with  turpentine  ;  into  this  is  fitted  a  peg  of  soft  wood  like  the 
vent  peg  of  a  beer  cask,  and  the  neck  of  the  bottle  is  furnished  with 
an  india-rubber  tube  of  any  length  desired.     In  use  the  bottle  is  in- 
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verted,  the  hole  closed  by  the  thumb,  the  india-rubber  tube  dropped 
into  the  water,  and  when  its  extremity  reaches  the  desired  depth,  on 
withdrawing  the  thumb  the  water  quietly  enters  the  bottle.  When 
full  the  peg  is  inserted,  and  the  bottle  withdrawn  and  stoppered  with 
a  short  piece  of  india-rubber  tube,  the  free  end  of  which  is  closed 
by  a  piece  of  glass  rod ;  this  allows  of  expansion  and  contraction 
caused  by  change  of  temperature  without  entrance  of  atmospheric 
air  or  loss  of  dissolved  oxygen  ex  vacuo. 
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Table  showing  amounts  of  Dissolved  Oxygen  in  Water  when  saturated. 
The  various  authorities  are  given.     Cubic  centimetres  per  litre  N/T.P. 


Pettersson 

Degrees 

Roscoe 

Winkler, 

Roscoe 

and 

Dittmar, 

centi- 
grade. 

Bunsen. 

and  Lunt, 
dry. 

dry. 

and  Lunt, 

moist. 

Sonden. 

? 

dry. 

0 

10-19 

10-01 



1 





9-91 

— 

9-72 

— 

2 





9-64 

— 

9-43 

— 

3 

_^ 

— 

9-39 

— 

9-14 

— 

4 



— 

9-14 

— 

8-85 

— 

5 

7-58 

8-76 

8-91 

8-68 

8-56 

— 

6 

7-42 

8-58 

8-68 

8-49 

8-28 

— 

7 

7-26 

8-40 

8-47 

8-31 

8-16 

— 

8 

7-11 

8-22 

8-26 

8-13 

8-04 

— ■ 

9 

6-95 

8-05 

8-06 

7-95 

7-92 

— 

10 

6-79 

7-87 

7-87 

7-77 

7-75 

8-00 

11 

6-68 

7-71 

7-69 

7-60 

7-58 

7-84 

12 

6-57 

7-56 

7-52 

7-44 

7-41 

7-68 

13 

6-46 

7-40 

7-35 

7-28 

7-25 

7-52 

14 

6-35 

7-25 

7-19 

7-12 

7-02 

7-36 

15 

6-25 

7-09 

7-04 

6-96 

— 

7-20 

16 

6-18 

6-96 

6-89 

6-82 

— 

7-06 

17 

6-12 

6-83 

6-75 

6-68 

— 

6-93 

18 

605 

6-70 

6-61 

6-54 

— 

6-80 

19 

5-99 

6-57 

6-48 

6-40 

— 

6-66 

20 

5-93 

6-44 

6-55 

6-28 

— 

6-53 

21 



6-33 

6-23 

6-16 

— 

6-41 

22 



6-23 

6-11 

6-04 

— 

6-30 

23 

— 

6-12 

6-00 

5-94 

— 

6-19 

24 

— 

6-02 

5-88 

5-84 

— 

6-08 

25 

— 

5-91 

5-77 

5-76 

— 

5-97 

XXV. — The  Luminosity  of  Coal-Gas  Flames, 

By  Vivian  B.  Lewes,  Royal  Naval  College,  Greenwich. 

In  the  autumn  of  1890,  I  gave  a  course  of  Cantor  lectures  on  gaseous 
illuminants,  and  in  connection  with  these  made  a  considerable 
number  of  experiments  on  the  causes  of  luminosity  in  flames.  Since 
then  I  have,  from  time  to  time,  worked  at  the  subject,  and  in  view  of 
the  interest  created  by  Professor  Smithells'  paper,  read  before  this 
Society  in  December,  I  venture  to  bring  my  results  before  you. 

I  do  not  propose  to  enter  into  the  vexed  question  of  how  far  carbon 
particles  are  essential  for  luminosity,  or  under  what  conditions  flames 
containing  dense  vapours  may  become  luminous,  but  will  restrict 
myself  to  the  causes  of  luminosity  in  the  flame  of  ordinary  coal  gas 
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and  similar  mixtures  of  gaseous  hydrocarbons  with  combustible 
diluents. 

The  researches  of  Heumann,  Soret,  Burch,  and  the  recent  observa- 
tions by  Professor  Stokes,  place  beyond  question  the  presence  of 
solid  particles  in  a  luminous  gas,  oil,  or  candle  flame,  and  the  only 
point  on  which  any  doubt  still  lingers  is  the  kind  of  decomposition 
which  leads  to  the  liberation  of  the  solid  carbon  particles. 

Many  attempts  have  been  made  to  trace  the  chemical  changes 
taking  place  within  a  flame,  by  withdrawing  the  flame  gases  during 
•combustion,  and  determining  their  composition,  and  analyses  made  by 
Landolt  (Ann.  Phys,  Chem.,  1856,  99,  389—417)  give  a  great  deal 
of  information  about  the  actions  taking  place. 

I  have  also  made  analyses  of  flame  gases  in  order  to  trace  the 
variations  in  quantity  of  the  hydrogen,  hydrocarbons,  and  carbon 
monoxide  present  in  the  centre  of  the  flame  at  various  heights,  with 
the  following  results  : — 


Hydrocarbons. 

A 

Carbon 
monoxide. 

Hydrogen. 

f — 
Unsaturated. 

Saturated. 

Gas  in  tube    

.      57-08 

4-38 

33-99 

2-63 

^  inch  above  burner. , 

.      52-90 

4-00 

32-00 

3-00 

IJ  inch  above  burner. 

12-30 

1-53 

10-20 

3-26 

Tip  of  inner  cone . .  . . 

2-35 

1-98 

7-80 

6-52 

Centre  of  outer  cone  . 

013 

0-45 

0-50 

1-51 

Escaping   unburnt 

from  tip  of  flame  . . 

nil 

nil 

0-39 

1-18 

These  figures,  as  well  as  those  obtained  by  Landolt,  point  to  the 
fact  that  the  hydrogen  in  the  gas  burns  first,  and  that  the  saturated 
hydrocarbons  also  undergo  a  rapid  diminution  in  quantity,  whilst  the 
unsaturated  hydrocarbons  only  diminish  very  slowly  until  the  top  of 
the  inner  non-luminous  zone  has  been  reached,  after  which  they 
quickly  disappear  in  the  luminous  portion  of  the  flame. 

Carbon  monoxide,  however,  increases  largely  in  quantity  up  to  the 
top  of  the  inner  cone,  and  then  rapidly  burns  away  in  the  luminous 
zone.  This  increase  of  the  carbon  monoxide  during  the  first  part  of 
the  combustion  has  been  shown  to  take  place  in  the  Bunsen  flame 
by  Dr.  Blochmann  (Annalen,  168,  295),  and  has  also  been  observed 
by  Professor  Smithells  under  the  conditions  existing  in  his  beautiful 
experiment  of  burning  a  flame  in  two  parts. 

The  fact  that  the  unsaturated  hydrocarbons  only  slowly  decrease 
in  the  inner  zone,  and  then  rapidly  disappear  in  the  luminous  part  of 
the  flame,  has  naturally  suggested  the  idea  that  it  is  to  these  com- 
pounds that  the  flame  owes  its  luminosity ;  but,  as  far  as  I  know,  no 
one  has  attempted  to  ascertain  whether  the  unsaturated  hydrocarbons 
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present  at  the  top  of  the  inner  non-luminous  zone  are  of  the  same 
character  as  those  found  in  the  coal-g-as. 

The  undoubted  presence  of  acetylene  in  the  products  escaping  from 
a  cooled  flame,  and  the  fact  that  the  incomplete  combustion  of  hydro- 
carbon gases  always  gives  rise  to  the  formation  of  this  compound, 
suggested  the  idea  that  it  might  play  an  important  part  in  the 
changes  taking  place  in  the  interior  of  a  flame,  and  experiments  were 
made  to  ascertain  if  any  appreciable  quantity  was  formed  by  the 
destruction  of  hydrocarbons  in  the  flame  gases. 

The  coal  gas  used  was  that  supplied  by  the  South  Metropolitan 
Gas  Company,  and  analyses  give  as  its  composition : — 

Hydrogen 57-08 

*Unsaturated  hydrocarbons  ....  4*38 

Saturated  hydrocarbons    33*99 

Carbon  monoxide 2'63 

Carbon  dioxide 0*79 

Nitrogen 0*96 

Oxygen 0-15 

Bisulphide  of  carbon 0*02 

100-00 
*  Containing  acetylene,  0  '035. 

And  this  gas,  when  burnt  in  a  standard  London  Argand  at  the  rate  of 
5  cubic  feet  per  hour,  is  of  an  illuminating  value  which  averages 
16*3  candle  power. 

The  gas  was  burned  at  the  end  of  an  open  tube  and  the  fl.ame 
gases  were  aspirated  from  the  centre  of  the  flame  by  means  of  a 
small  platinum  tube,  2  mm.  in  diameter,  and  were  led  into  a  glass 
bulb-tube,  in  which  the  sample  for  analysis  of  the  total  hydrocarbons 
was  collected,  and  then  through  two  Volhard's  absorbing  bottles,  con- 
taining 20  c.c.  of  concentrated  ammoniacal  silver  nitrate  solution. 
This  absorbs  the  acetylene  with  formation  and  precipitation  of  silver 
acetylide  and  silver,  owing  to  the  reducing  action  of  the  carbon 
monoxide,  two  absorbing  vessels  being  quite  sufficient  to  prevent  any 
traces  of  the  gas  escaping  absorption.  The  contents  of  the  two 
bottles  were  filtered,  the  precipitate  of  silver  acetylide  carefully  washed 
with  water,  and  then  treated  on  the  filter  very  cautiously  with  dilute 
hydrochloric  acid,  until  all  action  ceases.  Acetylene  is  given  off,  and 
the  precipitate  then  consists  of  a  mixture  of  silver  chloride  and 
metallic  silver.  This,  after  washing,  is  digested  with  dilute  ammonia, 
and  the  ammoniacal  solution,  after  filtration,  is  then  treated  with 
nitric  acid  to  precipitate  the  chloride,  which  is  weighed  in  the  usual 
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manner,  1  gram  of  silver  chloride  corresponding  to  0*09  gram  or 
87-08  c.c.  of  acetylene  (Winkler). 

Acetylene  formed  during  the  Incomplete  Gomhustion  taking  place  in  the 
Interior  of  a  Luminous  Flame. 

Total  unsaturated 

hydrocarbons.  Acetylene. 

Gas  in  burner 4'38  per  cent.  0-035  per  cent. 

•J  an  inch  above  rim  of  burner  4-00        ,,  0'340       ,, 

1^  inches  above  rim  of  burner  I'b'S        „  0-560       „' 

Tip  of  inner  cone    1-98        „  1-410 

Centre  of  luminous  zone 0-45        ,,       ^  0-045       ,, 

Tip  of  luminous  zone nil  nil 

Showing  tbat  in  the  interior  of  the  luminous  flame  the  hydrocarbons 
at  once  begin  to  undergo  decomposition,  giving  rise  to  acetylene, 
which,  by  the  time  the  top  of  the  inner  non-luminous  zone  is  reached, 
constitute  over  70  per  cent,  of  the  unsaturated  hydrocarbons  present. 
A  small  proportion  of  the  other  hydrocarbons,  however,  remains  un- 
decomposed,  and  penetrates  into  the  luminous  zone,  where  it  and  the 
acetylene  are  both  decomposed  by  the  higher  temperature  attained, 
a  carbon  is  liberated,  and  this,  being  for  a  moment  heated  to  incand- 
escence, gives  luminosity  to  the  flame. 

An  ordinary  flat  flame  was  now  experimented  with,  the  gases  being 
withdrawn  and  analysed  in  the  same  way  as  before. 


Acetylene  formed  in  the  Inner  Zone  of  a  Flat  Flame  from  a  No.  7 
Bray  Burner. 


Portion  of  flame. 

Total  un- 
saturated 
hydrocarbon. 

Acetylene. 

Otlier  un- 

sat  urated 

hydrocarbons. 

^  an  inch  from  top  of  burner  .  . . 

Per  cent. 
3-565 
2-063 
1-393 

trace 

Per  cent. 
0-115 
1-303 
1-133 

trace 

Per  cent. 
3-450 
0-760 

li                                      , 

0-260 

2i                         .           

Showing  that  by  the  time  the  top  of  the  non-luminous  portion  of  the 
flame  was  reached  over  81  per  cent,  of  the  hydrocarbons  present  had 
been  converted  into  acetylene. 

The  next  step  was  to  determine  the  thermal  conditions  existing  in 
the  flat  flame  in  order  to  see  if  they  would  give  any  deflnite  informa- 
tion as  to  the  actions  taking  place. 
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The  beautiful  platinum  and  platinum-rhodium  thermo-couple  de- 
vised by  Le  Chatelier,  and  introduced  to  us  by  Professor  Roberts- 
Ansten,  gives  a  means  of  measuring  the  temperatures  of  flames  witli 
ease  and  comparative  accuracy. 

I  made  a  small  thermo-couple  of  platinum  and  10  per  cent,  rhodium 
platinum  wire,  using  it  as  thin  as  possible  to  reduce  errors  from  loss 
of  heat  by  conduction,  and  keeping  the  wires  of  considerable  length 
to  prevent  any  rise  of  temperature  introducing  conflicting  currents  at 
the  connections  with  the  galvanometer  wires;  a  reflecting  galvanometer 
of  low  resistance  was  employed,  and  sufficient  resistance  introduced 
into  the  circuit  to  keep  the  spot  of  light  upon  the  scale  at  the  highest 
temperature  attained  in  the  flame,  and  the  scale  was  then  graduated  for 
temperature  by  taking  water  at  0°  and  100°,  and  checking  the  higher 
temperatures  by  the  fusing  points  of  the  chlorides  of  the  alkalis  and 
alkaline  earths,  as  determined  by  Carnelley  (/.  Chem.  Soc,  1876,  i, 
489). 

On  mapping  out  the  temperatures  existing  in  a  flat  flame  from  a 
Bray  burner  consuming  7  cubic  feet  of  gas  per  hour,  it  was  found  that 
in  the  inner  non-luminous  portion  the  temperature  steadily  increased 
from  500°,  half  an  incb  from  the  burner,  to  1267°  at  the  commencement 
•of  luminosity  at  the  apex,  whilst  the  centre  had  a  temperature  of 
1014°,  rising  to  1216°  at  the  luminous  edges.  In  the  centre  of  the 
luminous  portion  of  the  flame  the  temperature  was  1166°,  whilst  the 
highest  temperature  was  reached  at  the  top  of  the  flame,  which  gave 
1368°. 

These  results,  I  think,  help  to  explain  the  action  taking  place  in 
the  flame.  In  the  inner  non-luminous  zone,  the  hydrocarbons  heated 
up  by  the  combustion  of  the  hydrogen  and  some  of  the  methane, 
undergo  certain  changes,  which  result  in  their  conversion  into  acetyl- 
•ene,  and  this,  being  an  endothermic  compound,  readily  decomposible 
by  heat  or  detonation  into  carbon  and  hydrogen,  breaks  up  when  a 
sufficient  temperature  is  attained;  owing,  however,  to  the  diluting 
action  of  the  nitrogen  and  other  flame  gases,  this  does  not  take  place 
until  the  top  of  the  non-luminous  zone  is  reached,  where,  at  a  tem- 
perature of  a  little  over  1000°,  the  decomposition  occurs  with  an 
increase  of  temperature,  and  the  liberated  carbon,  being  heated  to 
incandescence,  gives  the  luminosity  to  the  flame. 

Other  luminous  hydrocarbon  flames  were  then  tried,  and  the  per- 
centage of  acetylene  formed  in  the  inner  zone  determined. 

Oil  gas  of 
30  candle  power.  ParaflSn  lamp.  Candle. 

Acetylene  ....      3*09  per  cent.         2*222  per  cent.         2*163  per  cent. 

I  have  made  attempts  to   trace  the  actions  which  give  rise  to  the 
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acetylene,  and  to  see  if  the  carbon  monoxide,  which  increases  so 
rapidly  in  quantity  in  the  inner  flame,  is  due  to  the  same  actions,  or 
is  formed  in  some  other  way. 

If  it  be  heat  alone  which  converts  the  hydrocarbons  present  into 
acetylene,  then  this  result  should  be  obtained  by  passing  them  alone, 
or  diluted  with  hydrogen,  through  a  very  narrow  tube,  heated  to  the 
same  temperature  as  that  existing  near  the  top  o£  the  dark  zone  of  a 
luminous  flame,  that  is,  to  a  little  way  over  1000°. 

The  difficulty  at  once  arises  of  obtaining  a  tube  sufficiently  narrow 
in  bore  to  ensure  the  gas  being  heated  to  nearly  the  same  tempera- 
ture as  the  walls  of  the  tube  without  using  platinum,  as  all  attempts 
to  obtain  a  nickel  or  iron  tube  of  the  desired  dimensions  failed,  and 
the  use  of  platinum  is  open  to  the  objection  of  the  actions  induced  by 
its  surface  at  the  temperature  employed. 

In  order  to  see  if  surface  action  would  in  any  way  affect  the  amount 
of  acetylene  formed,  a  very  fine  platinum  tube  and  a  pipe-stem  glazed 
with  borax  were  heated  in  the  same  furnace  to  the  same  temperature, 
and  an  equal- amount  of  ethylene  was  passed  slowly  through  both,  and 
the  acetylene  formed  estimated. 

Acetylene  formed  with  platinum  tube  =  0"494  per  cent. 
Acetylene  formed  with  glazed  pipe-stem  =  0*432  per  cent. 

On  now  heating  the  pipe-stem  to  a  higher  temperature,  the  acetylene 
formed  from  the  same  amount  of  gas  was  0*808,  so  that  the  smaller 
amount  obtained  in  the  previous  experiment  with  the  pipe-stem  was 
evidently  due  to  the  thick,  clay  walls. 

From  this  it  appeared  as  if  the  platinum  exercised  no  influence  on 
the  production  of  acetylene  in  the  experiment,  but  as  I  also  wanted  to 
determine  the  action  of  small  quantities  of  air  upon  the  hydrocarbons, 
under  the  influence  of  the  temperature  existing  in  the  inner  zone  of 
a  flame,  I  made  a  second  experiment,  in  which  methane,  free  from 
unsaturated  hydrocarbons,  was  passed  with  10  per  cent,  of  air  through 
a  pipe-stem,  and  through  the  platinum  tube,  both  being  heated  to  the 
same  temperature,  which  was  a  little  under  1000° : — 

Qases  after  Heating, 

Pipe-stem.  Platinum  tube. 

Unsaturated  hydrocarbons 1*92  1*52 

Carbon  monoxide 2*30  2*10 

Carbon  dioxide   1*01  0*51 

Oxygen 0*54  0*51 

Acetylene trace  trace 

With  the  pipe-stem  it  was  almost  impossible  to  get  an  even  tern- 
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perature  much  above  that  used  in  this  experiment,  but  on  passing 
the  same  mixture  of  methane  and  10  per  cent,  of  air  through  the 
platinum  tube  heated  to  about  1100 — 1200°,  acetylene  appeared  in 
quantity : — 

Unsaturated  hydrocarbons 3*10 

Acetylene 2-07 

These  experiments  pointed  to  the  platinum  tube  having  so  little 
action  on  the  gases  as  to  render  its  use  admissible  in  the  following^ 
experiments,  and  the  difficulties  arising  from  the  pipe-stems  not  being 
straight,  from  the  thick  v^alls  rendering  it  nearly  impossible  to- 
attain  even  heating,  and  from  constant  fracture,  were  so  great  that 
I  decided  to  use  a  platinum  tube  2  mm.  in  diameter  and  a  foot  long 
for  the  following  experiments : — 

Methane  was  prepared  by  the  action  of  the  copper-zinc  couple 
upon  a  mixture  of  methyl  iodide  and  methyl  alcohol,  with  the  usual 
precautions,  and  was  then  passed  through  the  tube,  6  inches  of  which 
were  heated  to  1000°  in  the  flat  flame  of  a  broad  Bunsen. 

The  methane  employed  contained  99  per  cent,  of  saturated  hydro- 
carbons, and  was  analysed  for  other  constituents  before  and  after 
heating : — 

Before  After 

heating.  heating. 

Unsaturated  hydrocarbons 0*5  8" 2 

Acetylene O'OOO  1-798 

Carbon  dioxide O'OO  O'OO 

Carbon  monoxide O'O  0*0 

The  effect  of  heating  the  methane  with  other  gases  present  in  the 
inner  zone  of  the  flame  was  then  tried. 

Methane  heated  with 


Unsaturated  hydrocarbons 

Acetylene    

Carbon  monoxide ". 


3  p.  c. 

oxygen. 

2-0 

15  p.  c. 
air. 

2-0 

50  p  c. 

carbon 
monoxide. 

1-0 

60  p.  c. 
hydrogen. 

1-47 

1-426 

0-656 

0-887 

0-473 

1-1 

1-0 

— 

0-490 

These  experiments  seem  to  point  to  acetylene  being  formed  by  the 
action  of  heat  alone  upon  the  methane,  whilst  as  soon  as  oxygen  is 
present  carbon  monoxide  is  also  produced. 

The  experiment  with  oxygen  and  air  also  shows  the  retarding  effect 
of  dilution  upon  the  formation  of  the  acetylene. 

The  presence  of  carbon  monoxide  in  the  methane  diluted  with 
hydrogen  was  probably  caused  by  the  latter  gas  containing  nearly 
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2  per  cent,  of  oxygen,  whilst  I  think  the  experiment  with  carbon 
monoxide  shows  that  interactions  between  it  and  methane  cannot  give 
rise  to  acetylene,  as  the  amount  formed  is  just  one-half  that  produced 
on  heating  methane  alone,  the  reduction  in  quantity  being  due  to 
dilution. 

The  action  taking  place  is  most  probably  a  splitting  up  of  the 
methane  into  acetylene  and  hydrogen — 

2CEr4  =  C2H2  -f-  31I0, 
and  some  of  the  acetylene  is  then  polymerised  into  benzene,  as  noticed 
by  Berthelot  (Compt.  rend.,  54,  515). 

The  methane  takes  a  far  higher  temperature  for  the  formation  of 
acetylene  than  any  of  the  other  hydrocarbons  experimented  with. 

Ethane  was  prepared  from  ethyl  iodide  by  the  action  of  the  copper- 
zinc  couple,  and  contained  93  per  cent,  of  saturated  and  no  un- 
saturated hydrocarbons  or  acetylene  ;  it,  however,  contained  a  trace  of 
air,  which  would  render  estimation  of  carbon  monoxide,  after  heating, 

useless. 

Heated  alone. 

Unsaturated  hydrocarbons 19*47 

Containing  acetylene 8'224 

Ethane  Diluted  with  80  per  cent.  Hydrogen. 

Heated  with 

, " ^ 

Gras  used.     16  p.  c.  air.     20  p.  c.  air.  25  p.  c.  air. 

Unsaturated  hydrocarbons     O'OO             7-69             5-58  5*05 

Acetylene 0*00             3-89             3*20  3*11 

Carbon  dioxide O'OO             0-00             I'd  1-51 

Carbon  monoxide O'OO             1'54             2-53  3-03 

Showing  that  the  carbon  monoxide  is  being  formed  in  increasing 
quantities  with  the  increase  in  the  percentage  of  air,  and  that  the 
amount  of  unsaturated  hydrocarbons,  other  than  the  acetylene,  are 
reduced  in  quantity  more  quickly  than  the  acetylene  itself;  this, 
however,  being  probably  due  to  their  splitting  up  with  formation  of 
acetylene,  and  both  slowly  being  oxidised. 

These  experiments  show  that  when  between  15  and  20  per  cent,  of 
air  is  present,  carbon  dioxide,  as  well  as  monoxide,  begins  to  form. 

Ethylene. — The  gas  was  prepared  by  the  action  of  sulphuric  acid 
upon  alcohol,  and  contained  93  per  cent,  unsaturated  hydrocarbons, 
and  neither  carbon  monoxide  nor  acetylene. 

G-as  heated 

/ ^-— -^— ^-^ 

Alone.         With  3  per  cent  oxygen. 

Acetylene 8-894  7*165 

Carbon  monoxide 0000  ^74 
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Ethylene  diluted  with  Hydrogen. 

Heated  with 

/ — ^ , 

Gas  used.  20  p.  c.  air.        25  p.  c.  air» 

Unsaturated  hydrocarbons   . . .        14'50  6*81  3'66 

Acetylene 000  2-03  1-59 

Carbon  monoxide O'OO  5-30  3-73 

These  experiments,  I  think,  show  that  dilution  has  a  distinct  effect 
in  preventing  the  "  over-cracking  "  of  the  hydrocarbons,  as  the  pro- 
portion of  acetylene  to  unsaturated  hydrocarbons  is  far  higher  in  the- 
gas  diluted  with  hydrogen  than  in  the  rich  gas. 

In  another  experiment,  hydrogen  was  charged  with  1"02  per  cent, 
of  benzene  vapour,  and  heated  with  varying  proportions  of  air,  with 
the  following  results  : — 

8  p.  c.  air.         13  p.  c.  air.         18  p.  c.  air. 
Acetylene  formed 0*026  0-032  0*218 

It  has  been  suggested  that  if  acetylene  is  formed  simply  by  the- 
action  of  heat,  it  ought  to  be  present  in  quantity  in  coal  and  oil 
gas,  which  it  undoubtedly  is  not.  This,  I  think,  is  purely  a 
question  of  temperature ;  the  fire-clay  gas  retort  is  never  above  an 
orange-red,  which  means  800°  to  900°,  and  the  gas  inside  the  retort 
probably  never  approaches  that  temperature.  Again,  in  oil-gas 
making,  800°  would  be  the  outside  temperature  employed,  whilst  to 
convert  any  large  proportion  of  diluted  hydrocarbons  into  acetylene 
requires  at  least  1000°.  Indeed,  if  diluted  hydrocarbons  are  passed 
through  a  half-inch  tube  heated  to  1000°,  the  yield  is  very  small,  as 
only  the  thin  layer  in  contact  with  the  walls  of  the  tube  is  raised  tO' 
the  required  temperature,  and  it  was  for  this  reason  that  it  was 
necessary  to  use  so  fine  a  tube  in  the  preceding  experiments. 

In  order  to  see  how  temperature  affected  the  amount  of  acetylene- 
formed  during  the  manufacture  of  gas,  I  made  separate  batches  of" 
oil  gas  from  Russian  petroleum  in  a  Patterson  retort. 

Acetylene  formed  in  the  Manufacture  of  Oil  Gas. 

Oil  used— Russian  "  distillate  oil,"  sp.  gr.  0-0864. 

Temp,  of  retort   500°  700"  800°  900° 

Yield   of    gas    per    gallon, 

cub.  ft. 12  60  72  84 

Illuminating  power . . 54*8  50-7  57*1  42 

Unsaturated  hydrocarbons .  39*13  36-56  36-55  22*40 

Acetylene 0-052  0*084  038  0-46 

Showing  that  the  quantity  of  acetylene  steadily  increases  with  rise- 
of  temperature. 
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The  analyses  of  flame  gases  made  by  Landolt  (Ann.  Phys.  Chem.^ 
1856,  99,  389—417),  Biockmann  (Annalen,  168,  295),  and  myself 
all  point  to  the  hydrogen  present  in  the  gas  burning  first,  and  there  is 
no  doubt  but  that  the  water  vapour  so  formed  and  superheated  in  its 
passage  up  the  flame  interacts  with  the  hydrocarbons,  giving  hydro- 
gen and  carbon  monoxide,  whilst  in  the  luminous  zone  the  action  of 
water  vapour  and  carbon  dioxide  upon  the  incande^scent  carbon 
particles  again  gives  rise  to  the  same  products,  so  that  their  production 
in  reality  never  ceases  until  the  outer  non-luminous  zone  of  the  flame- 
is  reached. 

In  this  zone  it  has  always  been  supposed  that  the  presence  of  a 
free  supply  of  oxygen  caused  complete  combustion,  and  that  with  a 
properly  constructed  burner  only  carbon  dioxide  and  water  vapour- 
escaped  into  the  air. 

Delicate  analyses  made  and  described  by  me  in  the  Journal  of  the- 
Society  of  Chemical  Industry  (1891,  10,  413)  show  that  this  is  not  the 
case.  Heumann  noticed  that  if  a  luminous  flame  was  made  to  spreadi 
itself  out  over  a  cold  surface,  luminosity  was  destroyed,  but  could  be- 
restored  by  heating  the  substance  over  which  the  flame  was  playing, 
and  this  reduction  of  luminosity  is  produced  by  withdrawal  of  heat 
from  the  flame,  the  temperature  falling  below  the  point  necessary  for 
the  decomposition,  or  in  some  cases  even  the  production  of  acetylene, 
and  in  the  outer  zone  of  the  flame  the  inrush  of  cold  air  sucked  into, 
the  flame  so  cools  it  as  to  render  it-  non-luminous,  and  finally  extin- 
guishes it,  and  if  the  air  and  products  of  combustion  be  collected 
close  to  the  flame  but  not  in  absolute  contact  with  it,  anywhere- 
between  2  inches  and  4J  inches  above  the  burner,  it  will  be  found  to 
contain  small  traces  of  carbon  monoxide,  acetylene,  methane,  and 
even  hydrogen.  At  the  extreme  tip,  however,  combustion  is  more 
perfect,  and  only  carbon  monoxide  and  minute  traces  of  methane  are 
to  be  found  escaping. 

It  is  usual  to  describe  the  structure  of  flame  as  built  up  of  four 
zones,  but  if  any  such  division  into  parts  be  necessary,  I  think  it 
would  be  better  to  found  them  upon  the  main  reactions  taking  place,, 
due  to  the  beat  generated,  and  to  describe  them  as  three  : — 

1.  The  inner  zone,  in  which  the  temperature  rises  from  a  compara- 
tively low  point  at  the  month  of  the  burner  to  between  1000°  and 
1100°  at  the  apex  of  the  zone,  and  in  this  portion  of  the  flame  the 
constituents  of  the  gas  undergo  various  decompositions  and  inter- 
actions, which  culminate  in  tbe  conversion  of  part  of  the  hydro- 
carbons into  acetylene ;  carbon  monoxide  and  hydrogen  being  also 
produced,  and  passing  into  the  next  sphere  of  action,  together  with 
some  methane  and  the  products  of  combustion. 

2.  The  luminous  zone,  in  which  the  temperature  ranges  from  1100* 
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to  a  little  over  1300°  ;  here  the  acetylene  formed  in  the  inner  zone 
becomes  decomposed  by  heat  with  liberation  of  carbon,  which  at  the 
moment  of  separation  is  heated  to  incandescence  by  its  own  combus- 
tion and  by  the  combustion  of  carbon  monoxide  and  hydrogen,  and 
gives  luminosity  to  the  flame. 

3.  The  extreme  outer  zone,  in  which  the  cooling  and  dilating 
influence  of  the  entering  air  renders  a  thin  layer  non-luminous,  and 
finally  extinguishes  it. 

With  an  ordinary  coal-gas  flame,  this  results  in  the  escape  of  traces 
of  hydrogen,  methane,  acetylene,  and  carbon  monoxide,  whilst  with 
a  very  rich  gas  unconsumed  carbon  also  escapes. 

This  description  of  a  luminous  flame  is  of  necessity  far  from  com- 
plete, as  it  leaves  out  of  consideration  the  numerous  subsidiary  inter- 
actions which  are  taking  place,  but  I  think  it  gives  the  general 
■outline  of  the  main  reactions. 

When  Knapp  and  others  first  showed  that  a  luminous  gas  flame 
<;ould  have  its  luminosity  destroyed  by  mixing  the  gas  before  burning 
with  inert  diluents,  such  as  nitrogen,  carbon  dioxide,  and  steam,  it 
was  recognised  that  the  nitrogen  in  the  air  was  an  important  factor 
in  rendering  such  flames  as  those  of  the  Bunsen  burner  non-luminous, 
and  most  valuable  contributions  were  made  to  our  knowledge  of  the 
subject  by  Landolt,  Blochmann,  Heumann  {Annalen,  181  and  182), 
and  others,  but,  as  far  as  I  know,  no  quantitative  attempt  has  been 
made  to  arrive  at  an  idea  of  the  relative  importance  of  the  various 
factors  which  influence  the  combustion  of  coal  gas  and  the  light- 
;giving  value  of  the  flame. 

In  these  experiments,  I  used  a  Bunsen,  fitted  with  two  supply  pipes 
leading  into  the  chamber  at  the  foot  of  the  upright  tube,  each  pipe 
being  connected  with  a  small  meter,  which  was  from  time  to  time 
•checked  with  a  standard  meter,  so  that  the  flow  of  gas  and  air  could 
be  accurately  regulated  and  measured.  Working  with  this  arrange- 
ment, the  amount  of  air  necessary  to  render  the  flame  non-luminous 
-was  first  determined  : — 

.  6*0  volumes  of  gas  required  13'5  volumes  of  air. 

13'5  volumes  of  air  contain  roughly  2*7  volumes  of  oxygen  and 
10*8  volumes  of  nitrogen,  and  on  now  passing  coal  gas  and  nitrogen 
through  the  burner,  at  the  rate  of  6  volumes  of  coal  gas  to  10'8  of 
nitrogen,  a  flame  was  obtained  which  had  only  a  faintly  luminous  tip, 
whilst  on  passing  coal  gas  as  before,  at  the  rate  of  6  volumes  to 
.2"7  volumes  of  oxygen,  a  luminous  flame  is  produced,  which  flashes 
back  unless  the  tube  is  covered  with  fine  wire  gauze. 

This  experiment  was  then  repeated  on  the  photometer. 
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Btinsen  burning  gas  alone  (5  cub.  ft.  per  hour),  5*6  c.  p. 

„  ,,        5  cub.  ft.  gas  and  22  cub.  ft.  oxygen,  3'1  c.  p. 

„  „  „  „  9  of  nitrogen,  not  readable. 

It  appears  from  this  experiment  tbafc  the  amount  of  oxygen  in  the 
volume  of  air  necessary  to  destroy  luminosity  does  less  than  one- 
half  the  work,  and  I  then  tried  the  effect  of  varying  the  amount  of 
oxygen  added,  with  the  following  results  : — 


5  cub 

5 

5 

5 

5 


ft.  gas  alone  =  5  6  c.  p. 

gas  to  1*1  cub.  ft.  oxygen  =  5*4    „ 
„       1*5         „  ,,       =  8"0    ,, 

„       2'2         „  „       =  31    ,,       Gauze  used. 

,4        ^'0  ,,  ,,        =  U'U     ,, 


It  has  been  already  shown  that  the  amount  of  nitrogen  present  in 
the  volume  of  air  required  to  render  the  flame  non-luminous  just  falls 
short  of  the  quantity  necessary  to  bring  about  the  same  effect  by 
dilution  only,  and  in  order  to  determine  the  volume  required  to 
entirely  destroy  luminosity,  coal  gas  was  burnt  at  the  rate  of  6-2  cubic 
feet  per  hour,  and  was  supplied  with  pure  nitrogen,  which  had  to  pass 
at  the  rate  of  14-2  cubic  feet  per  hour  before  all  luminosity  disap- 
peared, or  practically  the  same  amount  of  nitrogen  is  required  as  of 
air: — 

1  vol.  of  gas  required  2*30  vols,  of  nitrogen. 

1    „  „    requires  2"27  vols,  of  air. 

This  result  at  first  sight  looks  as  if  the  oxygen  in  the  air  really 
only  acted  in  the  same  w^ay  as  the  nitrogen,  that  is  as  a  diluent ;  but 
if  this  were  so,  then  mixtures  of  oxygen  and  nitrogen,  richer  in 
oxygen  than  air,  should  only  affect  the  luminosity  to  about  the  same 
extent  as  air,  which  is  not  the  case,  as  is  shown  by  the  following 
results  : — 


Volumes  of  Varying  Mixtures  of  Nitrogen  and  Oxygen  required  to  render 
1  vol.  of  Coal  Gas  Non-luminous  in  Bunsen  Burner, 


vo 


Volume  of 
mixture 
required. 

^es  2-30  of 

2-30  „ 

Composition  of  mixture. 

'Volume  of  oxygen 

present  in  amount 

required. 

nil 

0-38 

G-as. 
1  vol.  requi] 
-»•     »           J) 

Nitrogen. 
1 
5 

to 

Oxygen, 
nil 

■'■          )5                      15 

227  „ 

4 

0-45 

-'■          >)                      i' 

2-02  „ 

3 

0-60 

■•-          )»                      n 

•  1-49  „ 

2 

0-50 

^           It'                    5) 

1-00  „ 

1 

0-50 

-'-           J5                        J> 

0-50  „ 

nil 

0-60 

L.  LXI. 

2   B 
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This  set  of  experiments  shows  very  beautifully  that  until  the  per- 
centage of  oxygen  reaches  the  amount  present  in  the  atmosphere, 
the  diluting  influence  of  the  nitrogen  is  so  strong  that  it  prevents 
the  oxygen  having  any  practical  effect  in  the  destruction  of  the 
luminosity,  but  that  as  soon  as  the  quantity  of  oxygen  present  has 
risen  above  25  per  cent.,  then  its  activity  has  so  far  overcome  the 
diluting  influence  of  the  nitrogen  that  the  latter  has  ceased  to  exercise 
any  retarding  influence  upon  it. 

In  almost  every  laboratory  it  may  be  noticed  that  whereas  most  of 
the  Bunsens  are  burning  with  their  normal  blue,  noiseless  com- 
bustion, some  one  or  two  are  roaring  and  burning  with  a  sharply 
defined  green  centre,  and  experiment  shows  that  this  is  brought 
about  by  the  gas  delivery  jet  having  become  partly  stopped  up,  and  a 
far  larger  supply  of  air  than  is  necessary  to  cause  non-luminosity 
being  sucked  in  : — 


Ratio  of  Gas  to  Air  in  Blue  and  Green  Non-luminous  Combustion. 

Blue,  1  vol.  of  gas  to  2*27  of  air. 
Green,  1  vol.  of  gas  to  3"37  of  air. 

The  green  centre  shows,  therefore,  that  a  large  excess  of  air  is 
passing  in,  and  such  a  flame  is  on  the  point  of  flashing  back  in  the 
burner  and  lighting  at  the  bottom. 

In  this  CLse,  the  kind  of  action  taking  place  in  the  flame  has  under- 
gone considerable  alteration,  the  flame  being  fiercer  and  smaller  than 
in  the  normal  combustion,  the  change  being  due  to  the  fact  that  the 
proportion  of  oxygen  to  coal  gas  in  the  mixture  is  such  that  the 
chemical  activity  of  the  oxygen  is  able  to  overcome  the  diluting  and 
cooling  action  of  the  nitrogen,  so  that  the  latter  has  practically 
ceased  to  act. 

The  next  step  was  to  determine  the  proportions  by  volume  of 
various  gases  required  to  render  the  Bunsen  flame  non-luminous,  the 
number  being  limited  by  having  to  use  a  wet  meter  for  their  measure- 
ment. 


Volumes  of  Gases  required  to  render  1  vol.  of  Coal  Gas  Non-luminous, 

vol.  of  gas  requires  0"5  vol.  of  oxygen. 
,)  „  „       1"26     „      carbon  dioxide. 

„      2-27     „      air. 
„  „  „       2-30     „      nitrogen. 

,,  „  ,,      5-1 1     „      carbon  monoxide. 

„  „  „       124     „      hydrogen. 
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.Showing  that  a  diluent  which  burns  and  adds  to  the  geaeral  tempe- 
rature of  the  flame  must  be  added  in-  far  greater  quantity  than  an 
inert  and  non-combustible  diluent  such  as  nitrogen,  a  result  fullj 
iborne  out  by  experience. 

Some  observers  have  attributed  the  varying  effect  of  diluents  to 
■the  effect  of  density  (D.  Waldie,  Fhil.  Mag.,  1838),  but  the  destruc- 
tion of  luminosity  in  a  flame  can  be  brought  about  by  cooling  as  well 
as  by  dilution,  as  is  well  shown  by  the  experiment  described  by 
Heumann  {loc.  cit.). 

It  is  evident  that,  this  being  the  case,  if  one  diluent  has  the  power 
•of  abstracting  more  heat  from  the  flame  than  another,  it  will  be  more 
active  in  reducing  the  luminosity,  and  a  smaller  quantity  will  be 
required  to  render  the  flame  non-luminous.  And  on  comparing  the 
specific  heats  of  equal  volumes  of  the  diluents  used  in  the  last 
•experiment,  the  reason  for  the  small  quantity  of  carbon  dioxide 
a-equired  is  at  once  seen. 

Specific  Heats  of  Equal  Volume. 

Oxygen 0-2405 

Carbon  dioxide 0-3307 

Nitrogen 0'2370 

Air 0-2374 

Carbon  monoxide , 0*2370 

Hydrogen  0*2359 

If  this  be  the  true  explanation,  then  it  should  be  easy  to  trace  the 
■action  by  the  decrease  in  temperature  of  the  flame  when  carbon 
•dioxide  is  used  to  render  it  non-luminous. 

In  order  to  take  the  temperatures  of  the  inner  cone  of  the  flame  by 
means  of  the  thermo-couple  before  described,  it  is  manifest  that  the 
wires,  even  when  protected  by  glass,  must  not  be  passed  through  the 
outer  zone,  as  with  mixtures  of  coal  gas  and  air  the  heated  platinum 
would  set  up  rapid  combination  on  its  surface.  To  overcome  this 
difficulty,  the  wires,  insulated  with  glass,  were  passed  up  the  interior 
of  the  burner-tube,  and  the  gas  supply  was  kept  constant  at  6  cubic 
feet  per  hour,  whilst  the  diluents  were  supplied  under  pressure  at  the 
same  rates  as  before  determined,  and  the  results  in  table,  p.  336, 
were  obtained. 

These  results  fully  bear  out  the  inferences  derived  from  the 
behaviour  of  the  flames  in  the  former*  experiments.  In  the  flames 
rendered  non-luminous  by  diluents,  the  inner  cone  for  the  first 
I J  inches  is  decidedly  cooler  than  in  the  luminous  flame,  owing  to 
the  cooling  action  of  the  nifcrogen  or  carbon  dioxide ;  in  the  upper 
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Temperature  of  Flame  from  Bunsen  Burner,  with  Consumption  of 
6  ctib.  ft.  of  Coal  Gas  per  hour. 


Flame  rendered  non-luminous  by 

Luminous 

Point  in  flame. 

Air. 

Nitrogen. 

Carbon 
dioxide. 

flame  from 
Bunsen. 

i  inch  above  burner 

li  inch  above  burner  .... 

Tip  of  inner  cone 

Centre  of  outer  cone 

Tip  of  outer  cone 

Side  of  outer  cone,  level 
with  tip  of  inner  cone  . 

54° 

175 

1090 

1533 

1175 

1333 

30° 
111 

444 

999 

1151 

1236 

35° 

70 

393 

770 

951 

970 

135° 
421 
913 
1328 

728 

1236 

portion  of  the  inner  cone  of  the  flame  rendered  non -luminous  by  air^ 
Iiowever,  the  oxygen  of  the  air  is  acting,  and  the  temperature  is  there- 
fore higher  than  in  the  luminous  flame ;  whilst,  in  both,  the  hottest 
portion  of  the  flame  is  almost  half  way  between  the  tip  of  the  inner 
and  outer  cones. 

In  flames  rendered  nori -luminous  by  inert  diluents,  this  is  not  the 
case,  as  the  full  amount  of '  air  necessary  for  combustion  only  being 
obtained  at  the  side  and  tip  of  the  outer  cone,  these  are  the  hottest 
points. 

The  low  temperature  registered  at  the  tip  of  a  luminous  flame  is 
probably  due  to  the  impossibility  of  keeping  that  portion  of  the  flame 
steady  when  the  gas  is  burning  from  a  Bunsen  with  the  air  supply 
closed. 

Experiments  with  a  Bunsen  burning  a  mixture  of  air  and  coal  gas- 
in  such  proportions  as  to  give  the  green  inner  cone  showed  that 
although  the  excess  of  air  caused  a  low  temperature  at  the  bottom  of 
the  inner  cone,  the  increase  in  rapidity  of  oxidation  due  to  excess  of 
oxygen  caused  a  rapid  rise  of  temperature,  and  that  a  hotter  and 
smaller  flame  was  the  result : — 

Blue  Greenish 

inner  cone.  inner  cone. 

Tip  of  inner  cone ,        1090°  1575° 

Centre  of  outer  cone 1533  1630 

Tip  of  outer  cone 1175  1545 

Side  of  outer  cone,  level  with  the 

tip  of  inner  cone 1333  1511 

These  experiments,  as  well  as  the  researches  of  Heumann,  show 
that  oxidation,  dilution,  and  cooling  all  help  to  bring  about  the 
diestruction  of  luminosity  in  a  Bunsen  flame. 
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At  this  point  it  seemed  important  to  determine  how  dilution  acted 
towards  gases  richer  than  ordinary  coal  gas ;  in  order  to  do  this,  1 
decomposed  Russian  distillate  oil  in  a  "  Patterson  "  retort,  and  made 
two  batches  of  oil  gas,  one  of  24-candle  power,  the  other  of  43-candle 
power. 

These  gases  were  then  analysed  with  the  following  results : — 


Oil  Gas. 

24  c.  p. 

Carbon  dioxide 095 

Oxygen 074 

Unsaturated  hydrocarbons .  18"'06 

Saturated  hydrocarbons    . ,  43'62 " 

Carbon  monoxide 0*95 

Hydrogen '    34-58 

Nitrogen 1*12 


100-00 


43  c.  p 

1-52 

0-00 

33-16 

45-15 

0-52 

19-65 

o-oo 

100-00 


The  gases  were  then  tested  in  the  Bunsen  burner,  at  a  carefully 
regulated  rate  of  flow,  with  air,  carbon  dioxide,  and  nitrogen,  and 
.gave  the  following  figures : — 

Amount  of  Diluent  required  hy  1  vol.  of  Gas  to  render  a  Bunsen  Flame 

Non-luminous. 


Oas. 

Candle  power. 

Air. 

Nitrogen. 

Carbon,  dioxide. 

€oal  gas 

Oil  eas 

16-3 
24-0 
43-0 

2-27 
5-38 

7-86 

2-30 
4-20 
4-71 

1-26 
2*29 

Oil  eas 

3*12 

These  figures  reveal  the  interesting  fact  that  with  a  rich  gas  far 
less  nitrogen  than  air  is  required  to  bring  about  loss  of  luminosity, 
on  account  of  the  high  temperature  produced  by  the  combustion  of 
the  heavy  hydrocarbons  with  the  oxygen  in  the  air.  The  effect  of 
the  inert  diluents  was  also  noticeable,  as  at  the  point  of  non-luminosity 
the  flame  separated  itself  J  inch  from  the  mouth  of  the  burner,  and 
•became  very  elongated. 

The  question  now  arises  as  to  how  dilution,  apart  from  its  cooling 
action,  reduces  the  luminosity. 

On  passing  1-5  cubic  feet  of  coal  gas  slowly  through  a  platinum 
tube,  0*15  metre  long  and  12  mm.  in  diameter,  packed  with  platinum 
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foil  and  heated  to  redness  by  a*  Bunsen  burner,  it  deposited 
0*2200  gram  of  carbon.  The  same  volume  of  gas  was  then  diluted 
with  3*3  cubic  feet  of  nitrogen,  and  the  experiment  repeated  under 
exactly  similar  conditions,  when  only  0*0013  gram  of  carbon  was 
deposited,  dilution  reducing  the  amount  of  decomposition  to  thi& 
enormous  extent.  A  second  experiment  was  then  made  in  which,  by 
means  of  a  blow-pipe  flame,  a  higher  temperature  was  obtained,  and 
1"6  feet  of  gas,  as  before,  was  passed  through  the  tube,  when  it 
deposited  0  2 780  gram  of  carbon. 

Gras  before  heating.  After  heating. 

Carbon  dioxide 0'2  '            O'S 

Oxygen : 0-3                 0*2 

Unsaturated  hydrocarbons  ....  4*2                 3*0 

Carbon  monoxide 2*6                 2*8 

whilst,  under  the  same  conditions,  a  mixture  of  1*5  cubic  feet  of  coal 
gas  and  3*46  cubic  feet  of  nitrogen  deposited  0*0640  gram  of  carbon, 
showing  that  the  effect  of  dilution  is  decreased  by  increase  of  tempe- 
rature. 

These  experiments,  I  think,  show  that  when  coal  gas  is  diluted  to 
the  degree  necessary  to  give  a  non-luminous  flame  in  the  Bunsen 
burner,  the  liberation  of  free  carbon  is  reduced  by  the  retarding 
action  of  the  inert  gas,  but  as  the  temperature  rises  this  action  gets 
less  and  less. 

The  action  of  diluents  in  increasing  the  temperature  necessary  to 
bring  about  deposition  of  carbon  was,  I  believe,  first  noticed  by 
Wartba,  and  is  probably  due  to  two  distinct  causes.  As  has  already 
been  shown,  the  formation  of  acetylene  from  the  hydrocarbons  in  the 
gas  is  retarded  by  dilution,  whilst  if  any  be  formed  the  temperature 
necessary  to  decompose  it  into  carbon  and  hydrogen  is  greatly 
increased. 

These  two  retarding  influences  give  time  for  the  oxygen  present  in 
the  air  introduced  with  the  gas,  and  in  the  air  sucked  into  the  flame, 
to  burn  up  the  hydrocarbons  without  previous  decomposition,  and  so 
prevent  luminosity,  and  it  is  probable  that  the  prevention  of  the 
formation  of  acetylene  is  the  chief  factor,  as  only  the  merest  trace 
can  be  detected  in  a  non-luminous  Bunsen  flame.  Collecting  the 
results,  we  can  now  explain  the  various  actions  which  lead  to  loss  of 
luminosity  as  follows  : — 

1.  The  chemical  activity  of  the  oxygen  introduced  in  the  air,  which 
causes  loss  of  luminosity  by  burning  up  the  molecules  of  hydrocarbons 
before,  in  their  diluted  condition,  they  can  form  acetylene. 

2.  The  diluting  influence  of  the  nitrogen  which  increases  the 
temperature  necessary  for  the  formation  of  acetylene  from  the  hydro- 
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carbons,  whilst  if  any  be  formed  a  higher  temperature  is  necessary 
for  its  decomposition.  In  this  way  diluents  alone  will  render  a  flame 
non-luminous,  and  in  the  normal  Bun  sen  flame  nitrogen  acts  in  this 
way  until  the  hydrocarbons  have  been  destroyed  by  oxidation. 

3.  The  cooling  influence  of  the  air  introduced,  which  is  able  to  add 
to  the  general  result,  although  the  cooling  is  less  than  the  increase  in 
temperature  brought  about  by  more  rapid  oxidation. 

4.  In  a  normal  Bunsen  flame,  the  nitrogen  and  the  oxygen  are  of 
about  equal  importance  in  bringing  about  non-luminosity,  but  if  the 
quantity  of  air  be  increased  the  oxidation  becomes  the  principal 
factor,  and  the  nitrogen  practically  ceases  to  exert  any  influence. 

I  should  have  liked  to  have  worked  out  the  secondary  reactions 
taking  place  in  a  luminous  flame,  and  so  have  completed  this  paper ; 
but,  as  Professor  Smithells  proposes  to  undertake  this,  I  leave  the 
question  in  his  hands,  and  trust  that  he  may  be  successful  in  clearing 
up  the  many  points  which  remain  to  be  solved. 

In  conclusion,  I  wish  to  express  my  thanks  to  my  assistants, 
Messrs.  F.  B.  Grundy  and  H.  S.  Marsh,  for  the  help  they  have  given 
me  in  the  work  entailed  in  this  paper. 


XXVI. — Physical  Properties  of  Solutions  of  some  Metallic  Chlorides. 

By  S.  Skinner,  M.A.,  Demonstrator  at  the   Cavendish  Laboratory,. 

Cambridge. 

The  dissolution  of  substances  in  water  alters  the  properties  of  the 
latter  in  different  ways  ;  in  some  cases,  the  effects  can  be  explained  by 
van't  Hoff's  hypothesis,  but  in  the  majority  they  do  not  agree  w  ith  it, 
and  require  some  further  hypothesis,  that  of  dissociation  (Arrhenius), 
or  that  of  combination  with  the  solvent  (Mendeleeff).  The  following 
experiments  show  that  in  some  cases  alcohol  behaves  like  water,  which 
is  its  chemical  analogue. 

The  first  property  observed  is  the  variation  of  the  boiling  point,  and 
as  this  is  not  an  easy  determination  for  solutions,  the  method  used 
will  be  briefly  described.  The  solution,  after  being  heated  to  a  tem- 
perature just  short  of  its  boiling  point,  is  raised  and  maintained  at  that 
temperature  by  blowing  through  it  the  vapour  of  the  solvent,  which  is 
boiled  in  a  separate  vessel.  This  method  of  heating  overcomes  all 
surface  difficulties ;  for,  even  when  glass  vessels  are  used,  water  in- 
dicates with  an  immersed  thermometer  bulb  the  same  temperature  as 
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tke  steam  above  it  to  within  l/50tli  of  a  degree,  the  limit  to  which 
my  thermometer  could  be  read.  When  alcohol  was  used  as  the 
solvent,  the  escaping  vapour  was  led  into  a  wide  Liebig's  condenser. 
With  a  view  to  test  the  working  of  this  arrangement,  some  experi- 
ments were  made  with  watery  solutions,  the  results  of  which  agreed 
with  those  of  previous  observers.  For  comparison,  in  the  folio  vving 
tables  the  boiling  points  of  watery  solutions  are  given,  quoted,  when 
not  freshly  determined,  from  Gerlach's  exhaustive  work. 


Mercuric  Chloride. 
In  water.                                          In  ethyl  alcoliol. 

f                                   ^                         r            ' 
Per  cent.             B.  p.                       Per  cent. 

4-8          100-10"  C.                10-0 

9-0          100-16  „                  19-4 

11-04        100-20  „                   — 

15-2           100-275°  C.               — 

^ 
B.p. 

78-43°  +  0-52 

78-43    -f  0-95 

Mercuric  chloride,  as  far  as  I  know,  does  not  form  crystalline  com- 
pounds with  either  of  these  solvents. 

Mercuric  Cyanide. 


I 

n  water. 

Per  cent. 

"■^     B.7 

6-62 

100-11° 

19-10 

100-29 

Calcium  Chloride. 


In  water. 

In  alcohol. 

A 

Per  cent. 

B?p. 

Per  cent. 

B.p. 

5-6 

101° 

6-705 

78-43"  +  0-70° 

10-3 

102 

11-5 

„       +  145 

14-5 

103 

16-85 

„       +  2-70 

17-5 

104 

24-3 

„       +  5-20 

20-0 

105 

— 

Graham  has  described  a  compound  2CaCl2,7C2H60,  but  later  experi- 
menters state  that  it  is  CaCl2,4C2H60.  With  water,  it  forms 
CuCl2,6H20. 
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Lithium  Chloride. 

In  water. 

In 

alcohoL 

f           '  —    ^ 
Per  cent.       B.  p. 

Per  cent. 

B.p. 

3-38         101° 

2-4 

78-43' 

+    0-70' 

6-54         102 

5-39 

)> 

+     2-15 

13-04        105 

8-01 

5) 

+    4-18 

16-66         107 

9-93 

)5 

-h     5-55 

19-35         109 

15-94 

i) 

+  11-75 

21-8           111 

— 



Lithium  chloride  forms  with  water  LiCl/iHaO ;  with  alcohol, 
ljiCl,4C2H60.  The  curve  for  aqueous  solutions  is  fairly  expressed  by 
y  =  Ax  -r  Bx^,  where  A  =  0-24,  and  B  =  0  0109 ;  whilst  for  alcoholic 
solutions,  A  =  0-146,  B  =  0-047. 

Magnesium  Chloride. 


In  water 

In  ethyl  alcohol. 

r  ■■      -    ^  - 
Per  cent. 

B.p. 

Per  cent.                     B.  p. 

4-6 

101^ 

•      5-56         78-43°  +  0-73° 

8-4 

102 

8-53             „       +  1-34 

11-6 

103 

9-62             „       H-  1-77 

14-3 

104 

13-84            „       +  3-54 

This   forms   compounds   MgCl2,6C2H60    and   MgCl2,6H20.     These 
results  are  shown  in  Diagrams  1  and  II,  and  a  glance  is  sufficient  to 
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^     ^                                                                           t                   .         ^ 

.5     R°                                              1                   Z                X 

%                                   t           J.             ~T 

^   r                            7           y              ± 

•g  ^                          ^^        _^ 
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^%.'^''*^''^'' 
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10  15  20 

Per  cent,  of  salt. 


A.  LiCl  in  alcohol. 

B.  LiCl  in  water. 


C.  MgCl2  in  water. 

D.  MgClg  in  alcohol. 

E.  CaClg  in  water.     , 

F.  CaClg  in  alcohol. 


25 
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recognise  the  difference  in  the  character  of  the  effect  of  mercuric- 
chloride  and  of  the  other  salts  mentioned.  The  effects  of  the  same- 
salts  are  alike  in  water  and  in  alcohol. 


DiAGEAM   II. 

i-u° 

^ 

^ 

z 

/       > 

. 

z     ^^ 

■s 

z     ^^ 

o 

^z     ^"^ 

Ph 

z     ^ 

z\^ 

^  0'5° 

z   ^=^ 

s                            Z 

/^ 

'S                      z 

^^ 

s                   zV 

g                    Zy" 

*c2                       ?^^ 

£  •       (s:3S*^ 

w                    ^^ 

^  'd^  "^  '^ 

^  ^^ 

^          ^^"^ 

(Z      etf  SS^ 

n°  2**** 

5  10  15 

Per  cent,  of  salt. 


A.  HgCl2  in  alcohol. 

B.  HgClsinHCl  solution. 


C.  HgCls  in  water. 

D.  Hg(CN)2  in  water. 


20 


The  nature  of  a  mercuric  chloride  solution  has  been  examined  by  a 
second  method.  Henry's  law  for  the  distribution  of  a  gas  between  a^ 
space  and  a  solvent  can  be  applied  to  the  case  of  a  substance  in  solu- 
tion in  two  solvents  which  do  not  mix.  Mercuric  chloride  is  soluble 
in  ether,  and  ether  only  dissolves  slightly  in  water.  Experiments 
were  therefore  made  to  find  its  law  of  distribution  between  these  two- 
solvents  in  the  presence  of  one  another.  Aqueous  solutions  of  various 
strengths  were  allowed  to  be  in  contact  with  ether  for  some  days  at  the 
temperature  of  the  room,  and  then  equal  volumes  of  each  layer  were 
drawn  out  and  evaporated.     The  results  were  : — 


Per  cent,  of  salt 
in  aqueous  layer. 

Ratio  of  diyision. 

1-4 
2-1 

5-9 

4-12 
4-37 
4-00 

The  ratio  of  division  is  the  ratio  of  the  mass  of  salt  in  a  certain 
volume  of  the  ethereal  solution  to  that  in  an  equal  volume  of  the 
aqueous  layer.  It  will  be  observed  that  the  last  solution  was  some 
four  times  stronger  than  the  first,  and  yet  the  ratio  of  division  is 
practically  the    same.     Experiments   by   Berthelot  and  Jungfleisch 
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{Ann.  CTiim.  Fhys.  [4],  26,  396)  show  that  this  ratio  varies  very 
rapidly  for  solutions  which  are  good  electrolytes,  such  as  tartaric 
acid,  for  which  the  ratio  is  133  —  8  p,  p  being  the  number  of  grams 
of  acid  in  10  c.c.  of  the  aqueous  solution. 

This  coefficient  is  constant  on  the  assumption  that  the  salt  behaves 
as  a  gas  in  solution  in  two  different  solvents. 

A  mercuric  chloride  solution  in  alcohol  or  in  water  differs  very 
considerably  in  its  specific  electrical  resistance  from  solutions  of  other 
salts.  It  is  not  far  removed  from  that  of  distilled  water.  The  fol- 
lowing measurements  are  by  Mr.  T.  C.  Fitzpatrick  {Phil.  Mag.^  1887);. 
K  is  the  conductivity  at  15°. 


■g'o  equivalent  in  grams  dissolved  in 
250  c.c.  of  solvent. 

K. 

HgCl2 
MgCls 

water 
alcohol   . 
water 
alcohol 

0-0000655 
0  -000000803 
0  -00817 
0  -000587 

If  hydrochloric  acid  be  boiled  under  constant  pressure,  it  becomes- 
stronger  or  weaker  until  it  reaches  a  definite  strength  corresponding 
to  that  particular  pressure.  This  was  experimentally  examined  by 
Dittmar  and  Roscoe,  who  found  that  the  acid  prepared  in  this  way 
behaved  like  a  homogeneous  liquid.  Mercuric  chloride  is  readily 
soluble  in  hydrochloric  acid ;  further,  Ditte  and  others  have  pre- 
pared crystalline  compounds  of  it  containing  hydrochloric  acid. 

Some  ordinary  hydrochloric  acid  was  distilled  until  the  thermometer 
standing  in  the  vapour  became  steady  at  107-63°,  under  a  pressure  of 
765  mm.  The  receiver  was  then  changed,  and  about  a  litre  of  acid 
passing  over  at  that  temperature  was  collected.  This  was  used  as  the 
solvent  in  the  following  boiling  point  determinations,  which  were- 
made  in  the  way  described  at  the  beginning  of  this  paper : — 


Mercuric  Chloride 

In  constant  boiling  HCl. 

Per  cent. 

5-6 

11-3 

18-5 

24-2 


B.p. 
107-63°  +  0-22° 
»        +  0-43 
„        +  0-75 
+  1-08 


These  observations  are  shown  in  Diagram  II. 

In   a  note  on  the  compressibility  of  solutions  {Phil.  Mag.,  July,, 
1891),  I  have  remarked  that  this  property  varies  with  the  strength  of 
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the  solution  in  a  manner  similar  to  the  different  cases  described  in 
this  paper.  We  may  summarise  these  cases  into  two  groups,  a,  one 
in  which  the  measure  of  the  property  is  a  simple  function  of  the 
quantity  of  salt  present;  and,  b,  one  in  which  the  measure  of  the 
property  depends  on  some  higher  power.  Finally,  it  should  be  noticed 
that  alcoholic  solutions  of  many  salts,  CaClg,  MgClz,  ZnClz,  LiCl,  for 
example,  have  similar  properties  to  the  aqueous  solutions  of  the  same 
salts.  This  is  contrary  to  Ostw aid's  statement  (SoluHoiis,  English 
edition,  p.  188),  where  he  says  that  solutions  of  salts  in  alcohol  are 
normal. 


XXVIL — On  Limettin. 
By  William  A.  Tilden,  D.Sc,  F.R.S. 

In  a  paper  read  to  the  Ciiemical  Society,  nearly  two  years  ago 
(Trans.,  1890,  57,  323),  Mr.  C.  R.  Beck  and  I  described,  under  the 
name  limettin,  a  substance  obtained  from  the  fruit  of  the  lime.  The 
original  specimen  of  raw  material  having  been  exhausted,  I  applied  to 
Mr.  Joseph  Sturge,  a  director  of  the  Montserrat  Company,  and  he 
kindly  supplied  me  with  a  considerable  quantity  of  the  deposit 
filtered  from  oil  of  limes  after  delivery  in  this  country.  This  material, 
which  presented  the  colour  and  aspect  of  butter,  was  much  cleaner 
than  the  dried  deposit  first  operated  upon  and,  though  saturated  with 
the  essential  oil,  was  more  easily  purified. 

A  small  portion  of  it  purified  by  crystallisation,  first  from  alcohol 
rendered  alkaline  by  the  addition  of  potash,  and  subsequently  from 
pure  methylated  spirit,  was  found  to  melt  at  146 — 147°.  The  melt- 
ing point  of  the  specimen  described  in  the  former  paper  was  121°. 
Hence,  though  the  analyses  given  were  closely  concordant,  the  ques- 
tion arose  whether  the  substance  first  examined  was  a  mixture  of  two 
closely  allied  substances,  or  w^hether  it  was  merely  contaminated 
with  a  small  quantity  of  impurity  which  brought  down  the  melting 
point.  The  appearance  of  both  specimens  was  the  same.  In  the 
first  series  of  experiments,  the  limettin,  supposed  to  be  pure,  was 
found  to  be  converted  by  boiling  with  pretty  strong  caustic  alkali  into 
a  substance  having  the  same  appearance  and  general  properties,  but 
melting  at  147°,  and  this  was  supposed  to  be  deacetyllimettin.  It 
now  turns  out,  however,  that  this  is  the  pure  limettin  itself. 

To  test  this  question,  1846  grams  of  the  original  substance,  which 
.after  the  whole  had  been  fused  in  the  air-bath  was  found  to  melt 


TILDEN   ON   LIMETTIN,  M5 

at  123°,  was  boiled  for  about  20  minutes  with  54  grams  of  caustic  soda 
and  150  c.c.  water.  The  alkaline  yellow  solution  was  then  precipit- 
ated with  hydrochloric  acid,  and  the  whole  of  the  precipitate  care- 
fully collected,  washed,  and  dried.  It  weighed  18*29  grams.  The 
mother  liquors  were  found  to  contain  mere  traces  of  acetic  acid,, 
together  with  a  small  quantity  of  a  sticky,  brown  matter  soluble  in^ 
ether.  The  treatment  with  soda,  therefore,  does  not  extract  an  ap- 
preciable amount  of  anything  from  limettin,  but  it  renders  the  latter 
more  easily  capable  of  purification,  for  after  crystallising  the  recovered 
substance,  once  from  glacial  acetic  acid  (which  retained  a  little 
brown  matter)  and  twice  from  methylated  spirit,  it  melted  at 
147 — 148°.     After  recrystallisation,  it  melted  sharply  at  147*5°, 

Hence  it  appears  that  the  original  limettin,  melting  at  121 — 123°, 
was  contaminated  with  a  small  quantity  of  a  substance  which  is 
altered  by  heating  with  caustic  alkali,  but  is  precipitated  from  the 
solution  by  acids,  along  with  the  real  limettin.  This  contamination 
probably  consists  of  a  kind  of  vegetable  wax,  of  which  some  quantity 
was  separated  in  the  course  of  the  crystallisations,  and  which  seems 
to  be  soluble  to  about  the  same  extent  as  limettin  in  all  the  solvents, 
alcohol,  acetic  acid,  toluene,  &c.,  which  are  available. 

The  waxy  matter  separated  as  far  as  possible  from  limettin  melts 
below  100°. 

The  new  supply  of  raw  material    was    treated   in    the  following 
manner  : — It  was  first  steam- distilled  as  long  as  oil  came  over.     The 
residual  yellow  mass  was  semifluid,  but  solidified  on  cooling.     It  was 
then  treated  with  successive   small  portions  of  boiling  methylated 
spirit,  and  the  undissolved  crude  limettin  purified   by  crystallisation 
from   benzene  or  toluene,  and  again  from   alcohol.     The  yellowish, 
waxy  matter  is  very  difficult  to  remove,  but  even  when  quite  pure, 
limettin  is  not  white.     It  crystallises  in  prisms,  or  tufts  of  needles, 
which  are  of  a  pale-straw  colour.     It  is  easily  soluble  in  hot  alcohol, 
acetic  acid,  benzene,  or  toluene,  but  dissolves  very  sparingly  in  water 
or    in   light  petroleum.     Weak  solutions  of   the   pure   substance  in 
alcohol,  acetic  acid,  toluene,  or  water  exhibit  a  strong  violet  fluor- 
escence, the  appearance  of  which  is  good  evidence  of  its  purity,  as  the 
fluorescence  is  masked  completely  by  the  presence  of  a  very  small 
quantity  of  the  attendant  yellow  substance. 

Two  combustions  of  the  new  substance  crystallised  from  alkaline- 
alcohol,  and  from  toluene,  gave  the  following  results  :  — 


Substance 

CO2 

H2O 

Carbon 

Hydrogen 

Exp.  No. 

analysed. 

obtained. 

obtained. 

per  cent. 

per  cent. 

1.... 

0*2924 

0-6815 

01339 

63-54 

5-06 

2.... 

0*2922 

0-6814 

01337 

63-58 

5-06 

Mean  percentages 63*56  5*06' 
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With  the  view  of  stadyiag  the  sfcractare  of  limettia,  among  other 
•experiments  tried,  a  cold  alkaline  solution  was  treated  with  succes- 
sive doses  of  potassium  permanganate.  When  an  excess  of  the  oxid  - 
ising  agent  is  used,  abundance  of  oxalic  acid  and  a  very  little  acetic 
acid  is  formed,  and  nothing  else.  With  a  smaller  quantity  (25  grams 
of  permanganate  in  800  c.c.  of  water  to  50  grams  of  limettin  and 
50  grams  of  potash  in  200  c.c.  of  water),  only  brown  tarry  matters 
were  formed,  but  a  quantity  of  limettin  remained  unoxidised.  This, 
when  crystallised  from  alcohol,  gave  at  first,  and  while  the  solutions 
were  still  brown,  brilliant  leaflets  or  scales  totally  different  in  aspect 
from  pure  limettin.  But  in  proportion  as  the  impurity  was  removed, 
the  substance  recovered,  its  usual  form  of  pale-yellow  prisms 
(m.  p.  147°),  the  solutions  of  which  exhibited  the  characteristic 
fluorescence. 

The  presence  of  a  very  small  quantity  of  the  brown  product  of 
-oxidation  seemed  to  cause  a  complete  change  of  crystalline  habit. 

After  this  treatment,  the  limettin  was  deemed  very  pure,  and  was, 
therefore,  analysed.     The  following  are  the  results  : — 


Exp. 

Substance. 

CO2. 

H2O. 

Cp.  c. 

Hp.  c 

3.... 

0-3008 

0-7029 

0-1343 

63-73 

4-95 

4.... 

0-3013 

0-7080 

0-1359 

64-05 

5-01 

5.... 

0-1328 

0-3092 

0-0560 

63-48 

4-67 

6.... 

0-2011 

0-4671 

0-0850 

63-35 

4-69 

Mean  percentages 63-65         4-83 

These  numbers  agree  with  the  results  of  the  first  two  combustions. 

When  melted  limettin  is  heated,  it  boils  at  about  200°,  a  con- 
siderable quantity  distilling  unchanged,  even  under  ordinary  atmo- 
spheric pressure.  That  it  is  unchanged  is  shown  by  its  characteristic 
fluorescence,  and  by  the  melting  point  remaining  unaltered,  provided 
it  is  carefully  recrystallised.  In  the  former  paper,  the  distilled  pro- 
duct was  supposed  to  contain  about  1  per  cent,  more  carbon,  but  the 
following  analyses  of  the  carefully  purified  substance  show  that  this 
was  an  error  due  to  imperfect  purification  :  — 


Exp. 

Substance. 

CO2. 

H2O. 

Cp.  c. 

Hp.  c. 

7.... 

0-2268 

0-5310 

0-1005 

63-85 

4-92 

8  .... 

0-2241 

0-5224 

0-1007 

63-57 

4-99 

9.... 

0-2342 

0-5464 

0-1049 

63-68 

4-97 

Mean  percentages 63-68         4-98 

The  mean  results  of  the  two  series  of  combustions  quoted  in  the 
former  paper  were — 


TILDEN   ON   LIMETTIN.  347 

Carbon 63-14  and  63-29 

Hydrogen 4-86  and    4-71 

The  substance  analysed  was,  as  already  explained,  not  quite  pure. 
Tlie  three  series  of  analyses  of  the  pure  compound  give  the  per- 
centages as  stated  above,  namely  :  — 

Exps.  . .   1—2. 

Carbon 63'56 

Hydrogen 5*06 

The  formula  adopted  on  the  results  of  the  old  analyses  was 
•CisHiiOe.  But  there  appears  now  to  be  no  doubt  that  the  composition 
of  limettin  is  really  expressed  by  the  formula  C11H10O4,  which 
•corresponds  equally  well  with  the  results  of  experiment : — 

Calculated  for 


3—6. 

7—0. 

63-65 

63-68 

4-83 

4-96 

t N 

C11H10O4.  CigHuOe* 

Carbon 64*07  63-57 

Hydrogen 4-85  4-63 

Determination  of  Molecular  Weight. 
I.  Depression  of  freezing  point  of  acetic  acid  :— 

Limettin  taken     0*8579 

Acetic  acid 103-6161 

Freezing  point  of  acetic  acid 3'120° 

„  solution 2-970 


Depression    0'150 

K  =  .39,  M  =  39  X  0-8579  x  100  ^  ^^^^ 
'  0-15  X  103-61 

II.  Depression  of  freezing  point  of  benzene  : — 

Limettin  taken 0-7815 

Benzene        „       85*609 

Freezing  point  of  benzene 1-560° 

solution 1-350 


0-210 


K  =  49,  M  =  49  X  0-7815  x  100  ^  ^is. 
'  0-21  X  85*609 

The  formula  CnJlioO^  gives  ^e  molecular  weight  206. 
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Action  of  Bromine  on  Limettin. 

When  into  a  cold  solution  of  limettin  in  benzene  a  solntion  of 
bromine  in  benzene  is  allowed  to  fall,  drop  by  drop,  an  orange- 
coloTired  precipitate  is  formed  so  copiously  that  the  liqnid  often 
becomes  semi-solid.  After  an  excess  of  bromine  has  been  added, 
the  precipitate  shrinks,  and  becomes  paler  in  colour.  Hydrogen 
bromide  is  immediately  evolved.  In  order  to  prepare  the  bromo- 
derivative,  the  solution  of  limettin  in  benzene,  toluene,  or  glacial 
acetic  acid  is  poured  into  a  solution  of  bromine  in  the  same  solvent, 
keeping  the  bromine  throughout  in  excess.  The  precipitate  is  allowed 
to  remain,  in  the  presence  of  a  slight  excess  of  bromine,  for  about  half 
an  hour,  and  is  then  filtered  off  and  crystallised  from  chloroform.  It 
is  very  slightly  soluble  in  spirit  of  wine.  The  bromo- compound  is 
never  quite  white  ;  it  forms  scales  or  small  prisms. 

Analysis. 
Preparation  1. — Toluene  used  as  solvent : — 

0-2337  gram  gave  0-2468  gram  AgBr  =  44-94  per  cent.  Br. 

Preparation  2.— rAcetic  acid  as  solvent : — 

0-3589  gram  gave  0-3706  gram  AgBr  =  43' 95  per  cent.  Br. 

Preparation  3. — Acetic  acid  as  solvent : — 

0-3411  gram  gave  0*3486  gram  AgBr  =  43-49  per  cent.  Br. 

A  portion  of  Preparation  2  was  dissolved  in  chloroform,  bromine 
added,  and  the  mixture  heated  in  a  sealed  tube  for  about  six  hours 
at  120 — 130°,  and  the  product  analysed. 

0-3406  gram  gave  0-3590  gram  AgBr  =  44-81  per  cent.  Br. 

Under  the  most  favourable  circumstances,  therefore,  the  compound 
contains  not  more  than  448  to  44-9  per  cent,  of  bromine,  and  this 
agrees  closely  with  the  number  calculated  from  the  formula  CuHgBroOi, 
which  requires  43-95  per  cent,  of  bromine.  This  point  required 
careful  examination,  because  it .  was  found  that  chlorine  produces 
^ri-chloro-substitution  compound  at  once. 

Three  other  specimens  of  the  bromo-compound  were  submitted  to 
combustion,  and  gave  the  following  results  : — 


Carbon  .... 

I. 

36-85 

II.             in. 

(With  silver  coil  in  front.) 

36-59            36-75 

Calexdated  for 
36-23 

Hydrogen  . . 
Bromine  . . . 

2-64 

2-74              2-91 
—              43-23 

219 
43-95 

The  bromo-compound  melts  at  257**  with  decomposition. 
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Action  of  Chlorine  on  Limettln, 

Limetfcin  was  dissolved  in  glacial  acetic  acid  and  drj  chlorine 
passed  into  the  cold  solution.  A  precipitate  was  at  first  formed  whicli 
redissolved  in  presence  of  an  excess  of  chlorine.  After  standing  foi* 
some  hours,  the  addition  of  water  threw  down  a  white  precipitate, 
which  was  washed  and  crystallised  from  boiling  methylated  spirit,  in 
whicb  it  was  found  to  be  more  soluble  than  the  bromo-derivative. 

First  Preparation. 

Exp.  Substance.  AgCl.  Percentage  of  CI.       Mean. 

1 0-2055       -     0-2846  84-25  — 

2  ....      0-0850  0-1189  34-58  3441 

Second  Preparation. 
Substance.  COg.  HgO.  C  p.  c.       H  p.  c. 

3  ....      0-2533        0-3930         0-0548        42-24        2-40 

The  formula  C11H7CI3O4  requires — • 

Carbon    42-64 

Hydrogen 2  26 

Chlorine 34-40 

The  chloro-compound  crystallises  in  perfectly  white,  silky  needles. 
It  melts  at  1885°. 

Action  of  Chlorine  on  Dihromolimettin. 

The  dibromo-compound  suspended  in  glacial  acetic  acid  is  trented 
with  excess  of  chlorine  in  the  cold.  The  bromo-compound  dissolves, 
and  on  addition  of  water,  after  some  time,  a  mass  of  coiourle-s, 
crystalline  needles  is  deposited.  After  recrystallisation  from  toluene, 
the  new  compound  melted  at  202°. 

0-1355  gram  snbstance  gave  0*1737  gram  of  mixed  bromide  and 
chloride  of  silver. 

The  amount  required  by  the  formula  CiiH7Br2C104  is  01766. 
Probably,  therefore,  the  replacement  of  the  third  atom  of  hydn  gen 
by  the  chlorine  was  not  quite  complete,  but  the  result  is  sufficii  nily 
near  to  establish  the  nature  of  the  compound. 

Action  of  Oxidising  Agents  on  Limettin. 

A  5  per  cent,  solution  of  chromic  acid  oxidises  litnettin  completely 
into  carbon  dioxide  and  acetic  acid,  The  action  of  permanganate  has 
already  been  described  (p.  346). 

VG-L.  LXI.  2   0 


Analysis. 

Substance.                COj. 
0-2917  gave  0*5657 
0-2950      „     0-5733 
0-3170      „      15  c.c. 

1^. 

H2O.            C  p.  c.        H  p.  c. 
0-1003         52-86        3-80 
0-0983         52-98        3  70 
at  19°;  bar.  750'5  mm.  = 

3.50  TILDEN   OX   LIMETTIN. 

Nitric  acid  produces  a  red,  resinous  substance,  which,  by  further 
action  of  the  strong  acid,  dissolves,  and  a  pale-yellow  solution,  con- 
taining^ abundance  of  oxalic  acid,  results.  Dilute  nitric  acid  (1  vol. 
of  acid  of  sp.  gr.  1*4,  diluted  with  eight  times  its  volume  of  water) 
slowly  attacks  limettin  when  gently  heated.  Effervescence,  due  to 
escape  of  carbon  dioxide,  continues  for  some  time,  and  a  yellow  pre- 
cipitate is  formed.  This  precipitate,  filtered  off  and  dissolved  in  boil- 
ing methylated  spirit,  gives  tufts  of  small,  yellow  prisms,  amounting 
to  about  30  per  cent,  of  the.  limettin  employed. 


Np.  c. 


5-4 
0-2226      „      11-6  c.c.  N2  at  20° ;  bar.  749-1  mm.  =  5-9 

These  results  correspond  with  the  formula  of  a  mononitro-limettin, 
CiiH9(N02)04,  which  requires 

Carbon 52-54 

Hydrogen 3-60 

Nitrogen 553 

Action  of  Caustic  Potash  on  Linnettin. 

As  explained  in  the  former  paper  {Inc.  cit.,  p.  325),  limettin  fused 
with  potash  gives  phloroglucol  with  acetic  acid  and  a  little  formic 
acid.  No  other  acid  has  been  detected,  although  the  proportion  of 
alkali  and  the  time  and  temperature  of  fusion  have  been  varied. 

Action  of  Hydriodic  Acid  on  Limettin. 

Hydrochloric  acid,  even  at  160°,  produces  no  volatile  alkyl  chloride, 
but  when  limettin  is  boiled  with  about  10  times  its  weight  of  hydr- 
iodic acid  of  sp.  gr.  1-96,  it  evolves  methyl  iodide  readily.  2  grams 
of  limettin  boiled  with  the  acid,  and  the  evolved  vapour  conducted 
first  up  an  inverted  Liebig  condenser,  which  was  allowed  to  become 
warm,  and  then  into  a  bulb- tube  kept  at  a  temperature  below  0°,  gave 
2-37  grams  of  the  methyl  iodide. 

On  the  assumption  that  one  methoxyl  group  is  present,  2  grams  of 
limettin  should  yield  1-37  grams  of  methyl  iodide.  It  is,  therefore, 
evident  that  two  such  groups  are  present.  This  hypothesis  requires 
2-75  grams  of  methyl  iodide. 
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Action  of  Hijdrating  Agents. 

MucTi  dilut-ed  hydrochloric  or  sulphuric  acid  has  no  effect  on 
limettin.  Potash  dissolved  in  methyl  alcohol,  heated  with  limettin 
at  150°,  leaves  the  greater  part  of  it  unchanged.  The  solution  yields 
very  little  acetic  acid,  and  sufficient  phloroglucol  to  produce  a  purple 
colour  upon  a  slip  of  deal  wood.  Moderately  strong  sulphuric  ncld 
pave  the  best  results.  10  grams  of  limettin  were  heated  to  boiling 
for  a  few  minutes  with  a  mixture  of  30  c.c.  sulphuric  acid  and  30  c.c. 
Avater.  The  orange-coloured  solution  was  poured  into  about  400  c.c. 
of  water,  and  boiled  for  some  time.  The  liquid  gives  a  purple  colour 
to  deal  moistened  with  hydrochloric  acid.  On  cooling,  the  orange- 
coloured,  resinous  precipitate  was  filtered  off,  and  the  filtrate  extracted 
with  ether.  The  ethereal  extract  dissolved  in  a  little  alcohol  mixed 
with  water,  and  filtered  from  resin,  gave,  on  standing,  a  small  crop 
of  prismatic  crystals.  A  few  more  were  obtained  by  dissolving  the 
orange  resin  in  alcohol,  and  proceeding  in  the  same  way.  The  total 
yield,  however,  was  very  small,  probably  not  more  than  a  gram 
altogether.  As  it  was  necessary  to  economise,  the  new  substance  was 
not  submitted  to  combustion,  but  was  purified,  as  far  as  possible,  by 
recrystallisation,  and  the  product,  which  was  nearly  white,  was  heated 
at  100°  with  acetyl  chloride  in  a  sealed  tube.  On  opening  the  tube, 
there  was  abundant  escape  of  hydrogen  chloride,  and  on  evaporating 
the  excess  of  the  liquid,  a  residue  was  obtained  which  crystallised 
from  alcohol  in  small,  colourless,  brilliant  prisms.  To  determine  the 
acetyl  in  this  compound,  it  was  dried  over  H2SO4,  and  0*74  gram  was 
boiled  with  25  c.c.  of  5  per  cent,  aqueous  potash  for  about  20  minutes. 
The  solution  was  then  carefully  distilled  with  dilute  sulphuric  acid, 
the  distillate  neutralised  with  pure  barium  carbonate,  filtered,  and 
the  solution  evaporated  to  dryness.  The  residual  barium  acetate, 
after  drying  at  139°,  weighed  0"648  gram,  and  after  treatment  with 
sulphuric  acid,  gave  0*588  gram  of  barium  sulphate.  These  results 
correspond  respectively  to  29*4  per  cent,  and  29*3  per  cent,  of  acetyl 
C2H3O.  The  formula  CiiHio(C2H30)205  requires  29*7  per  cent.  It 
is,  therefore,  the  diacetyl  derivative  of  the  hydroxy-compound  formed 
from  limettin  by  the  addition  of  the  elements  of  1  mol.  of  water. 
As  stated  in  the  former  paper,  acetyl  chloride  has  no  action  upon 
limettin  itself,  and  acetic  anhydride  with  zinc  chloride  causes  blacken- 
ing. Hence,  limettin  contains  no  hydroxyl,  but  probably  includes 
O 

/\ 
the  group  C — C,  which,  by  the  action  of  sulphuric  acid  and  water,  is 

converted  into  HO-C— C'OH. 

Limettin  is   not  altered  by  phenylhydrazine.     When  boiled  with 

2  c  2 
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alcoholic  potash  and  excess  of  ethyl  iodide  for  about  five  hours,  a 
sticky,  brown  resin  was  formed,  but  the  greater  part  of  tlie  limottiii 
remained  unchanged.  It,  therefore,  seems  to  be  established  that 
this  compound  contains  no  !C0  group  in  any  form  corresponding  to 
a  ketone  or  an  acid. 

Limettin  in  alcoholic  solution  is  unchanged  by  the  action  of  sodium 
amahnvm.     It  gives  no  coloration  with  ferric  chloride. 

Conclusion. 

The  evidence  afforded  by  the  results  of  the  experiments  described 

in   this  paper  leads  to  the  conclusion  that  limettin  does  not  ayree 

Avith  any  known  compound.     It  has  been  shown  to  have  the  molecular 

formula  CuHio04,  which  may  be  dissected  in  the  following  manner: — • 

It  behaves  as  a  saturated  compound,  and,  therefore,  the  structure 
of  that  part  of  the  molecule  which  is  represented  above  by  the 
symbols  C3HO2,  is  not  at  present  clear,  but  further  experiments  are 
begun,  with  the  object  of  clearing  up  this  point. 

Tn  conclusion,  I  desire  to  express  my  obligations  to  Mr.  J.  H.  Wilson 
and  to  Mr.  J.  H.  Millar,  students  in  the  laboratories  of  the  Mast.n 
College,  for  the  greater  part  of  the  analytical  work  required  in  this 
in\  estigation. 

Mason  College^  Birmingham y 
February  12,  1892. 


XXVTII. — On  the  Search  for  a  Cellulose-dissolving  (Cyto-lydrolytic) 
Enzyme  in  the  Digestive  Tract  of  certain  Grain-feeding  Animals. 

By  Horace  T.  Brown,  F.R.S. 

In  a  recent  paper  by  myself  and  Dr.  G.  H.  Morris  (Trans.,  1890,  57, 
497),  it  was  shown  that  during  the  germination  of  the  seeds  of  the 
grasses  the  vegetable  cell-membrane,  constituting  the  walls  of  the 
starch-containing  cells  of  the  endosperm,  is  attacked  and  dissolved  by 
a  cellulose-dissolving,  or  cyto-hydrolytic,  enzyme.  This  enzyme  is 
secreted  by  a  special  layer  of  cells  constituting  the  epithelium  of  the 
scutellum,  and  the  destruction  of  the  cell-membrane  which  it  brings 
about  in  the  endosperm  is  a  necessary  pi  eliminary  to  the  action  of  the 
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diastase  which  is  secreted  by  the  same  cells,  and  which,  owin gr  to  its 
hio'hly  colloidal  nature,  can  only  gain  access  to  the  reserve-starch  after 
the  cell-tissue  is  broken  down. 

Although  the  cell-membrane  forming  the  wall  of  the  starch-con- 
tnining  cells  is,  in  most  of  the  Grasses,  very  thin,  it  nevertheless  con- 
stitutes a  most  formidable  barrier  to  the  passage  of  the  extremely 
non-diifusible  diastatic  enzyme  which  is  secreted  by  the  embryo.  The 
same  high  degree  of  indifFusibility  also  holds  good  with  regard  to  the 
amylolytic  enzymes  of  the  saliva  and  the  pancreas,  for  when  thin  sec- 
tions of  wheat,  barley  or  rye  (or,  better  still,  the  endosperm-cells  of 
these  seeds  separated  by  maceration)  are  digested  at  40°  with  highly 
active  amylolytic  solutions  derived  from  animal  saliva  or  pancreatic 
secretion,  I  have  always  found  that  the  starch-granules  contained  in 
the  cells  whose  walls  are  intact  resist  the  action  of  the  enzyme  for  a 
very  considerable  time,  in  some  cases  even  for  days,  whilst,  on  the 
other  hand,  if  the  cell-wall  is  ruptured,  the  enzyme  gains  ready 
access  to  the  starch,  which  it  completely  dissolves  in  a  very  few 
hours. 

A  consideration  of  these  results,  and  of  my  previous  observations 
on  the  processes  of  animal  digestion,  led  me  to  anticipate  that  in 
those  cases  where  an  animal  is  able  quickly  and  readily  to  digest  the 
uncooked  starch-contents  of  grain,  there  should  be  found  in  their 
economy  some  provision  for  removing  the  investing  cell-membrane 
and  bringing  the  contained  starch-granules  and  proteids  within  the 
sphere  of  action  of  the  amylolytic  and  proteolytic  enzymes  of  the 
digestive  tract. 

The  digestion  of  raw,  unaltered  starch  takes  place,  as  is  well 
known,  after  the  contents  of  the  stomach  have  passed  through  the 
pylorus  into  the  small  intestine,  for  little  or  no  action  on  the  starch- 
granules  can  be  detected  until  after  they  have  been  flooded  with  the 
mixed  biliary  and  pancreatic  secretions.* 

When  a  loig  which  has  been  fasted  for  48  hours  is  fed  with  barley- 
meal  from  three  to  four  hours  before  death,  and  the  contents  of 
various  portions  of  the  duodenum  are  examined,  it  is  found  in  all 
cases  tiiat  scarcely  a  trace  of  the  oris^inal  parenchymatous  cell-walls 
of  the  barley-endosperm  can  be  recognised.  The  starch-granules, 
which  are  being  rapidly  and  visibly  acted  on  by  the  pancreatic  secre- 

*  It  is  true  that  the  mixed  saliva  of  some  animals  has  a  very  marked  araylo- 
liydrolytic  power,  especially  on  starch  which  has  been  previously  gelatinised,  but 
its  action  in  the  case  of  ungelatinised  starch  must  be  very  feeble  indeed  during  the 
short  period  of  mastication,  and  its  power  in  this  direction  must  be  quickly  arrested 
by  the  natural  acids  of  the  stomach.  In  the  case  of  some  animals,  notably  the  horse, 
the  mixf^d  saliva  possesses  no  starch-transforming  power.  (F.  Smith,  Veterinary 
Journ.,  No.  156,  1888.) 
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tion,  are  all  free  from  their  cell-envelopei^,  the  endosperm  of  the  grain 
heing  in  fact  as  completely  broken  down  and  disintegrated  as  it  is 
under  the  action  of  its  own  embryo  during  the  natural  processes  of 
germination.* 

It  seemed  of  considerable  interest  to  ascertain  if  this  well-marked 
dissolution  of  cellulose,  and  consequent  exposure  of  the  starch  to  the 
action  of  the  digestive  enzymes,  could  be  in  any  way  referred  to  tlie 
secretion  of  a  cyto-hydrolyst  by  any  portion  of  the  digestive  tract  or 
by  the  secretory  organs  connected  therewith,  or  if  it  is  due  to  other 
causes. 

The  general  question  of  the  digestibility  of  cellulose  by  animals  has 
not  lacked  workers,  of  whom  may  be  mentioned  Hofmeister,  Henne- 
berg  and  Stohmann,  Schmulewitsch,  and  Tappeiner,  but  the  work  of 
most  of  these  observers  is  much  diminished  in  value  by  the  fact  that 
no  care  was  taken  by  proper  antiseptic  treatment  to  diiferentiate  the 
action  of  micro-organisms  from  that  of  the  soluble  enzymes.  This 
objection  does  not,  however,  apply  to  the  work  of  Tappeiner  {Zeit. 
Biol,  1884,  20,  52,  215  ;  ibid.,  1888,  24,  105),  which  is  by  far  the 
most  important  contribution  to  the  subject.  Tappeiner  sets  himself 
to  answer  the  following  questions  : — 

1.  In  what  section  of  the  digestive  canal  does  the  dissolution  of 
cellulose  take  place  ? 

2.  Is  it  brought  about  by  organisms  or  by  an  enzyme  ? 

In  attempting  to  answer  these  questions  experimentally,  the  con- 
tents of  the  particular  part  of  the  digestive  canal  under  experiment 
were  divided  into  three  portions. 

(a)  was  boiled  in  order  to  destroy  both  organised  and  unorganised 
ferments.  (6)  was  kept  for  some  time  under  as  nearly  as  possible  the 
natural  conditions  of  the  contents  of  the  digestive  canal,  so  as  to 
allow  the  natural  digestive  and  fermentative  processes  to  continue. 
(c)  was  treated  with  antiseptics  (chloroform  or  thymol),  so  as  to  pre- 
vent the  action  of  the  organisms,  but  not  that  of  the  enzymes. 

These  experiments  were  made  upon  cows  fed  with  hay,  the  contents 
of  (1)  the  first  stomach,  (2)  the  middle  of  the  small  intestine,  and 
(3)  the  caecum  and  neighbouring  parts  of  colon  being  removed  for 
examination. 

*  The  thick  cell-walls  of  the  so-called  aleurone-larer  (Kleberscliichfc)  remain 
intact  in  the  small  intestine,  Lu*-.  of  the  cell-walls  of  the  starchy  portions  of  the 
endosperm  only  mere  vestiges  remain,  and  these  for  the  most  part  consist  of  the 
older  portions  of  the  endosperm-tissue,  which  lie  on  the  ventral  side  of  the  grain, 
in  close  proximity  to  the  funiculus.  It  is  just  these  portions  of  the  cellular  tissue 
which  resist  for  the  longest  time  the  solvent  action  of  the  cyto-hydrohst  during 
germination,  and  when  sections  of  the  grain  are  submitted  to  the  action  of  the 
cjtj-hjdrol^st  iu  vitro. 
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The  cellulose  in  the  partially  digested  food  was  determined  by 
boiling  successively  with  1  per  cent,  solution  of  sulphuric  acid,  1  per 
cent,  solution  of  caustic  potash,  and,  lastly,  washing  with  alcohol  and 
ether. 

Tappeiner  concludes  from  his  experiments  that  there  is  a  certain 
amount  of  dissolution  of  cellulose  in  the  first  stomach  of  ruminants, 
and  that  organisms  are  concerned  in  this  ;  whether  an  enzyme  also 
plays  any  part  is  left  nncertain.  The  small  intestine  appears  to  play 
no  part  in  the  dissolution  of  cellulose,  but  in  the  large  intestine  cellu- 
lose is  dissolved  concurrently  with  a  fermentation  produced  by 
organisms. 

This  work  of  Tappeiner,  interesting  though  it  is,  as  throwing  light 
upon  the  digestibility  and  nutritive  value  of  more  or  less  lignitied 
cellulose,  does  not,  on  examination,  help  us  to  any  conclusion  as  to 
the  dissolution  of  the  thin,  soft,  parenchymatous  walls  of  the  endo- 
sperm of  the  Grasses.  The  dissolution  of  these  cell- walls  is  of  little 
or  no  importance  to  the  animal  economy  from  any  direct  nutritive 
value  which  they  possess,  but  their  removal,  as  we  have  seen,  is  of  the 
highest  importance  indirectly. 

I  have  already  stated  that  the  post-Tnortem  examination  of  the  con- 
tents of  the  duodenum  of  a  pig,  killed  when  in  full  digestion  of  a 
feed  of  barley-meal,  clearly  indicates  that  the  cell-walls  of  the  grain 
endosperm  are  already  dissolved  by  the  time  the  food  reaches  this 
portion  of  the  digestive  tract.  My  attention  was  consequently  first 
directed  to  the  pancreas,  as  it  seemed  somewhat  probable  that  this 
great  seat  of  starch  and  proteid-dissolving  enzymes  might  also  be 
instrumental  in  secreting  the  cellulose-dissolving  enzyme  of  which  I 
was  in  search. 

I  have  examined  the  pancreas  o^  pig,  horse,  ox,  and  sheep,  the  gland 
being  in  each  case  derived  from  perfectly  healthy  animals,  and  in 
some  cases  when  the  processes  of  digestion  were  in  full  activity,  that 
is,  at  a  time  when  it  would  be  almost  certain  that  the  gland  was 
secreting  everything  of  which  it  was  capable. 

Extracts*  were  made  by  digesting  the  finely  comminuted  gland  for 
several  days  in  chloroform  water,  and  filtering  off  the  clear  liquid. 
This  filtrate  was  examined  for  a  cytohydrolyst  by  immersing  in  it 
thin  sections  of  the  endosperm  of  barley,  and  observing  the  cell- walls 
from  time  to  time  under  the  microscope.  Various  temperatures  were 
employed  for  the  digestions,  ranging  from  15°  to  40°,  but  althougn 
the  starch  gi^anules  of  the  sections  were  all  sooner  or  later  dissolved 
by  the  amylo-hydrolyst  of  the    animal    extracts,    not   the    slightest 

*  My  warmest  thanks  are  due  to  Mr.  Baden  Benger  for  kindly  undertaking  to 
prepare  for  rae  these  extracts  of  pancreas,  and  also  some  ot"  the  extracts  oi'  the 
mucous  membrane  of  stomach  mentioned  later  on. 
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evidence  could  ever  be  obtained  of  any  action  on  the  cell-walls 
themselves. 

These  experiments  were  repeated  so  frequently,  and  with  so  many 
variations,  as  to  leave  no  room  for  doubt  that  amongst  the  several 
digestive  enzymes  secreted  by  the  pancreas  we  certainly  cannot 
number  one  having  the  power  of  dissolving  parenchymatous  cellulose. 

In  the  year  1880,  I  pointed  out  (Brown  and  Heron,  Proc.  Roy.  Soc, 
1880,  394)  that  certain  portions  of  the  small  intestine  possess  the 
power  of  secreting  hydrolysing  enzymes,  but  the  necessity  of  examin- 
ing this  portion  of  the  digestive  tract,  and  the  biliary  secretion,  for 
a  cellulose-dissolving  enzyme  was  rendered  unnecessary  by  my  dis- 
covering that  the  breaking  down  of  the  cell-walls  has  already  taken 
place  before  the  stomach- contpnts  have  passed  through  the  pylorus.  It 
was  in  the  stomach  itself  therefore,  or  iu  the  salivary  glands,  that 
the  search  had  now  to  be  continued. 

Mixed  human  saliva,  although  so  intensely  active  on  starch,  was 
found  to  be  quite  powerless  to  e:ffect  any  change  in  the  cell-membrane 
of  sections  of  barley,  potato,  carrot,  turnip,  8fc.,  both  in  the  cold  and 
at  40°.  It  seemed,  however,  quite  possible  that  a  cyto-hydrolytic 
action  might  be  found  in  the  saliva  of  a  grain-feeding  animal,  and 
yet  be  absent  from  the  saliva  of  man,  who  has  for  so  many  ages  taken 
most  of  his  starch-containing  food  in  a  cooked  form. 

In  order  to  test  this,  a  quantity  of  the  mixed  saliva  of  the  horse  was 
obtained  by  the  subcutaneous  injection  of  a  small  quantity  of  pilo- 
carpine. 

When  digested  with  barley  sections,  which  are  particularly  well 
suited  for  experiments  of  this  class,  no  trace  of  action  on  the  cell- 
wnlls  could  be  detected,  the  times  of  digestion  varying  from  7  hours 
to  7  days,  and  the  temperatures  from  28°  to  40**. 

As  the  mixed  saliva  of  the  horse  is  slightly  alkaline,  and  as  both 
the  cyto-hydrolyst  and  diastase  have  their  action  intensified  in  a 
veiy  slightly  acid  medium,  a  further  experiment  was  made  after 
rendering  the  saliva  very  faintly  acid  with  formic  acid,  but  here 
agjiin  the  results  were  entirely  negative. 

It  is  pretty  evident  it  is  in  the  stomach  itself  that  we  must  search  for 
the  cause  of  the  dissolution  of  the  cell-membrane  of  the  starch- 
containing  cells  of  the  ingested  grain. 

That  it  is  important  to  the  animal  economy  that  this  should  be  the 
seat  of  action  is  rendered  clear  by  the  consideration  that  the  proteo- 
lytic ferment  or  ferments  which  are  secreted  by  the  peptic  glands 
are,  like  the  amylolytic  enzymes,  capable  of  traversing  thin  cell- 
membranes  only  with  extreme  slowness,  and  although  it  may  not  be 
a.  matter  of  importance  that  the  starch  shall  be  completely  liberated 
at  so  early  a  point  iu  the  passage  of  the  food  through  the  body,  yet 
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it  cannot  be  a  matter  of  indifference  to  have  the  proteid  portion  of 
the  cell-contents  brought  into  intimate  contact  with  the  peptonising 
secretions,  so  that  the  whole  of  the  proteolytic  work  may  not  be  left 
to  the  pancreatic  secretion. 

My  observations  and  experiments,  as  regards  the  contents  of  the 
stomach,  have  all  been  made  upon  the  horse  and  the  pig,  the  food  in 
the  case  of  the  first-mentioned  animal  being  oats,  and  in  the  case  of 
the  second  coarsely  ground  harleij^meal. 

The  horses  were  in  all  cases  healthy  animals  which  had  died  or  had 
been  destroyed  from  accidental  causes,  and  which  had  been  fed  at  a 
determinate  time  before  death.  The  stomach-contents  were  generally 
placed  at  once  in  alcohol.* 

An  experimental  method  was  possible  with  regard  to  the  pigs, 
which  were  killed  in  the  ordinary  way  for  food,  full  facilities  being 
afforded  for  feeding  the  animals  at  any  desired  time  before  death, 
and  in  any  desired  manner. 

The  observed  disappearance  of  the  cell-membrane  during  primary 
digestion  may  be  due  to  one  or  more  of  the  following  causes  : — 

1.  To  mechanical  disintegration  brought  about  by  the  "  churning  '* 
and  "  propulsive  "  movements  of  the  stomach  during  digestion. 

2.  To  the  action  of  the  natural  acids  of  the  stomach,  which  may 
bring  about  the  dissolution  of  the  cellulose  either  (a)  by  direct 
hydrolysis,  or  (b)  by  converting  a  zymogen  of  the  grain  into  an 
active  cyto-hydrolyst. 

3.  To  the  action  of  a  special  enzyme  secreted  by  some  portion  of 
the  mucous  membrane  of  the  stomach. 

4.  To  the  direct  or  indirect  action  of  living  micro-organisms.  These 
may  break  down  the  cell -wall  by — 

(a.)  A  direct  attack  of  the  living  organism  without  the  interven- 
tion of  a  secreted  enzyme  : 

(b.)  A  previous  secretion  by  the  organism  of  a  special  cyto- 
hydrolyst  : 

(c.)  An  indirect  production  of  a  cyto-hydrolyst  by  the  modification 
of  some  of  the  constituents  of  the  grain  by  the  vital  pro- 
cesses of  the  micro-organisms. 

!N".B. — This  latter  case  would  be  analogous  to  the  intensi- 
fication of  diastatic  power  in  an  aqueous  extract  of  barley, 
when  this  is  submitted  for  a  few  hours  at  30°  to  the  action 
of  ordinary  yeast  {vide  Brown  and  Heron,  Trans.,  1879,  35, 
653). 

*  I  must  here  express  my  great  indebtedness  to  Professor  Fred.  Smith  of  the 
Army  Veterinary  School,  Aldershot,  for  frequently  placing  at  my  disposal  material 
derived  from  the  post- mortem  examination  of  horses,  and  for  the  collection  of  the 
horse  saliva  to  which  reference  has  already  been  made. 
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5.  To  the  self-digestion  of  the  food  under  the  influence  of  a  cjto- 
hydrolyst  pre-existent  in  the  grain  before  ingestion. 

It  now  becomes  necessary  to  examine  these  various  possible  case-s 
in  detail,  with  a  view  to  determine  the  vera  causa  of  the  disappearance 
of  the  cell-membrane. 

1.  That  the  destruction  of  the  cell-wall  is  not  brought  about 
mechanically  by  the  "  churning  "  of  the  partially  fluid  contents  of  the 
stomach  is  abundantly  proved  by  every  specimen  of  the  stomach- 
contents  which  I  have  examined.  The  cell-membrane  is  dissolvc'd 
without  previous  mechanical  disintegration,  and  all  the  consecutive 
stages  of  dissolution  can  be  traced  microscopically,  commencing  with 
a  slight  swelling  of  the  cell-wall,  and  an  increased  visibility  of 
its  stratification,  and  terminating  with  the  complete  disappearance  of 
the  minute  spindle-shaped  fragments  into  which  the  cell- wall  is 
resolved.  These  phenomena  are,  in  fact,  exactly  similar  to  those 
which  have  been  described  as  occurring  during  the  disappearance  of 
the  cell- walls  in  germination  (Brown  and  Morris,  Trans.,  1890,  57, 
468). 

2.  The  acids  of  the  stomach  are  certainly  not  instrumental  in  dis- 
solving the  cell-membrane,  as  is  proved  by  the  following  facts: — A. 
pig  which  had  been  fasted  for  54  hours  was  fed  with  barley-meal 
8J  hours  before  death.  The  partially  digested  meal,  on  microscopical 
examination,  showed  that  the  parenchymatous  cell-walls  of  the  barley- 
endosperra  had  already  been  completely  dissolved.  The  stomach- 
contents,  on  filtration,  yielded  a  filtrate  which  was  intensely  active  in 
dissolving  cellulose,  as  indicated  by  the  complete  disappearance 
within  a  few  hours  of  the  cell- walls  of  barley  sections  immersed  in 
it.*  This  filtrate  had  an  acidity  equal  to  O'll  per  cent.  HCl,  but 
since,  after  boiling,  it  completely  lost  its  power  of  attacking  cellulose, 
it  is  sufficiently  evident  that  its  activity  as  a  cyto-hydrolyst  was  in 
no  wise  due  to  the  acid  it  contained. 

I  have  found  that  a  0*2  per  cent,  solution  of  HCl,  which  is,  I 
believe,  the  maximum  amount  of  acidity  of  gastric  juice,  does  not 
hydrolyse  the  cell-membrane  of  the  endosperm  of  the  grasses  at  38° 
to  40°,  At  most,  the  cell- walls,  after  a  considerable  time,  show 
slight  signs  of  swelling  up,  but  no  dissolution  takes  place. 

Although  the  evidence  is  so  strongly  against  the  stomach  acids 
having  any  cyto-hydrolytic  effect,  it  was  considered  desirable  to 
ascertain  if  the  conditions  mentioned  in  2(6)  could  bring  about  any 
such  result,  that  is,  if  the  acids  of  the  stomach  could  have  an  indiiect 

*  it  must  be  understood  throughout  this  paper  that  all  such  experiments  w.  re 
conducted  with  antiseptic  precautions,  either  chloroform,  or  thymol,  usually  the 
former,  being  employed. 
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influence  bj  converting  any  one  of  the  food  constituents  of  the  nature 
of  a  zymogen  into  an  active  cyto-hydrolyst,  a  fact,  which,  has  not  been 
altogether  unsuspected  in  the  history  of  the  analogous  enzyme  starch- 
diastase. 

An  aqueous  extract  of  a  raw  barley  which  was  absolutely  devoid 
of  any  cyto-hydrolytic  power  was  digested  at  38°  for  20  hours  with 
0'12  per  cent,  of  HCl,  that  is,  with  an  amount  of  acid  about  equal  to 
that  of  the  stomach-contents.  The  aqueous  extract  so  treated  was 
found  after  the  digestion  to  be  as  free  from  any  cellulose-dissolving 
power  as  it  was  before  such  treatment. 

3.  I  have  made  a  very  large  number  of  experiments  on  the  stomach 
of  the  pig  in  order  to  ascertain  if  any  positive  evidence  can  be  ob- 
tained of  the  secretion  of  a  special  cellulose-dissolving  enzyme  by  any 
part  of  the  mucous  membrane.  At  the  outset  it  was  found  impossible 
to  prepare  a  filtered  aqueous  infusion  of  the  comminuted  mucous 
membrane  of  the  stomach  having  the  slightest  action  on  cellulose,  no 
matter  whether  these  infusions  had  been  made  with  neutral  chloro- 
form-water, or  with  chloroform- water  to  which  O'l  per  cent,  of  acetic 
or  hydrochloric  acid  had  been  added. 

As  it  had  been  observed  duiing  an  investigation  upon  the  hydro- 
lytic  enzymes  of  the  small  intestine  (Brown  and  Heron,  Proc.  Roy. 
Soc,  1880,  p.  399)  that  far  more  pronounced  hydro  lytic  effects  can  be 
obtained  from  the  comminuted  tissue  itself  than  from  its  aqueous 
infusion,  a  new  series  of  experiments  was  commenced  in  which  the 
mucous  membrane  of  the  stomach  was  previously  rubbed  up  with 
clean  quartz-sand  and  water  to  which  chloroform  had  been  addtd. 
The  test  sections  of  barley  endosperm  were  subsequently  immersed 
directly  into  the  turbid  infusion  so  prepared,  the  digestions  being 
carried  on  afterwards  at  temperatures  varying  from  28°  to  40°. 

Similar  infusions  were  also  made  with  glycerine,  these  being 
largely  diluted  with  water  prior  to  testing  for  their  action  on  cellu- 
lose. 

Since  there  is  a  considerable  difference  in  size,  shape,  and  structure 
between  the  peptic  glands  of  the  pyloric  and  cardiac  ends  of  the 
stomach,  a  difference  which  is  probably  indicative  of  some  variations 
of  function,  care  was  taken  to  prepare  infusions  of  the  mucous  mem- 
brane from  both  these  regions  of  the  stomach.  Moreover,  as  the 
activity  of  the  peptic  glands  is  greatest  while  the  processes  of  diges- 
tion are  in  full  progress,  in  some  of  my  experiments  the  animals  wei-e 
killed  and  the  dissection  made  within  a  short  time  of  their  being  fed. 

In  all  the  numerous  experiments,  varied  in  every  possible  way, 
absolutely  no  evidence  could  be  obtained  of  the  secretion  by  the  mucota: 
membrane  of  the  stomach  of  an  enzyme  capable  of  producing  those  phe- 
nomena of  cellulose  dissolution  which  are  so  ivell  marked  in  the  stom,ac/i' 
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consents  of  a  grain-fed  animal  within  a  short  time  of  the  ingestion  of 
food. 

4.  At  first  siglit  it  did  not  seem  at  all  improbable  that  the  disso- 
lution of  the  cellulose  might  be  brought  aboat  either  directly  or 
indirectly  by  the  micro-organisms  present  in  all  the  stomach-contents 
wln'ch  I  have  hitherto  examined.  I  have  already  signified  the  three 
possible  ways  in  which  such  organisms  may  be  supposed  to  act. 

The  microbes  of  the  stomach  have  been  investigated,  in  the  first 
place,  by  De  Bary  (Archiv  fUr  exp.  Pathologie  und  Pha,rmarologie,  20, 
24"3),  and  more  recently  by  Abelous  (Recherches  sur  les  Microbes  de 
VEs^omac.  Paris,  1889).  The  general  conclusions  arrived  at  by 
Abelous  are  that  the  micro-organisms  do  not  for  the  most  part 
exercise  an  important  action  upon  the  food  in  the  stomach,  where  the 
conditions  for  their  multiplication  and  functioning  are  unfavourable, 
owing,  in  the  first  place,  to  the  short  time  the  food  remains  in  the 
stomach,  and  in  the  second  place  to  the  acid  reaction  of  the  stomach- 
contents.  It  is  only  when  the  chyme  passes  into  the  intestine  that 
the  full  effect  of  these  micro-organisms  begins  to  be  felt. 

Amongst  the  numerous  organisms  described  by  Abelous,  the 
Bacillus  hutyricus  {Clostridium  hutyricum)  stands  out  pre-eminently 
as  a  destroyer  of  cellulose.  As  I  found  this  organism  fairly  abundant 
in  the  stomach-contents  both  of  the  pig  and  of  the  horse,  I  originally 
had  the  intention  of  preparing  pure  cultures  of  this  bacillus  for  pur- 
poses of  experiment  upon  cellulose,  but  this  was  rendered  unneces- 
sary by  fche  unmistakable  results  afforded  by  the  mixed  cultures. 

We  have  already  seen  that  when  a  pig  has  been  fed  with  barley- 
meal,  the  acid-filtrate  from  the  semi-fluid  contents  of  the  stomach  is 
strongly  cyto-hydrolytic.  It  would  appear  probable,  therefore,  that  if 
this  action  is  due  either  directly  or  indirectly  to  the  multiplication  of 
micro-organisms,  we  ought  to  be  able  to  imitate  the  phenomenon  in 
vitro  by  inoculating  a  mixture  of  barley-meal  and  water  with  the 
mixed  stomach  organisms  and  incubating  at  a  suitable  temperature  ; 
taking  care,  of  course,  to  employ  a  barley  which  does  not,  in  the  first 
instance,  possess  any  cellulose-dissolving  power. 

The  following  experiment  was  consequently  made: — A  Calif ornian 
barley,  the  aqueous  infusion  of  which  was  absolutely  without  any 
action  on  cellulose,  was  coarsely  gi^ound  and  mixed  with  cold  water  at 
the  rate  of  100  grams  of  the  meal  to  250  c.c.  of  water.  This  "  mash," 
after  inoculation  with  a  few  drops  of  the  washings  of  the  mucous 
membrane  of  the  stomach  of  a  recently-killed  pig,  was  digested  at 
36°  for  20  hours  * 

*  In  anticipation  of  the  production  of  a  cyto-hydroljst  under  the  influence  of  the 
organisms,  another  portion  of  the  "  mash,"  or  clear  liquid  as  the  case  might  be, 
was  always  digested  alongside  with  the  addition  of  a  little  chloroform.     If  the  por- 
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On  examination  at  the  end  of  that  time,  the  mash  had  acquired  the 
strong  disagreeable  odour  peculiar  to  the  contents  of  an  animal's 
stomach  when  digestion  is  in  pi'ogress,  and  differing  in  a  marked 
degree  from  the  pure  butyric  odour  evolved  from  a  mash  simply 
infected  with  the  organisms  natuially  adherent  to  the  exterior  of  the 
grain. 

The  fermenting  mass  was  swarming  with  the  bacilli,  bacteria,  and 
micrococci  of  the  stomach,  but,  notwithstanding  that  these  organi.^ms 
were  much  more  abundant  than  is  usually  observed  in  stomach-contents, 
the  cell-walls  of  the  endosperm  of  the  grain  were  still  intact,  and  the 
filtrate J'rom  the  mixture  possessed  no  power  of  dissolving  parenchyTnatous 
cellulose,  in.  both  these  respects  differing  very  much  from  the  stomach- 
contents  of  an  animal  recently  fed  with  barley-meal. 

When  a  freshly-prepared  aqueous  extract  of  barley  (preparecl,  of 
course,  from  a  proved  non-cy  to- hydro  lytic  grain)  was  sterilised  and 
inoculated  in  the  same  manner  with  a  few  drops  of  the  washings  of 
a  stomach,  the  liquid,  as  the  organisms  multiplied,  also  acquired  the 
characteristic  smell  of  animal  digestion.  When  thin  sections  of 
barley  endosperm  were  immersed  in  this  liquid  teeming  with  the 
mixed  stomach -organisms,  no  action  on  the  cell-membrane  could  be 
detected  until  several  days  had  elapsed.  After  continuing  digestion 
for  five  days  at  40°,  some  little  action  was  perceptible,  but  it  pro- 
ceeded with  extreme  slowness.  The  slight  action  observed  in  this 
case  was  evidently  due  to  a  direct  attack  of  the  organisms  on  the  cell- 
wall  without  the  secretion  of  a  soluble  enzyme,  for  the  action  was  at 
once  arrested  by  the  addition  of  a  trace  of  chloroform.  The  pheno- 
mena have  nothing  in  common  with  those  observed  during  animal 
digestion. 

I  have  repeated  these  experiments  many  times  and  in  various  ways, 
employing  in  some  cases  slightly  acid  solutions,  in  order  to  imitate 
more  closely  the  natural  processes  of  digestion.  The  results  are 
unil'ormly  consistent,  and  clearly  indicate  that  the  disappearance  of 
parenchymatous  cellulose  during  the  early  stages  of  animal  digestion 
is  not  due  to  the  intervention  of  micro-organisms.  It  is  true  that 
certain  of  these  micro-organisms,  especially  Clostridium  hufyricum, 
have  the  power  of  slowly  attacking  cellulose,  but  the  time  which  they 
require  to  produce  any  appreciable  result  in  this  direction,  and  the 
difficulty  they  experience  in  reproducing  themselves  in  an  acid 
medium,  such  as  the  contents  of  the  stomach,  render  it  in  the  highest 
degree  improbable  that  they  exert  the  smallest  influence  upon  the 
parenchymatous  cell- wall  whilst  the  food  remains  in  the  stomach. 

tion  without  chloroform  became  cyto-hydrolytic,  whilst  that  to  which  chloroform 
had  been  added  remained  without  action  on  cellulose,  it  is  evident  that  in  the 
former  caae  the  action  could  only  be  attributable  directly  or  indirectly  to  organisms. 
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5.  By  a  process  of  exhaustion  we  have  arrived  at  the  only  remain- 
ing explanation  of  the  destruction  of  the  cell-membrane  during 
digestion,  that  is,  that  it  is  dissolved  in  the  stomach  by  a  cyto-hydrolyst 
pre-exlstent  in  the  grain  before  ingestion.  I  was  for  some  time  unpre- 
pared to  accept  this  as  a  full  explanation  of  the  facts,  but  direct 
experiments  have  fully  confirmed  the  view,  and  that  none  of  the  other 
possible  causes  which  I  have  cited  contribute  in  any  degree  to  the 
observed  results. 

It  was  stated  in  a  recent  paper  by  myself  and  G.  H.  Morris  (loc. 
a't.),  that  the  cellulose-dissolving  enzyme  which  is  of  so  much  indirect 
importance  to  the  plantlet  during  the  germination  of  the  seeds  of  the 
Grasses  is  not  pre-existent  in  the  seed  during  its  resting  stage,  but 
is  a  product  of  the  germinative  processes.  Now,  although  this  is 
strictly  true  as  regards  the  morphologically  perfect  and  highly 
matured  Californian  barley  which  was  used  during  the  greater  part 
of  that  research,  I  find  that  it  is  not  strictly  true  of  all  barley  or 
Grasses,  especially  of  much  of  the  barley  grown  in  this  country  under 
somewhat  imperfect  climatic  conditions.*  This,  as  a  rule,  contains, 
even  in  its  resting  state,  a  very  appreciable  amount  of  cellulose-dis- 
solving enzyme. 

The  presence  of  the  enzyme  in  these  cases  is  demonstrable  in  the 
cold-water  extract  of  the  grain,  and  its  influence  in  self-digestion  of 
the  cellulose  is  often  distinctly  noticeable  when  the  coarsely  ground 
meal  is  digested  with  water  at  35 — 40°  for  a  short  time. 

I  have  also  found  evidence  of  the  existence  of  a  cyto-hydrolyst  in 
7ye,  but  of  all  grain  hitherto  examined  it  is  most  abundant  and  most 
active  in  oats,  an  aqueous  infusion  of  raw  oats  being,  in  fact,  much, 
more  strongly  cyto-hydrolytic  than  an  extract  made  from  an  equal 
weight  of  air-dried  barley  malt.  This  great  cellulose-dissolving 
activity  of  oats  fully  explains  a  fact  which  I  have  often  observed 
during  the  progress  of  this  enquiry,  namely,  the  extraordinary  rapidity 
with  which  the  endosperm  of  the  oat  is  disintegrated  in  the  early 
stages  of  digestion  in  the  stomach  of  the  horse,  a  disintegration  which 
is  mainly  due  to  the  complete  disappearance  of  the  cell-membrane  of 
the  grain  endosperm. 

It  seems  to  me  that  the  very  high  estimation  in  which  oats  are 
held  as  a  food-stuff  may  be  distinctly  correlated  with  their  richness 
in  the  cyto-hydrolyst,  which  enables  the  reserve  substances  enclosed  in 
the  endosperm  cells  to  come  readily  under  the  influence  of  the  diges- 
tive secretions. 

In  order  io  determine  if  the  whole  of  the  cyto-hydrolyst  in  the 
animal  stomach  is  due  to  self-digestive  action  of  the  food-stuff,  or 

*  As  a  rule,  those  barleys  which  are  grown  under  the  most  perfect  conditions  of 
climate  contain  the  least  cyto-hydrolyst  in  their  resting  state. 
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if  the  animal  by  secretory  processes  contributes  towards  the  result 
something  which  cannot  be  imitated  in  vitro,  the  following  experi- 
ments, which  may  be  regarded  as  crucial,  were  instituted. 

Two  pigs,  A  and  B,  which  had  been  fasted  for  three  days,  in  order 
to  ensure  a  complete  emptying  of  the  stomach,  were  fed  as  follows  : — - 

A.  With  a  coarsely  ground  meal  derived  from  a  barley  which  had 

been  proved    to   be  perfectly  free  from  any    cellulose-dissolving 
enzyme. 

B.  With  the  same  meal  as  above,  with  the  addition  of  10  per  cent. 

of  an  air-dried  barley  malt,  which  was,  of  course,  highly  cyto- 
hydrolytic. 

After  the  lapse  of  three  hours,  both  animals  were  killed  and  their 
stomach- contents  were  at  once  examined. 

In  A  the  barley-meal  presented  exactly  the  same  appearance  as 
when  first  administered  to  the  animal.  The  coarse  fragments  of 
endosperm  were  still  tough  and  unaltered,  and  under  the  microscope 
it  was  seen  that  the  cell-walls  had  suffered  no  dissolution. 

The  stomach  contents  of  B,  on  the  other  hand,  presented  a  totally 
different  appearance.  Very  few  fragments  of  the  starchy  endosperm 
were  intact,  and  the  few  which  were  still  coherent  showed  a  marked 
softening  and  tendency  to  fall  to  pieces.  Under  the  microscope  the 
cell-walls  were  seen  to  be  to  a  great  extent  destroyed,  the  cell-con- 
tents being  liberated  and  disintegrated. 

This  experiment  conclusively  proves  that  the  animal  itself,  besides 
affording  a  favourable  temperature,  a  suitable  mixture  of  fluid,  and 
plenty  of  mechanical  movement,  does  not  contribute  to  the  dissolution 
of  the  cell-membrane,  which  is  wholly  brought  about  by  the  enzyme 
pre-existent  in  the  grain.  When  this  special  cellulose-dissolving 
enzyme  is  absent  from  the  food,  no  dissolution  of  the  cell-wall  occurs 
in  the  stomach. 

There  can  be  no  doubt,  as  regards  the  experiments  just  described, 
that  the  stomach-contents  of  animal  B  would  enter  the  small  intestine 
in  a  condition  far  more  ready  to  be  acted  upon  and  absorbed  than 
would  the  stomach-contents  of  animal  A. 

The  relative  value  of  malted  and  unmalted  barley  as  a  food  for 
stock  has  been  the  subject  of  a  long  investigation  at  Rothamsted,  and 
the  results  were  embodied  in  an  elaborate  report  to  the  Board  of 
Trade  by  Sir  John  B.  Lawes,  in  the  year  1866.  These  results,  which 
are  consistent  with  those  obtained  in  ]845-4G  by  Drs.  Thomas  and 
Robert  Dundas  Thomson,  conclusively  indicate  that  with  cows,  oxen, 
sheep,  and  pigs,  "  a  given  weight  of  barley  is  more  productive,  both  of 
the  milk  of  cows  and  of  the  increase  in  live  weight  of  fattening 
animals,  than  the  amount  of  malt  and  malt-dust  that  would  be  pro- 
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daced  from  it "  (Report,  p.  38),  but  it  is  further  stated  that  common 
experience  seems  to  show  that  a  certain  amonnt  of  malt  is  beneficial 
when  given  in  admixture  und  in  change  with  other  food  to  young 
and  weakly  animals,  or  in  "  making  up  "  or  "  finishing  "  for  exhibition 
or  sale. 

The  condimenial  value  of  malt,  when  used  in  small  quantities  as  an 
addition  to  the  food  of  sheep  or  horses,  has  also  more  recently  been 
insisted  upon  by  Mr.  Frederic  Beard  {Journ.  Roy.  Agricult.  Soc,  17, 
86,1881). 

From  the  results  of  the  observations  I  have  recorded  in  this  paper, 
it  seems  in  the  highest  degree  probable  that  the  presence  of  a  cyto- 
hydrolyst,  and  its  amount,  in  the  food  of  grain-feeding  animals  may 
be  a  factor,  and  perhaps  a  very  important  one,  in  their  nutrition ;  for 
the  more  or  less  complete  preliminary  prepaiation  of  the  food  in  the 
stomach  cannot  be  a  matter  of  indifference  to  the  animal  physio- 
logically. This  being  the  case,  the  favourable  results  obtained  in 
certain  feeding  experiments  by  the  addition  of  a  small  quantity 
of  malt  as  a  condiment  for  the  first  time  receive  an  adequate  explana- 
tion. 

The  malt  employed  by  Mr.  Beard  had  been  dried  at  a  temperature 
not  exceeding  100°  F.,  and  must  consequently  have  been  highly  eyto- 
hydrolytic  and  able  readily  to  produce  a  complete  solution  of  the  cell- 
walls,  a  solution  which  appears  to  be  so  essential  a  preliminary  to  the 
transformation  and  assimilation  of  the  cell-contents,  both  in  the 
vegetaHle  processes  of  digestion  as  they  occur  during  the  germination 
of  seeds,  as  well  as  in  the  analogous  digestive  processes  which  occur 
in  the  alimentary  tract  of  animals. 


XXIX. — The  Volumetric  Estimation  of  Mercury. 

By  Chapman  Jones. 

Having  need  of  a  more  rapid  process  for  the  estimation  of  merciry 
than  the  usual  gravimetric  methods,  I  naturally  turned  to  the  use  of 
potassium  cyanide,  as  described  by  J.  B.  Hannay  (/.  Chem.  Soc,  1878, 
26,  565).  This  process  takes  advantage  of  the  fact  that  ammonia  pro- 
duces no  precipitate  in  a  solution  of  mercuric  cyanide,  and  consists 
in  rendering  the  neutral  mercury  solution  turbid  by  the  addition  of 
ammonia,  and  then  adding  a  solution  of  potassium  cyanide  until  the 
turbidity  is  removed.  The  mercury  present  is  proportional  to  ihe 
potassium  cyanide  necessary. 
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R.  V.  Tuson  andB.  Neison  {J.  Ghem.  Soc,  1877,  ii,  679)  have  some- 
wliat  modified  this  process  in  order  to  make  it  more  readily  applicable 
to  acid  solutions  of  mercury  salts.*  Tliey  find  that  the  amount  of 
ammonium  salts  present  must  not  exceed  from  10  to  15  times  the 
weight  of  the  mercury  compound,  as  much  ammonium  salt  prevents 
the  precipitation  by  ammonia.  But  sulphates,  nitrates,  chlorides,  or 
acetates  of  potassium  or  sodium  may  be  present  to  1000  times  the 
weight  of  mercury  salt  without  interfering  with  the  reaction.  Their 
general  method,  therefore,  consists  in  dissolving  the  mercury  com- 
pound in  acid,  as  may  be  convenient,  adding  a  little  ammonium 
chloride,  and  then  potassium  carbonate,  until  an  opalescent  precipi- 
tate appears.  The  cyanide  solution  is  then  added  as  before.  They 
give  experiments  showing  the  trustworthiness  of  the  process  as 
applied  to  the  nitrate,  sulphate,  acetate,  oxalate,  sebate,  and  citrate 
of  mercury ;  and  state  that  the  presence  of  nitrates,  sulphates,  chlor- 
ides, acetates,  oxalates,  citrates,  and  butyrates  of  potassium,  sodium, 
calcium,  and  magnesium,  and  organic  matter  as  far  as  tested,  does 
not  interfere  with  the  accuracy  of  the  method. 

From  my  experience,  I  cannot  affirm  that  these  methods  of  working 
are  satisfactory.  There  is  considerable  uncertainty  as  to  the  end  of 
the  reaction,  because  less  potassium  cyanide  will  effect  a  clearance  if 
longer  time  is  allowed.  Hannay  himself  finds  this  to  be  the  case, 
and  suggests  limiting  the  time,  between  the  addition  of  the  final 
drops,  to  one  minute.  Tuson  and  Neison  suggest  half  a  minute. 
Less  than  this  would  be  useless,  as  the  precipitate  is  tardily  dissolved 
by  the  cyanide.  But  I  find  that  such  a  time  limit  is  not  satisfactory, 
as  the  precipitate  is  not  always  equally  soluble  in  the  cyanide;  it  is 
liable  to  differ  in  its  state  of  aggregation,  Nor  is  it  possible  to  keep 
it  down  to  a  mere  opalescence,  for,  as  Hannay  observes,  if  but  little 
ammonia  is  added,  the  cyanide  increases  the  precipitate  until  about 
half  the  necessary  quantity  has  been  added.  I  have  found  variations, 
to  the  extent  of  about  1  per  cent,  from  this  cause. 

On  applying  the  variation  of  Tuson  and  Neison  to  acid  solutions  of 
mercury,  a  smaller  quantity  of  cyanide  cleared  the  solution.  The 
deficiency  was  generally  about  5  per  cent.,  but  in  one  case  it  was  no 
less  than  30  per  cent.  The  suspicion  that  this  anomaly  was  due  to 
the  presence  of  carbonic  anhydride  was  confirmed  by  the  folio  win  o- 
observations : — By  boiling  out  the  carbonic  anhydride  from  the  last- 
mentioned  solution,  and  allowing  it  to  stand  for  a  short  time,  a  pre- 

*  In  their  paper  they  recommend  the  preparation  of  a  solution  of  potassium 
cyanide  containing  17  grams  to  the  litre.  This  is  evidently  a  misprint,  as  7  grams 
gives  a  solution  of  about  the  required  strength.  The  figure  17  is  reproduced  in  the 
fourth  and  fifth  editions  of  Sutton's  Manual.  I  have  not  been  able  to  see  a  copy 
of  the  sixth  edition. 

YOL.  LXI.  2   D 
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cipitate  settled  down,  which,  however,  adhered  to  the  flask,  so  that  it 
was  not  practicable  to  titrate  it  with  more  cyanide.  On  boiling  o£F 
the  carbonic  anhydride  before  titrating,  the  normal  amount  of  cyanide 
was  required.  On  the  other  hand,  on  passing  a  current  of  carbonic 
anhydride  into  a  solution  left  turbid  because  of  the  addition  of  an 
insufficiency  of  potassium  cyanide,  a  large  amount  of  clearing  action 
was  observed.  The  addition  of  potassium  bicarbonate  also  had  a 
clearing  effect. 

These  difficulties  and  uncertainties  can,  I  find,  be  entirely  elimi- 
nated, and  the  process  reduced  to  a  series  of  operations  which  are 
comparatively  simple  and  rapid,  by  performing  the  titration  in  an 
entirely  different  manner  from  either  variation  suggested  by  the 
authors  referred  to.  I  employ  a  solution  of  mercuric  chloride  con- 
taining O'Ol  gram  of  metal  per  cubic  centimetre,  and  a  solution  of 
crystallised  potassium  cyanide  made  by  dissolving  7  grams  to  the  litre, 
the  exact  value  of  which  is  found  by  titrating  it  against  the  mercury 
solution.  Strong  ammonia  diluted  to  ten  times  its  bulk,  and  some 
diluted  to  fifty  or  a  hundred  times  its  bulk,  are  convenient. 

If  the  mercury  solution  is  not  fit  for  titration,  the  metal  is  precipi- 
tated as  sulphide,  which,  after  washing,  is  washed  off  the  filter  and 
allowed  to  subside  ;  the  clear  water  is  then  decanted  off,  and  aqua  regia 
added  to  the  moist  residue.  The  precipitate,  with  the  paper  it  is  on, 
might  doubtless  be  treated  direct  with  aqua  regia,  as  Tuson  and  Neison 
found  that  organic  matter,  so  far  as  they  tried  it,  does  not  influence 
the  result.  To  avoid  the  possibility  of  volatilising  the  mercury  salt, 
the  aqua  regia  is  allowed  to  act  in  the  cold.  In  a  few  hours,  some- 
times in  far  less  time,  the  residue  is  of  a  pure  yellow  colour,  and  the 
solution  may  be  diluted  and  filtered.  The  solution,  or  an  aliquot 
part  of  it,  is  then  coloured  distinctly  with  litmus  extract,  treated 
with  successive  small  quantities  of  powdered  potassium  carbonate 
until  alkaline,  warming  but  slightly,  and  then  rendered  just  acid 
with  dilute  hydrochloric  acid,  with  subsequent  boiling  to  remove  the 
carbonic  anhydride.  The  mercury  is  not  precipitated  at  all,  unless 
the  carbonic  anhydride  is  boiled  out  before  acidification.  After 
cooling,  the  dilutest  ammonia  mentioned  above  is  added,  a  drop  at  a 
time,  until  the  litmus  in  the  solution  shows  that  the  excess  of  acid  is 
very  slight,  or  in  just  insufficient  quantity  to  produce  a  permanent 
precipitate.  A  quantity  of  cyanide  solution,  which  is  known  to  be  in 
excess  of  that  required,  is  added,  and,  as  a  guide  for  the  first  titration, 
the  ammonia  may  be  added  until  a  slight  precipitate  is  produced,  and 
cyanide  until  the  solution  is  cleared.  Two  or  three  drops  (not  more) 
of  the  1  in  10  ammonia  are  introduced,  and  then  more  of  the  mercury 
solution  is  added  until  the  permanent  turbidity  produced  matches  that 
obtained  by  adding  O'l  c.c.  of  the  mercury  solution  to  about  the  same 
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balk  of  water  as  the  test,  and  containing  approximately  the  same 
amounts  of  litmus  and  free  ammonia.  Each  drop  of  the  mercurv^ 
solution  added  produces  its  maximum  turbidity  in  a  few  seconds,  and 
it  can  be  seen  at  a  glance,  if  the  flasks  are  properly  placed,  whether 
this  turbidity  is  equal  to  or  less  than  the  standard.  In  a  few  seconds 
more  it  is  quite  obvious  whether  the  turbidity  is  permanent  or  is 
growing  less.  Too  much  free  ammonia  causes  the  precipitate  to  clot 
together,  and  so  vitiates  the  result.  The  presence  of  the  litmus  tends, 
in  my  experience,  to  lessen  the  error  due  to  the  variation  in  the  state 
of  aggregation  of  the  precipitate  when  too  much  ammonia  has  been 
added.  The  turbidities  so  obtained  will  remain  apparently  unchanged 
for  many  hours.  The  O'l  c.c.  excess  of  mercury  solution  is  of  course 
allowed  for  in  the  calculation. 

The  following  consecutive  titrations  were  done  by  this  method : — 

HgCla.  KCy.  1  c.c.  of  KCy  =  of  Hg. 

I 16-9  18-1  0-009402 

IT 18-93  20-27  0-009404 

III 19-49  20-93  0-009382 

The  first  two  titrations  were  done  with  the  plain  solution  of  mer- 
-curic  chloride,  litmus  only  being  added.  To  the  third  solution,  2  c.c. 
of  concentrated  hydrochloric  acid  and  0-7  c.c.  of  concentrated  nitric 
acid,  were  added,  and  the  neutralisation  carried  oat  as  above.  I  have 
ralmost  invariably  found  that  in  the  presence  of  alkaline  salts  rather 
more  cyanide  is  required,  but  the  difference  is  practically  negligible. 
About  2  grams  of  a  certain  double  salt  of  mercury  and  silver,  con- 
taining 52-56  per  cent,  of  mercury,  was  separated  into  two  parts  by  a 
•certain  reaction,  and  the  mercury  in  each,  after  separation  from  the 
silver,  was  titrated  in  fifths,  and  a  total  of  52-22  per  cent,  of  mercury 
was  found. 


XXX. — A  Rule  for  determining  whether  a  given  Benzene  Mono-derivative 
shall  give  a  Meta-di-derivative  or  a  mixture  of  OrtJio-  and  Para- 
di-derivatives. 

By  Professor  A.  Crum  Brown  and  Dr.  John  GtIbson. 

"When  a  monobenzene  derivative  CsHsX  is  so  treated  as  to  give  a 
-dibenzene  derivative  CeH^XY,  it  is  well  known  that,  as  a  rule,  this 
dibenzene  derivative  is  either  (a)  exclusively,  or  nearly  so,  a  meta- 
^•ompound,  or  (6)  a  mixture  of  ortho-  and  para-  with  none  or  very  little 
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meta- ;  and  that  whether  the  case  shall  fall  under  (a)  or  (h)  depends 
on  the  nature  of  the  radicle  X,  and  not  at  all,  or  only  very  slightly, 
on  the  nature  of  Y. 

The  first  attempt  at  generalisation  on  this  matter  was  made  by 
Nolting,  who  attempted  to  classify  radicles,  so  that  one  class  should 
include  those  the  compounds  of  which,  with  CeHg,  give  me^a-di-deriva- 
tives,  and  the  other  class  those  the  compounds  of  which,  with  CeHg, 
give  07'tho-  andpara-di-derivatives.  But  Nolting's  classification,  and  all 
the  rules  derived  from  it,  fail  in  precision.  We  cannot  apply  the  rule 
so  as  to  be  quite  sure  of  its  meaning.  When  the  rule  seems  to  fail, 
it  is  always  possible  to  find  an  excuse  for  it.  Rules  of  such  a  kind 
are  of  little  use  practically  or  theoretically  ;  they  are  not  really  rules, 
but  only  indications  of  regularity. 

We  have  gone  over  all  the  cases  known  to  us,  and  have  formulated 
a  rule  "vvhich  holds  in  all  these  cases,  and  is  always  capable  of  rigor- 
ous application,  so  that,  if  in  any  case  it  should  be  found  to  fail,  no 
excuse  could  be  found  for  it.  We  shall  best  explain  our  rule  by 
showing  how  we  apply  it.  We  shall  write  in  column  A  a  number  of 
benzene  mono-derivatives,  in  column  B  the  radicles  replacing  one  H 
of  CeHe,  in  column  C  the  hydrogen  compounds  of  these  radicles,  in 
column  D  the  hydroxy-compounds  of  the  same  radicles,  and  in 
column  E  the  letters  m  or  o-p,  according  as  the  mono-derivatives 
give  meta-  or  a  mixture  of  ortho-  and  para-di-derivatives. 

In  column  C,  we  mark  with  an  asterisk  those  substances  which 
are  not  capable,  by  direct  oxidation,  of  being  converted  into  the  cor- 
responding hydroxy-compounds  in  the  next  column,  and  in  column 
D  we  mark  with  an  asterisk  those  substances  which  can  be  formed 
by  direct  oxidation  from  the  corresponding  hydrogen  compounds,  so 
that  in  each  horizontal  line  there  is  one  asterisk  and,  one  only,  either  in 
column  C  or  in  column  D.  By  direct  oxidation  we  mean  oxidation  by 
one  step.  Thus,  no  doubt  H'CHscan  be  converted  into  HO'CHg,  but 
not  by  one  step  of  oxidation ;  whereas  H'CO'CHs  can,  by  one  step  of 
oxidation,  be  converted  into  HO'CO'CHg.  Now  it  will  be  seen  that 
wherever  the  H  compound  is  asterisked,  we  find  o-p  in  column  E,^ 
and  whenever  the  HO  compound  is  asterisked  we  find  m  in  column  E. 
In  other  words,  when  X  is  naturally  to  be  regarded  as  a  derivative  of 
HX,  CeHgX  gives  ortho-  and  para-di-derivatives,  and  when  X  is  natur- 
ally to  be  regarded  as  a  derivative  of  HOX,  CeHsX  gives  meta- 
di- derivatives.  Our  test  by  which  we  determine  whether  X  is  to  bo 
regarded  as  derived  from  HX  or  HOX  is,  can  HX  be  directly,  by  a 
single  oxidising  step,  converted  into  HOX  or  not  ?  If  it  cannot, 
then  X  is  to  be  locked  on  as  derived  from.  HX  ;  if  it  can,  then  X  is; 
to  be  looked  on  as  derived  from  HOX. 
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o-p. 

CeHsGO  H 

•CCH 

HCOH 

HOCOH* 

m. 

CeH^CO-OH 

•OOOH 

HCOOH 

HOCO-OH* 

m. 

OeHsSOg-OH 

•SO2.OH 

HSO2OH 

H0S02-0H* 

m. 

CgHsCOCHg 

•CO-CH, 

HCO.CH3 

HC0-CH3* 

m. 

O6H5CH2COOH 

•CHa-CO-OH 

HCH2C0-0H* 

HO-CHs-COOH 

o-p. 

The  table  niiglit  have  been  further  extended,  but  these  examples 
are  sufficient  to  show  how  we  apply  the  rule. 

It  may  be  said  that  CeHs-CCla  gives  mC6H5(N'02)-COOH.  But  this 
is  a  case  in  which  the  experiment  cannot  be  applied,  because  we  have 
no  means  of  knowing  whether  the  conversion  of  '0013  into  CO'OH 
takes  place  before  or  after  the  replacement  of  'H  by  •]Sr02 ;  and  when 
the  experiment  can  be  applied,  as  in  the  chlorination  of  CsHs'OOls,  we 
find  that  we  obtain  0  and  p  CeHiCl'CCla. 

The  rule  given  above  is  not  a  Zaw;,  because  it  has  no  visible  relation 
to  any  mechanism  by  which  the  substitution  is  carried  out  in  one  way 
rather  than  in  another  way,  but,  if  it  is  found  to  be  rigorously 
applicable  it  must  be  related  in  some  way  to  a  law,  and  may  be  of 
use,  both  as  grouping  phenomena  together  and  in  guiding  us  to  the 
cause  of  the  formation  of  meta-compounds  in  certain  cases,  and  of 
ortho-  and  para-  in  others. 


XXXI. — Influence  of  Oxygen  and  Goncentration  on  Alcolwlic 
Fermentation. 


By  Adrian  J.  Brown. 

The  following  paper  describes  some  experiments  which  suggested 
themselves  when  investigating  the  effects  of  varying  environment  on 
the  reproduction  of  yeast  cells. 

In  this  investigation,  I  employed  the  method  of  direct  enumeration 
of  yeast  cells  by  means  of  a  ha3matimeter,  after  the  manner  described 
by  Pedersen  (Meddelser  fra  Garlsberg  Lahoratoriet,  Hefte  I),  to  whom  it 
was  first  suggested   by  Drs.  Panum  and  Hansen.     Working  in  this 
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Avay,  it  is  possible  to  determine  with  considerable  accuracy  the 
number  of  yeast  cells  present  in  a  known  volume  of  liquid,  so 
that  a  known  number  of  cells  may  be  introduced  into  any  liquid 
capable  of  sustaining  their  reproductive  existence,  and  at  any  sub- 
sequent time  tbeir  number  can  be  again  ascertained.  In  experiments 
on  fermentation,  this  method  of  determining  the  yeast  by  the  number 
of  cells  present,  instead  of  by  its  weight  (used  by  Pasteur  and  others),, 
has  distinct  advantages,  which  are  pointed  out  by  Pedersen. 

My  experiments,  amongst  other  things,  tended  to  confirm  our 
knowledge  that,  when  any  fermentable  nutritive  solution,  such  as 
malt  wort  or  a  solution  of  dextrose  in  yeast-water,  is  inoculated  with 
a  "  high  "  fermentation  yeast,  and  kept  at  a  temperature  favourable 
to  yeast  growth,  the  cells  reproduce  themselves  rapidly  for  a  time, 
and  then  their  reproduction  ceases,*  and  that  the  fermentation  of  the 
solution  may  still  be  carried  on  by  the  continued  life  of  the  cells 
already  formed. 

One  interesting  point  in  connection  with  the  increase  in  the  number 
of  yeast  cells  in  a  fermentable  liquid  is,  that,  although  different  liquids 
may  cause  yeast  to  increase  to  a  differing  extent,  yet  the  same  liquid, 
providing  all  the  conditions,  such  as  agitation,  &c.,  are  kept  con- 
stant, appears  to  cause  an  increase  in  the  number  of  cells  to  about 
the  same  maximum,  no  matter  how  the  amount  of  yeast  added  to 
start  the  fermentation  may  vary.f 

I  quote  an  experiment  to  make  my  meaning  quite  clear : — 

Two  flasks,  A  and  B,  each  containing  150  c.c.  of  the  same  malt 
wort,  were  taken,  and  to  each  a  different  amount  of  the  same  "  high 
fermentation  "  yeast  was  added,  so  that  when  the  cells  were  evenly 
dispersed  in  the  liquids  by  agitation,  -^qq  of  a  cubic  millimetre  (the 
standard  volume  used  with  my  heematimeter)  of  each,  contained  respec- 
tively 0"93  and  7'44  cells.  That  is  to  say,  one  solution  contained  eight 
times  as  many  yeast  cells  as  the  other  at  the  commencement  of  the 
fermentation.  The  flasks  were  both  kept  at  a  temperature  of  25°  C. 
until  not  only  yeast  growth,  but  fermentation  also,  was  quite  over, 
and  then  the  total  number  of  yeast  cells  present  in  each  experiment 
was  counted.  In  flask  A,  the  yeast  had  increased  from  093  cell  to- 
25*24  in  each  standard  volume;  whilst  in  flask  B,  7*44  cells  had 
increased  to  27*08.  In  flask  A,  the  cells  had  increased  to  27  times 
their  original  number;  whilst  in  flask   B   they  had   only  increased 

*  These  remarks  of  course  only  apply  to  the  "  primary,"  or  first  rapid  fermen- 
tation of  such  a  liquid  as  malt  wort  (such  a  fermentation  in  fact,  as  is  carried  on  in 
the  ordinary  process  of  brewing  in  England),  and  do  not  refer  in  any  way  to  the 
"  secondary  "  fermentation  and  slow  yeast  increase  which  takes  place  in  liquids 
like  ale  when  in  cask. 

t  It  is  assumed  here  that  the  same  yeast  at  the  same  age  is  used. 


AND   CONCENTRATIOX   ON  ALOOHOLTO   FERMENTATION.       371 

3'6  times,  yet  the  total  number  of  cells  found  at  the  conclusion 
of  both  experiments  was  approximately  the  sama,  that  is,  25'24  in  A, 
against  27'08  in  B. 

This  experiment  is  one  of  many  which  all  point  to  the  same 
conclusion. 

There  are  several  points  of  interest  in  connection  with  this  ques- 
tion, but  I  wish  at  present  to  confine  myself  to  the  fact  that  the 
experiments  to  which  I  have  referred  appear  to  show,  that  all  fer- 
mentable nutritive  solutions  cause  "  high  fermentation  "  yeast  cells 
to  increase  in  number  to  some  fixed  maximum,  irrespective  of  the 
number  of  cells  originally  introduced  to  start  the  fermentation. 

The  experiments  described  above  were  conducted  by  introducing  a 
less  number  of  yeast  cells  into  fermentable  liquids  than  these  liquids 
would  ultimately  develop  ;  I  will  now  give  the  result  of  adding  more 
cells. 

Two  flasks,  each  containing  100  c.c.  of  the  same  malt  wort,  were 
taken ;  to  No.  I,  yeast  was  added  to  the  extent  of  6'0  cells  per  4^0  o 
c.mm.,  and  to  No.  II,  to  the  extent  of  70*8  cells.  After  allowing 
time  for  complete  multiplication  of  yeast  at  24°,  the  cells  were  again 
counted.  In  No.  I,  the  cells  had  increased  from  60  to  24*9 ;  and  in 
No.  II,  the  number  of  cells  found  was  68*2,  against  70*8  originally 
introduced. 

The  number  24*9  found  in  flask  No.  I,  is  evidently  the  number  of 
cells  that  the  particular  wort  used  would  grow  ;  so  by  adding  originally 
70*8  cells  to  flask  No.  II,  this  number  was  far  exceeded.  As  a  con- 
sequence, there  has  been  no  increase  in  the  number  of  cells.  The 
slight  decrease  is  what  I  have  observed  in  all  my  experiments  with 
large  excess  of  yeast,  and  is,  I  believe,  due  to  a  few  of  the  cells  dying 
and  becoming  disintegrated,  so  that  their  attenuated  remains  are 
easily  overlooked  during  the  process  of  counting  in  the  hsematimeter. 

During  these  experiments,  the  yeast  cells  were  repeatedly  examined 
with  the  microscope.  In  No.  I,  free  multiplication  of  the  cells  by 
budding  was  observed  during  the  early  stage  of  fermentation ;  but  in 
No.  II,  not  the  slightest  sign  of  increase,  or  growth  in  size,  of  the 
cells  could  be  detected  at  any  time,  although  the  fermentation  of  the 
liquid  in  which  they  were,  proceeded  with  great  rapidity. 

In  another  experiment,  carried  on  at  a  temperature  of  10°,  two  flasks 
(Nos.  Ill  and  IV),  each  containing  100  c.c.  of  the  same  malt  wort, 
were  yeasted  at  the  rate  of  16*6  and  33'2  cells  respectively.  After 
fermentation  was  over.  No.  Ill  contained  21 '7  cells,  and  No.  IV,  30*45. 
Here,  again,  when  a  number  of  cells  were  added  exceeding  the 
limit  that  the  fermentable  liquid  was  capable  of  developing,  no 
increase  in  the  number  took  place.  It  is  worthy  of  note  that,  in  this 
experiment,  when  the  cells  in  No.  IV  flask  were  examined  under  the 
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microscope  at  the  commencement  of  fermentation,  some  of  them  did 
show  an  inclination  to  increase  by  budding,  but  the  buds  only  deve- 
loped, to  such  a  small  extent  that  it  was  impossible  to  consider  them 
as  complete  cells  when  enumerating  the  individuals  present  at  the 
end  of  the  experiment.  It  will  also  be  noticed  that  the  amount  of 
yeast  added  was  not  very  largely  in  excess  of  the  maximum  the  liquid 
was  capable  of  developing.  Under  similar  circumstances,  this  result 
often  occurs,  particularly  when  the  fermentation  is  carried  on  in  malt 
wort,  or  is  agitated  by  mechanical  means ;  but  when  the  number  of 
cells  added  exceeds  by  two  or  three  times  the  total  number  the  liquid 
is  capable  of  developing,  it  is  then  rare  to  observe  the  slightest  sign 
of  budding. 

When  it  is  known  that  a  nutritive  fermentable  solution  will  only 
sustain  the  growth  of  yeast  cells  to  some  fixed  point,  it  is,  perhaps, 
not  surprising  to  find  that,  if  a  greater  number  of  mature  yeast  cells 
are  introduced  into  such  a  liquid,  there  is  little  or  no  reproduction. 
But  when  this  fact  is  recognised,  it  appears  to  open  out  a  method  of 
experimenting  on  the  fermentative  powers  of  yeast  in  a  manner 
which,  I  think,  has  not  been  attempted  before. 

Although  consideration  of  the  phenomenon  of  alcoholic  fermenta- 
tion gives  rise  to  difference  of  opinion  amongst  chemists  and  biolo- 
gists, I  think  all  must  agree  that,  however  produced,  fermentation  is 
the  work  of  the  individual  yeast  cell  itself,  and  that  the  fermenta- 
tion of  a  liquid,  no  matter  how  large  its  volume,  is  really  the  joint 
action  of  the  active  yeast  cells  present  working  as  individuals.  In 
studying  alcoholic  fermentation,  obviously  it  is  necessary  in  most 
experiments  to  consider  this  phenomenon  in  relation  to  the  yeast 
that  causes  it.  When  fermentation  experiments  are  carried  on  under 
ordinary  circumstances,  a  great  difficulty  met  with  is  that  the  yeast 
itself  is  not  a  constant  quantity  ;  and  although  the  quantity  present 
at  any  given  time  can  be  determined  by  weighing  or,  better  still, 
by  counting  the  cells,  yet  so  many  unknown  and  imperfectly  known 
factors  are  present,  such  as  the  rate  at  which  the  cells  have  been 
increasing,  their  fermentative  power  at  different  ages,  &c.,  that  con- 
clusions drawn  from  experiments  made  in  this  way  concerning  the 
relation  of  yeast  cells  to  their  fermentative  power,  must  be  peculiarly 
liable  to  error. 

An  ideal  method  of  experimenting  would  be  to  take  a  single  non- 
increasing  yeast  cell  and  study  its  action  as  the  cause  of  alcoholic  fer- 
mentation ;  for,  as  it  has  been  shown  long  ago  that  fermentation  can 
be  brought  about  by  yeast  cells  that  are  not  multiplying,  it  follows 
that  the  factor  of  yeast  increase  may  be  eliminated  entirely  when 
studying  the  fermentative  property  of  a  yeast  cell,  for  it  is  evidently 
a    something  apart  from    its  multiplying   property.     At    present,  it 
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appears  impossible  to  experiment  on  a  single  non-increasing  yeast  cell 
in  the  manner  just  suggested,  but  when  we  know  from  tlie  experi- 
ments described  before,  that  bj  taking  a  large  number  of  yeast  cells 
we  can  cause  fermentation  without  any  increase  in  the  number  of 
cells,  and  when  we  recognise  that  the  woi'k  of  a  large  number  of  cells 
is  really  the  sum  of  the  work  of  the  individual  cells  present,  it  seems 
probable  that  experiments  on  fermentation  made  under  these  condi- 
tions might  yield  interesting  results,  so  many  complicating  factors 
with  regard  to  yeast  increase  being  removed. 

The  first  experiments  made,  were  undertaken  with  a  view  of  ascer- 
taining the  influence  of  oxygen  on  the  fermentative  power  of  yeast 
cells  which  did  not  increase  in  number.  To  a  malt  wort  of  1065  sp. 
gr.  "  high  "  fermentation  yeast  was  added,  so  that,  when  the  yeast  cells 
were  evenly  distributed  by  agitation,  ^o^o^  c.mm.  of  the  liquid  con- 
tained 85  cells.  120  c.c.  of  this  solution  were  poured  into  a  flask,  A, 
so  as  nearly  to  fill  it,  and  its  mouth  was  closed  in  such  a  manner  as  to 
allow  the  carbon  dioxide  given  off  during  fermentation  to  escape 
without  air  gaining  access  to  the  solution.  120  c.c.  of  the  same  solu- 
tion were  also  poured  into  a  flask,  B,  of  about  1500  c.c.  capacity,  so 
that  the  bottom  of  the  flask  was  only  covered  with  a  thin  layer  of 
the  liquid.  The  flask  was  also  arranged  so  that  a  current  of  air 
could  be  drawn  through  the  liquid.  Two  equal  quantities  of  the  same 
liquid  containing  the  same  number  of  yeast  cells  were  thus  arranged, 
so  that  one,  A,  should  ferment  out  of  contact  with  the  air  (excepting 
the  small  amount  present  at  the  commencement  of  fermentation), 
and  the  other,  B,  should  ferment  not  only  with  a  large  surface 
exposed  to  the  air,  but  also  with  a  rapid  current  of  air  continually 
passing  through  the  solution.  The  fermentation  was  carried  on  at  a 
temperature  of  19°,  and  progressed  very  rapidly,  owing  to  the  large 
amount  of  yeast  present.  After  three  hours,  the  fermentation  was 
stopped  in  both  flasks  by  the  addition  of  salicylic  acid.  The  solutions 
in  each  flask  were  then  distilled,  and  from  the  sp.  gr.  of  the  distil- 
lates the  amounts  of  alcohol  were  determined.  After  correction  for  the 
alcohol  introduced  with  the  original  yeast,  the  amount  of  alcohol 
formed  by  the  fermentation  in  flask  A  was  3'35  grams,  and  in  flask  B 
3*56  grams,  showing  that  fermentation  had  been  carried  on  by  the 
yeast  cells  rather  more  rapidly  when  aerated  than  when  not  so  treated. 
-  On  counting  the  yeast  cells  at  the  termination  of  the  experiments, 
it  was  found  that  no  increase  in  number  had  taken  place  in  either 
case ;  but  microscopic  examination  showed  that  a  very  small  percent- 
age of  the  cells  in  each  flask  had  developed  minute  buds,  but  not 
nearly  large  enough  to  allow  them  to  be  considered  as  complete  cells. 
The  number  of  cells  in  the  aerated  flask  that  showed  these  minute 
buds  was  slightly  greater  than  in  the   other,  and   it  might  be  urged 
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that  this  was  the  cause  of  more  sugar  being  decomposed,  owing  to 
the  presumably  greater  size  of  a  number  of  the  cells. 

Another  experiment  was  undertaken  in  order  to  increase  the 
amount  of  oxygen  present  during  fermentation,  and  also  to  avoid  even 
the  slight  signs  of  incipient  yeast  multiplication  that  took  place  in 
the  last  experiment.  In  order  to  attain  this  last  result,  the  ferment- 
able liquid  chosen  for  experiment  was  a  15  per  cent,  solution  of  dex- 
trose in  yeast- water.  Such  a  solution,  although  it  promotes  the  growth 
of  yeast,  does  not  appear  to  be  quite  such  a  favourable  medium  as 
malt  wort  for  this  purpose,  and  consequently  overcrowding  it  with 
yeast  cells  more  easily  prevents  all  tendency  towards  multiplication. 

50  c.c  of  the  yeast- water  and  dextrose  solution  were  placed  in  a 
tall,  naiTow  cylinder,  so  that  a  strong  current  of  air  could  be  drawn 
through  the  full  depth  of  the  liquid  so  rapidly  that  a  great  part  was 
constantly  in  a  frothy  condition.  Previously  to  starting  the  experi- 
ment, yeast  was  added  to  the  solution  to  the  extent  of  90  cells  per 
Woo  c.mm.  At  the  time  of  starting  this  experiment,  another  portion 
of  the  same  sugar  solution,  mixed  with  the  same  number  of  the  same 
yeast  cells,  was  fermented  in  a  closed  flask  out  of  contact  with  the  air. 
Both  fermentations  were  carried  on  at  a  temperature  of  19°  for  three 
hours,  and  then  stopped  with  salicylic  acid  as  before.  After  deter- 
mination of  the  sugar  left  unfermented  in  both  solutions,  by  means  of 
the  polariscope,  it  was  found  that  whilst  1*96  grams  of  dextrose  had 
been  fermented  in  tlie  solution  out  of  contact  with  air,  2"32  grams  had 
been  fermented  in  the  solution  through  which  air  had  been  passing  in 
very  large  quantities.  In  neither  case  did  the  yeast  cells  show  the 
slightest  signs  of  budding  or  enlargement. 

This  last  experiment  also  seems  to  indicate  that  yeast  cells 
submitted  to  the  action  of  oxygen,  so  far  from  their  fermentative 
power  being  diminished,  have  it  slightly  increased.  There  is  a 
slight  objection,  however,  to  both  the  foregoing  experiments,  for, 
whilst  the  yeast  cells  have  been  kept  in  continual  motion  in  the 
aerated  liquids  by  the  bubbling  of  the  air  through  them,  the 
cells  in  the  other  flasks  have  been  in  a  comparatively  quiescent 
state,  and  it  is  thus  possible  that  the  more  rapid  change  of  liquid 
surrounding  each  cell  in  the  aerated  experiment,  may  encourage  a 
more  rapid  decomposition  of  the  dissolved  sugar  by  the  fermenting 
organisms,  and  that  this  additional  aid  to  fermentation  may  mask  the 
effect  of  oxygen  on  the  cell.  In  order  to  avoid  this  possible  compli- 
cation, two  more  experiments  were  made,  in  one  of  which  a  solution 
of  dextrose  in  yeast- water  was  fermented  in  a  current  of  air  in 
exactly  the  same  way  as  the  preceding  experiment,  whilst  in  the 
second  case  the  fermentation  was  carried  on  in  a  similarly  arranged 
tube,  through  which  a  current  of  carbon  dioxide  was  passed  at  about 
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the  same  rate  as  the  current  of  air  in  the  other  experiment.  The 
same  number  of  yeast  cells  were  added  to  botli  solutions  (90  per 
__!__  c.mm.),  and  the  fermentations  carried  on  side  by  side  at  the 
same  temperature  (23°)  for  3j  hours.  After  stopping  the  fermenta- 
tions and  estimating  the  dextrose  left  undecomposed,  it  was  found 
that  in  the  50  c.c.  of  solution  through  which  the  air  had  passed, 
4'28  grams  of  dextrose  had  been  fermented,  whilst  in  the  presence  of 
carbon  dioxide  only  3'99  grams  had  disappeared.  The  yeast  cells 
themselves  showed  no  signs  of  multiplication  in  either  case. 

In  these  experiments,  therefore,  we  again  find  that  the  cells  freely 
exposed  to  the  action  of  oxygen  have  decomposed  most  sugar, 
although  in  both  cases  the  agitation  of  the  liquids  was  similar. 

In  order  to  ascertain  if  the  current  of  carbon  dioxide  had  itself 
acted  as  a  deterrent  agent  on  the  activity  of  the  yeast  cells  fermenting 
in  its  presence,  two  more  experiments  were  made  similar  to  the  last, 
excepting  that  a  current  of  hydrogen  was  passed  through  the  second 
solution,  instead  of  carbon  dioxide.  At  the  termination  of  these 
experiments,  it  was  found  that  the  yeast  cells  in  presence  of  air  had 
decomposed  2*45  grams  of  dextrose,  and  those  in  presence  of  hydrogen 
had  only  decomposed  2-26  grams,  whilst  the  yeast  cells  in  neither  case 
had  increased  in  number  or  size. 

In  this  case  again,  we  find  the  continued  life  of  non-multiplying 
yeast  cells,  doing  most  work  in  the  presence  of  oxygen. 

It  will  be  noticed  in  all  the  experiments  described  before,  that, 
owing  to  the  large  number  of  yeast  cells  of  necessity  used  to  carry 
on  the  fermentations,  this  action  proceeded  with  great  rapidity  and 
allowed  the  experiments  to  be  continued  through  only  a  short  space 
of  time.  This  is  evidently  a  disadvantage  in  studying  such  a 
phenomenon  as  the  action  of  oxygen  on  yeast  cells  when  fermenting 
sugar,  and  it  may,  perhaps,  limit  the  maximum  effect  that  oxygen 
can  have.  In  order  to  prolong  the  action  of  oxygen  as  much  as 
possible,  advantage  was  taken  of  the  power  which  low  temperature 
has,  of  causing  fermentation  with  yeast  to  proceed  slowly. 

To  a  10  per  cent,  solution  of  dextrose  in  yeast-water,  yeast  cells 
were  added  to  the  number  of  71  per  ^^^^o  of  a  c.mm.  Portions 
of  this  solution  were  placed  in  two  flasks  immersed  in  a  Avater-bath 
kept  at  a  constant  temperature  of  7°,  and  through  one  solution 
a  current  of  hydrogen  was  passed,  and  through  the  other  a  current 
of  air  at  the  rate  of  about  8  litres  per  hour.  The  fermentations  pro- 
ceeded slowly  at  this  low  temperature.  After  24  hours,  during  which 
time  about  190  litres  of  air  had  passed  through  the  aerated  flask, 
both  fermentations  were  stopped.  The  yeast  cells  in  neither  case 
showed  signs  of  budding,  or  increasing  in  size.  The  amount  of 
sugar  fermented  in  the  hydrogen  flask  was  found  to  be  4*882  grams 
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per  100  c.c.  of  the  solution,  whilst  in  the  air  flask,  5'289  grams  per 
100  c.c.  had  been  fermented.  Now  decomposition  of  these  amounts 
of  sugar  in  24  hours  cannot  be  considered  very  rapid  fermentation, 
and  the  air  passed  through  the  aerated  solution  has  been  very  large 
indeed ;  yet  we  see  in  these  experiments,  like  the  preceding  ones,  that 
the  cells  exposed  to  the  influence  of  oxygen  have  fermented  a  little 
more  sugar  than  those  not  so  treated. 

It  is  well  known  that  M.  Pasteur  explains  the  phenomenon  of 
alcoholic  fermentation  as  an  action  brought  about  by  living  yeast 
cells  existing  without  oxygen,  in  consequence  of  which  they  abstract 
the  oxygen  they  require  from  the  sugar  (molecule  ?),  and  so  cause  it 
to  split  up  into  alcohol  and  carbon  dioxide. 

In  discussing  this  question  (^Etudes  sur  la  Biere,  p.  252),  Pasteur 
states  that  if  yeast  is  supplied  with  sufiicient  free  oxygen  for  all  the 
necessities  of  its  life,  it  lives  after  the  manner  of  a  mould,  and 
ceases  to  be  a  ferment ;  therefore  the  ratio  between  the  weight  of  the 
plant  and  the  sugar  used  as  food  by  the  plant  is  similar  to  that  of 
ordinary  fungi.  On  the  contrary,  if  yeast  is  entirely  deprived  of 
oxygen,  its  fermentative  power  is  at  its  highest  point,  and  the  great- 
est disproportion  is  found  between  the  weight  of  the  yeast  and  the 
sugar  decomposed.  Pasteur  further  adds,  that  if  oxygen  is  present  iyi 
varying  quantities,  the  fermentative  power  of  the  yeast  would  pass 
through  all  the  degrees  comprehended  between  the  two  extreme  limits 
m,entioned  before. 

In  the  experiments  I  have  described,  in  which  yeast  cells  whilst 
fermenting  have  been  submitted  to  the  action  of  oxygen,  probably  in 
no  case  can  we  expect  that  the  cells  could  take  all  the  oxygen  they 
required  from  the  air  with  which  they  were  supplied,  but  they  would, 
especially  in  the  latter  experiments,  be  able  to  take  a  very  large 
quantity ;  consequently,  from  Pasteur's  statement  last  quoted,  we 
should  expect  distinct  evidence  of  the  yeast  cells  having  had  their 
fermentative  power  arrested  considerably.  But  there  are  no  signs  of 
such  action  ;  on  the  contrary,  their  power  is  greater. 

As  the  results  of  Pasteur's  experiments  were  obtained  by  weighing 
the  yeast  that  caused  a  given  fermentation,  and  not  by  counting  the 
cells,  I  repeated  two  experiments  in  the  same  manner  as  those  last 
quoted,  and  also  estimated  the  weight  of  the  yeast  both  before  and 
after  fermentation,  in  order  to  bring  my  method  of  experiment  into 
greater  harmony  with  that  of  M.  Pasteur. 

In  estimating  the  yeast  by  weight,  a  measured  volume  of  the  liquid 
containing  it  was  filtered,  and  in  each  case  care  was  taken  to  wash 
the  collected  yeast  with  the  same  bulk  of  chloroform-water.  It  is 
advisable  to  do  this  in  order  to  get  comparative  results,  because 
yeast  cells  yield  some  of  their  solid  contents  to  the  wash  water. 
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A  10  per  cent,  solntion  of  dextrose  in  yeast-water  was  prepared,  to 
whicli  was  added  yeast,  so  that  4^00  c.imn.  contained  87'6  cells. 
100  c.c.  of  this  solution  gave  on  filtering  1*903  grams  of  dry  yeast. 
The  fermentations  were  carried  on  in  currents  of  air  and  hydrogen, 
as  in  the  preceding  experiment,  for  23  hours,  at  a  temperature 
of  9°. 

On  stopping  the  fermentations,  it  was  found  that  6*20  grams  of 
dextrose  per  100  c.c.  had  been  fermented  in  the  hydrogen  flask, 
whilst  7'38  grams  had  been  fermented  in  the  air  flask.  No  increase 
in  the  number  of  cells  had  taken  place.  The  weight  of  dry  yeast  per 
100  c.c.  from  the  hydrogen  flask  was  2*130  grams,  and  that  from  the 
air  flask  2*060  grams.  It  will  be  noticed  that  in  both  cases  the  yeast 
is  slightly  heavier  after  fermentation,  although  the  number  of  cells 
remains  the  same  (possibly  this  is  due  to  assimilation  during  fer- 
mentation) ;  but  the  main  point  to  consider  is  that,  at  the  finish  of 
the  fermentations  both  in  air  and  hydrogen,  we  have  almost  exactly 
the  same  weight  of  yeast  as  well  as  the  same  number  of  cells.  Hence, 
apparently,  whether  yeast  is  estimated  by  counting  the  cells,  or 
weighing  them,  equal  amounts  of  yeast,  under  the  conditions  of  the 
foregoing  experiments,  ferment  rather  more  sugar  in  the  presence  of 
air  than  when  deprived  of  it. 

In  the  experiments  I  have  described,  the  results  have  been  arrived 
at  by  comparing  fermentations  carried  on  side  by  side,  with,  and 
without  air,  such  fermentations  being  allowed  to  proceed  for  an  equal 
length  of  time.  In  Schiitzenberger's  work  on  fermentation  (Inter- 
national Series),  the  author  criticised  Pasteur's  conclusions  with 
regard  to  the  role  oxygen  played  in  alcoholic  fermentation,  and  drew 
an  opposite  conclusion  from  Pasteur's  experiments  to  that  of  their 
author.  In  M.  Pasteur's  answer  to  Schiitzenberger  (Etudes  sur  la 
Bierej  p.'245,  et  seq.),  in  reiterating  his  own  views  and  combating  those  of 
Schiitzenberger,  he  states  that  "  the  power  of  a  ferment  is  independ- 
ent of  the  time  during  which  it  performs  its  functions."  If  we  take 
this  statement  as  correct  for  all  experiments  on  fermentation,  it  might, 
perhaps,  modify  the  conclusions  drawn  from  the  experiments  I  have 
described,  inasmuch  as  they  were  comparative  experiments,  depending 
on  equal  time  as  a  chief  factor.  Although  Pasteur's  argument  is  diffi- 
cult to  follow  in  its  entirety,  I  think  there  is  little  doubt  that  in 
viewing  fermentative  power  as  he  does,  he  looks  on  it  as  the  total 
power  exercised  by  a  growth  of  yeast  throughout  its  life  history  in 
some  fermentable  and  nourishing  liquid,  in  fact,  as  a  sort  of  increasing 
many-celled  organism,  using  sugar  in  varying  ways,  according  to  its 
age  or  surroundings  (like  a  growth  of  Mucor  mucedo).  Throughout 
my  experiments,  I  have  considered  fermentation  as  a  product  of  the 
*'  continued  life  "  of  a  non-increasing  individual  cell ;  hence  I  think, 
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however  Pasteur's  statements  with  regard  to  time  and  fermentation 
may  be  applicable  to  his  own  method  of  experiment  in  which  he  con- 
sidered yeast  growth  en  masse  in  relation  to  the  fermentation  it  accom- 
plished, it  is  not  applicable  to  mine.  My  method  of  experiment  is,  in 
fact,  analogous  to  that  of  M.  Pasteur  when  conducting  his  investiga- 
tion into  the  effect  of  surrounding  fruit  with  atmospheres  of  carbon 
dioxide  and  air ;  in  this  case  he  worked  with  the  "  continued  life  "  of 
non-multiplying  cells  for  an  equal  length  of  time  (Etudes,  pp.  260 — 
261),  and  from  the  results  draws  the  general  conclusion  that  "  in  short, 
fermentation  is  a  very  general  phenomenon.  It  is  life  without  air, 
or  life  without  oxygen." 

Although  the  experiments  I  have  described  in  this  paper  were 
originally  commenced  with  the  idea  of  following  out  and  studying 
the  action  of  oxygen  upon  fermenting  yeast  cells  according  to  Pasteur's 
theory  of  fermentation,  I  find  myself  unable  to  bring  the  results  into 
harmony  with  this  theory,  and  not  only  is  this  the  case  with  the 
experiments  just  described,  but  it  is  so  with  some  experiments  under- 
taken to  investigate  the  fermentative  power  of  yeast  cells  of  different 
ages.     One  of  these  experiments  I  will  describe. 

Six  flasks  were  taken,  similar  in  size  and  shape,  each  containing 
150  c.c.  of  an  18  per  cent,  solution  of  dextrose  in  yeast  water.  To 
the  liquid  in  each  flask  an  equal  amount  of  yeast  was  added,  so  that 
4oVo^  c.mm.  of  each  solution  contained  0*65  cell.  All  the  fermenta- 
tions were  started  at  the  same  time,  and  kept  at  a  constant  tempera- 
ture of  22°. 

There  were  thus  six  separate  solutions  similar  in  every  respect ;  so 
at  any  given  time  the  fermentation  and  yeast  growth  would  be  alike 
in  all.  Working  in  this  way,  it  is  possible,  by  taking  one  flask  at  any 
given  time,  to  determine  the  state  of  fermentation  and  yeast  growth 
in  the  remaining  flasks  without  disturbing  them  in  any  way,  and  so 
introducing  such  complicating  factors  as  the  effects  of  agitation,  &c., 
into  the  calculations. 

It  must  be  borne  in  mind  that,  in  the  present  experiments,  unlike 
the  previous  ones,  yeast  is  only  used  in  small  quantities,  and  not  in 
excess ;  consequently  increase  in  number  of  the  yeast  cells  by  budding 
takes  place. 

After  the  fermentations  in  all  six  flasks  had  proceeded  for  12  hours, 
one  flask  was  taken  and  fermentation  and  yeast  growth  rapidly 
stopped  by  the  addition  of  salicylic  acid.  The  number  of  cells  present 
was  then  counted,  and  the  alcohol  formed  by  fermentation  estimated. 
At  intervals  of  12  or  24  hours  these  operations  were  repeated  on  each 
of  the  remaining  flasks,  so  that  a  series  of  figures  were  found  expres- 
sing the  amounts  of  alcohol  and  the  number  of  yeast  cells  present  in 
a  fermentation  at  intervals  of  12  or  24  hours. 
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The  following  table  gives  these  figures,  and   also  others  deduced 
from  them,  in  the  manner  described  at  the  beads  of  the  columns  : — 
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January    9,  11  p.m.  . 

0-65 

— 

— 

— 

— 

— 

10,  11  A.M.  . 

4-87 

2-76 

0-654 

0  -654 

0-237 

12 

10,  ]lP.M.  . 

12-03 

8-45 

1-933 

1-279 

0  151 

12 

11,  11  A.M.   . 

15-38 

13-70 

2-975 

1-042 

0-076 

12 

12,  11  A.M.   . 

15-88 

15-63 

4-237 

1-262 

0-080 

24 

13,  11  A.M.  . 

15-80 

15-80 

6-187 

1  -950 

0-123 

24 

Column  B  in  the  above  table  gives  the  mean  number  of  yeast  cells 
present  during  each  interval  of  time  between  the  experimental  deter- 
minations of  the  alcohol  and  yeast.  It  will  be  noticed  in  column  A, 
how  rapidly  the  number  of  cells  has  increased  during  the  first  3G 
hours  of  fermentation;  so  in  order  to  compare  the  number  of  cells 
with  the  alcohol  they  have  formed  during  each  interval  of  time 
between  the  experiments,  it  is  necessary  to  take  the  Tnean  number  of 
cells  present  during  such  time.  This  I  have  done  by  dividing  the 
sum  of  the  cells  at  the  beginning  and  end  of  each  interval  by  2.  The 
result  is  not  quite  the  correct  mean  number,  because  yeast  multiplica- 
tion does  not  proceed  at  an  even  rate,  but  is  most  rapid  at  first,  and 
falls  away  gradually.  The  error  in  the  mean  number  used,  however, 
is  too  small  to  appreciably  affect  the  results  expressed  in  column  E. 
In  this  column  is  expressed  the  proportion  of  the  mean  number  of 
cells  present  during  a  given  time  to  the  alcohol  formed  during  the 
same  time,  and  is  arrived  at  by  dividing  the  weights  of  alcohol  in 
column  D  by  the  mean  number  of  cells  found  in  column  B.  It  will 
of  course  be  borne  in  mind  that  the  numbers  of  cells  given,  refer  io 
the  numbers  found  in  ^oVo  c.mm.,  and  the  weight  of  alcohol,  to  the 
amount  found  in  100  c.c.  of  the  fermenting  liquid,  so  that  the  figures 
in  column  E  are  only  comparable  with  each  other.  From  these 
figures  the  actual  amount  of  alcohol  formed  by  a  single  cell  can  be 
determined,  but  it  is  more  convenient  to  take  the  numbers  given,  as 
the  others  would  be  exceedingly  small. 


380  BROWN:   INFLUENCE  OF  OXYGEN 

After  consideration  of  tlie  numbers  given  in  column  E,  it  is  very- 
evident  that  tlie  cells  during:  the  early  stage  of  the  fermentation,  when 
they  were  multiplying  most  rapidly,  were  at  the  same  time  fermenting 
sugar  most  rapidly. 

Several  other  experiments,  made  with  different  yeasts  and  different 
fermentable  solutions,  confirm  this  conclusion.* 

It  has  generally  been  supposed  that  fermentation  is  comparatively 
slow  during  the  early  and  multiplying  stage  of  yeast  cell  life, 
and  that  the  cause  of  this  is,  that  the  oxygen  usually  present  in  a 
liquid  at  the  commencement  of  fermentation,  whilst  aiding  the  repro- 
duction of  the  cells  at  the  same  time  limits  their  fermentable  power, 
according  to  Pasteur's  theory.     But  my  experiments  contradict  this 


The   Rapidity  with  luhich   Different  Strengths  of  Sugar  Solutions  are 
Fermented  hy  Yeast. 

The  following  experiments  were  made  to  ascertain  the  rapidity,  or 
rate,  at  which  sugar  in  solutions  of  different  strengths  was  fermented 
by  equal  numbers  of  non -multiplying  yeast  cells. 

Five  small  flasks  were  taken,  each  containing  50  c.c.  of  a  solution 
of  dextrose  in  yeast-water.  The  amount  of  sugar  in  each  flask  varied 
in  the  following  manner  : — 

Flask  'No.      I.  50  c.c.  of  a    5  per  cent,  solution  of  dextrose. 

}}  J--^'  JJ  -^^  5?  5)  )J 

j»  ill.  ,,  lO  JJ  ,j  ,, 

IV.  „  20        „ 

V  80 

To  each  flask  was  added  the  same  number  of  yeast  cells,  namely, 
90  per  4oVo^  c.mm.  The  conditions  under  which  the  fermentations 
were  carried  on  were  kept  the  same  in  every  particular.  The  tempe- 
rature was  20°,  and  the  time  of  fermentation  3-J  hours.  No  multipli- 
cation of  the  yeast  cells  took  place.  The  fermentations  were  stopped 
as  usual,  and  the  residual  sugar  estimated  by  the  polariscope.  The 
amount  of  sugar  that  had  been  fermented  in  each  flask  was  then 
calculated.  The  results,  expressed  as  grams  of  sugar  per  100  c.c, 
are  given  below  : — 

No.  I  (containing  a  5  per  cent,  solution  of  dextrose),  4'214  grams 
dextrose  fermented. 

*  In  a  paper  published  in  the  Transactions  of  the  Laboratory  Club  (now  the 
Institute  of  Brewing)  on  the  numerical  increase  of  yeast  cells,  I  refer  to  some  of 
these  experiments  more  fully  (Vol.  3,  1890). 
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No.     II  (containing  a  10  per  cent,  solution  of  dextrose),  5'347  grams 

dextrose  fermented. 
No.  Ill  (containing  a  15  per  cent,  solution  of  dextrose),  5*695  grama 

dextrose  fermented. 
No.  IV  (containing  a  20  per  cent,  solution  of  dextrose),  5-911  grama 

dextrose  fermented. 
No.     V  (containing  a  30  per  cent,  solution  of  dextrose),  3*264  grams 

dextrose  fermented. 

From  the  above  experiments,  and  others  I  have  made,  it  appears 
that  an  equal  number  of  non- multiplying  yeast  cells,  in  an  equal  time, 
ferments  (approximately)  the  same  weight  of  sugar  in  solutions 
varying  in  strength  from  5  to  20  per  cent.  When  the  strength  of  the 
sugar  solution  reaches  30  per  cent.,  there  is  a  marked  falling  off  in 
the  rate  at  which  the  sugar  is  decomposed.  There  is  also  a  falling 
ofp,  evident  at  tbe  5  per  cent,  strength,  but  not  to  such  a  marked 
extent.  It  should  be  borne  in  mind  also,  when  considering  this  last 
case,  that  (according  to  the  conditions  of  my  experiment),  during  the 
latter  part  of  the  fermentation,  the  yeast  cells  would  have  much  less 
than  5  per  cent,  of  sugar  to  act  upon  ;  indeed,  at  the  termination  of 
the  experiment  there  was  only  about  0"8  per  cent,  of  sugar  left 
undecomposed. 

In  a  paper  on  alcoholic  fermentation,  by  Dumas  {Ann.  Chim.Phys., 
1874,  3,  81),  some  experiments  are  described,  from  the  results  of 
which  the  author  concludes  that  the  duration  of  fermentation  is  pro- 
portional to  the  quantity  of  sugar  present.  This  involves  the  conclu- 
sion I  have  drawn  from  my  experiments  with  5  to  20  per  cent, 
solutions  of  sugar.  Dumas  experimented  with  solutions  containing 
less  than  4  per  cent,  of  sugar,  so  the  lessened  rate  of  fermentation 
of  strong  sugar  solutions  has  not  been  noticed.  It  is  interesting  to 
note  that,  in  all  the  experiments  described  in  his  paper,  Dumas 
worked  with  such  a  large  excess  of  yeast  that  multiplication  of  the 
cells  during  fermentation  can  hardly  have  taken  place.  Although  he 
has  not  recognised  this  fact,  the  results  he  got  enabled  him  to  con- 
clude "  that  fermentation  of  sugar  by  yeast  can  be  studied  like  any 
regular  phenomenon  which,  when  subject  to  determinate  disturbing 
forces,  would  be  able  to  show  their  influence  with  precision."  This 
conclusion  of  Dumas  is  in  the  main  upheld  by  my  experiments  with 
non-multiplying  yeast  cells. 

The  similarity  in  the  rate  with  which  yeast  cells  ferment  the  same 
weight  of  sugar  from  solutions  containing  such  widely  different 
amounts  as  20  and  5  per  cent,  shows  that,  if  diffusion  is  one  im- 
portant factor  in  fermentation,  it  cannot  be  the  controlling  one,  in 
these  cases  at  least,  otherwise  the  rates  of  fermentation  would  be 
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very  variable.  Bourquelot,  in  his  experiments  on  the  varyirg  rates 
of  fermentation  of  different  sugars  (An7i.  Chim.  Phys.,  9,  245),  shows 
that  diffusion  plays  an  important  part  in  the  rate  of  fermentation, 
hut  his  experiments  were  made  with  very  dilute  solutions  of  sugar, 
and  it  is  possible  the  action  of  diffusion  might  be  manifest  under 
these  conditions,  and  yet  be  quite  hidden  by  the  more  rapid  and  vigor- 
ous fermentations  in  my  exj)eriments  ;  that  is  to  say,  if  the  power  of 
fermentation  is  exercised  within  the  cell  wall,  it  is  possible  that  the 
rate  of  diffusion  of  sugar  in  the  weakest  solution  I  have  used,  may 
be  as  great  as,  or  greater  than,  the  maximum  power  of  fermentation 
which  the  cell  is  able  to  effect.  However,  since  the  publication  of 
the  recent  work  by  Gayon  and  Dubourg  (Gompt.  rend.,  110,  16),  who 
show  that  some  species  of  yeast  ferment  different  sugars  in  entirely 
different  ratios  to  their  diffusibility,  Bourquelot's  work  has  lost  some 
of  its  former  importance.  An  interesting  point  in  connection  with 
the  even  rapidity  of  fermentation  of  sugar  in  solutions  of  widely 
different  strengths  is,  that  it  is  entirely  at  variance  with  the  ordinary 
laws  regulating  chemical  change  (Vernon  Harcourt,  /.  Ghent.  Soc.^ 
20,  460).  According  to  O'SuUivan  and  Tompson  (Trans.,  1890,  57, 
865),  invertase,  in  acting  upon  solutions  of  cane  sugar,  is  governed 
by  those  laws  w^hich  regulate  simple  inorganic  reactions,  and  there- 
fore they  conclude  that  vital  processes  do  not  enter  in  any  way  into 
the  action  of  this  enzyme.  If  this  conclusion  is  generally  applicable, 
it  certainly  throws  a  difficulty  in  the  way  of  those  who  think  that 
fermentation  itself  may  be  caused  by  an  enzyme,  for,  as  w^e  have 
seen,  fermentation  does  not  appear  to  conform  to  the  same  laws  as 
invertase. 

In  connection  with  this  question,  an  attempt  was  made  to  trace 
the  action  of  a  constant  number  of  yeast  cells  on  a  solution  of  sugar, 
and  to  ascertain  at  certain  intervals  of  time  the  rapidity  with  which 
fermentation  was  proceeding  in  the  same  solution ;  in  fact,  to  treat 
the  yeast  cells  as  though  they  were  an  unaltering  chemical  reagent 
like  invertase,  with  whicli  O'Sullivan  and  Tompson  experimented  in 
a  similar  manner  when  they  prepared  the  curve  showing  its  "  time 
action  "  on  cane  sugar. 

It  was  recognised,  before  making  the  experiments,  that  yeast  could 
not  be  expected  to  act  the  part  of  an  unaltering  chemical  reagent  in 
a  very  exact  manner,  as  the  vitality  of  its  non-multiplying  cells  must 
become  exhausted  at  some  time,  to  say  nothing  of  the  effects  that 
alcohol  and  other  products  of  fermentation  may  have  on  them ;  it, 
however,  appeared  interesting  to  see  how  closely  the  rate  of  fermen- 
tation under  these  circumstances  w^ould  agree  with  my  previous  ex- 
periments in  which  such  disturbing  factors  could  not  influence  the 
results  to  any  very  large  extent. 
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A  solution  of  dextrose  in  yeast-water  was  prepared,  containing- 
12-32  grams  per  100  c.c. ;  to  400  c.c.  of  this  solution,  yeast  cells  were 
added  at  the  rate  of  90  per  ^oVo  c.mm.  The  fermentation  of  the 
solution  was  conducted  at  a  constant  temperature  of  23°,  and  at  in- 
tervals of  an  hour,  portions  of  the  liquid  were  removed  in  order  to 
determine  the  amount  of  sugar  fermented.  Throughout  the  experi- 
ment, the  yeast  cells  showed  no  signs  of  budding. 

In  the  following  table,  the  second  column  sliows  the  amonnt  of 
sugar  per  100  c.c.  present  in  the  solution  at  each  interval  of  time  ; 
the  third  column  shows  the  grams  of  sugar  per  100  c.c.  that  were 
fermented  during  each  interval  of  time ;  and  the  fourth  column 
shows  the  percentage  of  the  sugar  fermented  during  each  in- 
terval : — 


Per  cent,  of  dextrose 

Dextrose  in 

Dextrose  fermented 

fermented  in 

Time. 

100  c.c. 

in  each  interval. 

each  interval. 

11.0  A.M. 

12-320 

— 

— 

12.0  noon 

10-157 

2163 

17-6 

1.0  P.M. 

8-191 

1-966 

33-5 

2.0     „ 

6-160 

2-031 

49-9 

3.0     „ 

5-653 

1-507 

621 

40     „ 

3-211 

1-442 

73-8 

5.0     „ 

1-703 

1-508 

86-1 

6.0     „ 

0-852 

0-851 

93-0 

This  experiment  confirms  the  conclusions  drawn  from  my  previous 
experiments,  that  sugar,  in  solutions  varying  from  20  to  5  per  cent, 
in  strength,  is  fermented  with  about  the  same  rapidity,  for  we 
notice  in  column  3  that  in  the  first  three  intervals  of  time  almost 
exactly  equal  amounts  of  sugar  have  been  fermented,  whilst  the  fer- 
menting solution  itself  has  varied  in  strength  from  12  to  6  per  cent, 
of  sugar.  After  the  third  interval  of  time,  thei'e  is  a  falling  off  in 
rapidity  of  fermentation  to  the  extent  of  about  25  per  cent.,  at  which 
rate  it  keeps  fairly  constant  until  the  sugar  solution  is  reduced  to 
the  small  strength  of  1*7  per  cent,  of  sugar. 

It  appears  remarkable  that  the  fermentative  power  of  the  yeast 
cells  should  have  kept  to  such  an  even  rate  of  work  in  this  experi- 
ment, when  not  only  the  sugar  on  which  it  was  acting  varied  so  much 
in  quantity,  but  also  when  other  gradually-increasing  factors  were 
being  introduced,  such  as  the  products  of  fermentation,  and  the 
ageing  of  the  non-multiplying  yeast  cells.  Under  the  conditions  of 
my  experiment,  these  factors  evidently  cannot  exert  a  very  powerful 
influence  on  the  fermentative  power  of  yeast  cells. 

I  give  time  curves  calculated  from  this  and  another  experiment 
conducted  in  a  similar  manner,  which  show  how  nearly  the  rapidity 
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of  fermentation  of  sugar  solutions  of  varying  strengths,  wlien  repre- 
sented in  this  way,  approach  a  straight  line.  For  purpose  of  com- 
parison, I  have  also  added  a  curve  calculated  to  represent  what  the 
action  would  be  if  yeast  cells  fermented  sugar  according  to  the 
ordinary  laws  of  chemical  reaction.  It  will  be  seen  at  once  how 
entirely  different  the  two  systems  of  curves  are. 
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IN"os.  1  and  2.  Time  curves  of  fermentations.  No.  1  represents  the  fermentation 
of  a  16  per  cent,  solution  of  dextrose,  and  No.  2  a  12  per  cent,  solution  of  the 
same. 

1^0.  3.  Calculated  curve  representing  decomposition  of  dextrose  according  to  laws 
regulating  chemical  change. 


With  reference  to  the  very  distinct  falling  off  in  rapidity  of  fer- 
mentation when  the  strength  of  a  sugar  solution  reaches  80  per  cent., 
as  such  a  solution  has  a  high  sp.  gr.  of  1115,  it  seemed  interesting 
to  attempt  to  find  out  if  it  was  only  the  high  specific  gravity  of  the 
sugar  solution  which  checked  fermentation.  The  following  experi- 
ments were  made  with  this  view  in  mind : — 

No.  I.  A   15  per  cent,   solution  of    dextrose   in   yeast- water  was 
prepared. 
II.  A  solution  containing  15  per  cent,  of  dextrose  and  15  per 

cent,  of  milk  sugar. 
III.  A  30  per  cent,  solution  of  dextrose. 
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No.  I  solation  had  a  sp.  gr.  of  about  1058,  and  Nos.  11  and  III  a 
sp.  gr.  of  about  1115 ;  but  whilst  in  No.  Ill  the  whole  of  the  sp.  gr. 
was  due  to  dextrose,  in  No.  II  half  was  due  to  dextrose  and  half  to 
the  unfermentable  milk  sugar. 

100  c.c.  of  each  of  these  solutions  were  fermented  with  non-increas- 
ing yeasfc  cells  in  the  usual  way,  at  a  temperature  of  72°  F.,  for  3i 
hours.  At  the  termination  of  the  experiments,  the  dextrose  fer- 
mented in  each  flask  was  determined. 

Solutions,  Dextrose  fermented  in  3^  hours. 

No.      I  (15  p.  c.  dextrose) 7'66  grams 

No.    II  (15  p.  c.  dextrose  and  15  p.  c. 

milk  sugar) 6'42       „ 

No.  Ill  (30  p.  c.  dextrose) 4-46      „ 

From  these  results  it  appears,  that  although  in  No.  II  the  fermen- 
tation has  been  slightly  checked  by  the  addition  of  milk  sugar  to 
raise  the  sp.  gr.  of  the  solution,  yet  the  falling  off  in  rapidity  of  fer- 
mentation is  not  nearly  so  great  as  when  the  whole  of  the  high  sp. 
gr.  is  due  to  dextrose,  as  in  No.  Ill  experiment.  It  appears  probable, 
therefore,  that  the  sp.  gr.  of  30  per  cent,  solutions  of  sugar  is  not  the 
main  cause  why  fermentation  proceeds  more  slowly  than  with  solu- 
tions of  lower  gravity.  The  results  of  the  foregoing  experiments 
have  also  been  confirmed  by  experiments  with  malt  worts  of  high  sp. 
gr.,  in  which  the  whole  weight  is  not  due  to  fermentable  sugars. 


XXXII.— COMMUNICATIONS  FROM  THE  RESEARCH 
LABORATORY  OF  THE  PHARMACEUTICAL  SOCIETY 
OF    GREAT    BRITAIN. 

Contrihutions   to   our  Knowledge  of  the  Aconite  Alkaloids.      Part  II. 
The  Alkaloids  of  true  Aconitum  napellus. 

By  Wyndham  R.  Dunstan  and  John  C.  Umney. 

The  very  discrepant  observations  of  various  workers  as  to  the  num- 
ber, nature,  and  properties  of  the  alkaloids  contained  in  the  different 
species  of  aconite  have  been  attributed  to  several  sources  of  error  : — 

i.  To  the  confusion  of  different  species.  It  is  alleged  that  it  is 
by  no  means  easy  to  distinguish  between  the  roots  of  the  different 
^species  and  varieties,  and  it  is,  therefore,  highly  probable  that 
mixtures  of  roots  have  been   examined.     There   is   good   reason  to 

2  E  2 


o86  DUNSTAN   AND   UMNEY  :   THE   ALKALOIDS 

believe  that  each  species  and  possibly  some  varieties  contain  distinct 
alkaloids. 

ii.  The  principal  aconite  alkaloids  are  remarkable  for  the  ease 
with  which  they  undergo  decomposition,  especially  hydrolysis. 
Many  of  the  processes  hitherto  used  in  extracting  the  alkaloids  from 
the  plant,  as  well  as  those  adopted  in  "  purifying"  the  products,  must 
have  led  to  decomposition  of  the  natural  alkaloids,  and  it  is,  there- 
fore, probable  that  some  of  the  alkaloids  examined  and  described  as- 
constituents  of  the  plant  were  in  reality  their  decomposition  products. 
The  researches  of  Wright  and  his  fellow  workers  afforded  much 
valuable  information  on  this  point,  and  led  them  to  the  conclusion  that 
"  A.  napellus  roots  contain  as  chief  active  constituent  a  crystallisable 
base  aconitine,  C33H43NO12,  together  with  less  active  amorphous  bases 
probably  formed  therefrom  during  extraction."  "  On  examination  of 
the  non-crystalline  bases,  they  uniformly  furnish  numbers  quite  com- 
patible with  the  notion  that  they  are  formed  from  the  crystallisable 
bases  (of  A.  7iapellus  and  A.ferox)  by  saponification,  dehydration,  pol}"- 
merisation,  &c,,  changes  to  which  alkaloids  as  a  class  appear  to  "be 
peculiarly  prone'*  ("The  Alkaloids  of  the  Aconites."  Part  III. 
Trans.,  1878). 

iii.  A  third  soarce  of  error  resides  in  the  circumstance  that  the- 
determinations  of  the  composition  and  properties  of  the  alkaloids  have 
been  proceeded  with  before  conclusive  evidence  of  the  purity  of  the 
material  was  obtained.  The  result  is  that  mixtures  have  been 
examined  and  described  as  single  alkaloids.  This  source  of  error  is,. 
perhaps,  the  most  difficult  to  guard  against,  and  much  of  the  tedious- 
ness  of  this  investigation  has  arisen  from  the  length  of  time  which  it 
has  been  necessary  to  spend  in  discovering  and  carrying  out,  with 
very  small  quantities  of  material,  processes  of  purification  suitable 
to  the  exceptional  character  of  these  alkaloids. 

In  the  present  enquiry,  every  precaution  has  been  taken  to  avoid 
the  three  important  sources  of  error  refered  to  above. 

In  a  paper  communicated  to  the  Society  last  year  by  one  of  us  in  con- 
junction with  Dr.  W.  H.  Ince  (Trans.,  1891,  59),  the  principal  proper- 
ties of  a  crystalline  alkaloid  derived  from  carefully  selected  commercial 
roots  of  Aconitum  napelhis  were  fully  described.  The  alkaloid  had  been 
extracted  from  the  roots  by  means  of  a  process  which  avoided  all 
risk  of  decomposing  the  natural  constituents.  Special  pains  were 
taken  to  completely  purify  the  base,  and  satisfactory  evidence 
was  furnished  as  to  its  homogeneity.  This  alkaloid  was  evidently  the 
same  substance  as  that  first  obtained  by  Wright  from  commercial 
roots  of  A.  napellus,  but  in  a  purer  condition.  Two  of  the  sources 
of  error  alluded  to  above  as  vitiating  most  of  the  previous  work 
on  the  subject  were  thus  removed.    A  third,  however,  still  remained 
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to  be  dealt  with.  This  alkaloid  had  been  obtained  from  carefully 
selected  commercial  roots  stated  to  be  those  of  A.  napellus,  but  it 
has  been  asserted  by  those  botanists  who  have  paid  particular  at- 
tention to  this  subject,  notably  by  Mr.  E.  M.  Holmes,  that  it  is  most 
difficult,  if  not  impossible,  to  judge  from  the  appearance  of  the  roots 
alone  whether  they  belong  to  the  true  A.  napellus.  It  is  necessary, 
for  the  purposes  of  identification,  that  the  flowers  and  leaves 
should  also  be  examined.  On  account  of  this  doubt  as  to  the  au- 
thenticity of  the  roots  from  which  this  specimen  of  alkaloid  had 
been  obtained,  we  considered  it  desirable  to  ascertain  whether  this 
same  alkaloid  is  present  in  the  genuine  A.  napellus.  We  also  wished 
to  settle  the  question  as  to  whether  other  alkaloids  accompany  it 
in  the  plant,  for  on  this  point  there  is  at  present  no  trustworthy 
information. 

Fortunately  we  have  had  no  difficulty  in  securing  a  small  supply  of 
the  roots  of  the  true  A.  napellus.  The  plants  were  selected  and  gro^vn 
at  Sevenoaks  by  Mr.  E.  M.  Holmes  at  the  instance  of  the  British 
Pharmaceutical  Conference.  Their  botanical  characters  have  already 
been  described  by  Mr.  Holmes  (Trans.  Brit.  Pharm.  Gonf.,  1888). 

Alkaloidal  Constituents  of  the  Juice  of  the  Hoots. 

As  the  fresh  roots  were  moist  with  natural  juice,  an  examination 
"vvas  made  of  the  alkaloids  contained  in  it,  since  it  appeared  interest- 
ing to  determine  to  what  extent  the  alkaloids  are  present  in  the  juice 
as  soluble  salts,  and  how  far  they  occur  in  an  insoluble  form  in  the 
cells  of  the  root. 

Ten  kilos,  of  the  fresh  roots  were  submitted  to  hydraulic  pressure, 
amounting  to  1^  tons  to  the  square  inch.  By  this  means,  about  4*5 
kilos,  of  liquid  were  obtained.  To  complete  the  removal  of  the 
soluble  alkaloidal  salts,  about  3'5  litres  of  water  were  allowed  to  soak 
into  the  pressed  roots,  which  were  then  again  submitted  to  hydraulic 
pressure.  This  operation  furnished  an  additional  3' 5  kilos,  of 
liquid.  A  single  drop  of  the  mixed  liquid,  when  placed  on  the  end  of 
the  tongae,  at  once  gave  rise  to  the  characteristic  tingling  sensation 
produced  by  crystalline  aconitine.  It  was  found  to  be  almost  impos- 
sible to  filter  the  turbid  liquid,  and,  owing  to  its  viscosity,  organic 
solvents  (ether,  chloroform,  &c.),  did  not  readily  separate  from  it  in 
distinct  layers. 

The  greater  part  of  the  proteid  was  therefore  precipitated  by  the 
addition  of  acetic  acid,  and  the  filtered  solution  shaken  with  chloro- 
form, which  removed  a  small  quantity  of  resin  and  a  little  of  the 
alkaloidal  acetates.  Excess  of  sodium  hydrogen  carbonate  w^as  then 
added  to  the  acid  liquid,  and  the  alkaloid  extracted  by  agitation  with 
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■chloroform ;  the  chloroform  solution,  on  evaporation,  left  a  gummy, 
alkaloidal  residue.  Since  the  amount  of  alkaloid  was  small,  the 
remainder  of  the  roots  (about  15  kilos.)  was  dealt  with  in  an 
■exactly  similar  manner,  the  juice  being  obtained  by  hydraulic 
pressure. 

Tjxamination  of  the  Alkaloids  from  the  Juice. — The  brown  resinous 
mass  derived  from  the  solution  in  chloroform  showed  no  signs  of 
•crystallising,  even  after  prolonged  standing.  Its  weight  was  nearly 
13*5  grams,  and  as  about  25  kilos,  of  fresh  roots  had  been  used  for 
its  production  it  follows  that  the  juice  contains  about  0'05  per  cent, 
of  the  total  alkaloid  present  in  the  roots. 

The  mass  Avas  mixed  with  ether,  and  the  mixture  heated  for 
«ome  hours.  About  three-fourths  of  the  total  alkaloid  dissolved  in 
the  ether,  nearly  one-fourth  remaining  undissolved  even  after  pro- 
longed digestion.  The  total  alkaloid  was  thus  divided  into  two  por- 
tions, a  greater  part  soluble  in  ether  as  well  as  in  chloroform,  and  a 
smaller  portion  soluble  in  chloroform,  but  insoluble  in  ether. 

Alkaloids  Soluble  in  Ether. — The  gummy  residue  left  on  evaporating 
the  ether  was  dissolved  in  water  acidified  with  acetic  acid,  and  the 
liquid  extracted  with  chloroform,  which  removed  a  little  resin  and 
•also  traces  of  alkaloid,  since  acetates  of  the  aconitine  alkaloids  are  re- 
moved to  a  slight  extent  by  chloroform  from  their  aqueous  solutions. 
Excess  of  sodium  hydrogen  carbonate  was  then  added  to  the  liquid, 
and  the  alkaloid  extracted  by  repeated  shaking  with  ether.  The 
ethereal  solution  was  dried  with  calcium  chloride,  the  greater  part 
of  the  solvent  distilled  off,  and  the  residual  solution  allowed  to  eva- 
porate spontaneously,  when  it  left  a  slightly  coloured,  gummy  resi- 
due, which  could  not  be  crystallised.  As  an  excessively  dilute  sola- 
tion  of  this  residue  produced  tingling  of  the  tongue,  it  seemed  likely 
that  aconitine  was  present.  The  alkaloid  was  converted  into  hydro- 
bromide  by  exact  neutralisation  with  dilute  hydrobromic  acid,  and  on 
slowly  evaporating  the  neutral  solution,  a  syrup  was  obtained  which 
deposited  a  few  crystals  of  aconitine  hTjdrohroTnidey  but  the  quantity 
was  too  small  for  analysis.  An  attempt  was  now  made  to  separate  the 
portion  which  did  not  further  crystallise  into  two  parts.  Fractional 
precipitation  of  an  alcoholic  solution  with  ether,  and  fractional  pre- 
cipitation of  the  base  itself,  alike  failed  to  effect  any  definite  sepa- 
ration, and  none  of  the  fractions  could  be  crystallised.  N^either 
could  the  hydrochloride  of  the  alkaloid  be  crystallised.  The  aqueous 
solution  of  the  hydrochloride  gave  an  abundant  precipitate  with 
auric  chloride,  but  the  pale-yellow,  amorphous  aurochloride  could  not 
be  crystallised  either  from  its  solution  in  chloroform  or  in  alcohol. 

These  results  proved  that  we  were  dealing  for  the  most  part  with 
an  amorphous  alkaloid   containing    a  small    quantity    of    aconitine. 
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Like  aconitine,  the  amorplious  alkaloid  is  soluble  in  ether  and  chloro- 
form. It  forms  salts  which  do  not  appear  to  crystallise,  and  from 
which  we  were  unable  to  separate  a  crystalline  acouifcine  salt,  although 
we  had  satisfactory  evidence  that  this  alkaloid  was  present  in  the 
substance. 

The  residual  alkaline  liquid  which  on  extraction  with  ether  had 
furnished  the  mixture  of  alkaloids  above  described  was  found  still 
to  contain  alkaloid,  which  was  removed  by  shaking  with  chloroform. 
The  alkaloid  thus  extracted  resembled  that  dissolved  by  ether. 
N"either  the  base  nor  its  salts  would  crystallise.  The  aurochloride, 
however,  deposited  a  few  crystals  from  an  alcoholic  solution  when 
this  was  slowly  evaporated.  These  melted  at  134'25°  (corr.).  Aconit- 
ine aurochloride  melts  at  135'5°. 

Alkaloid  Soluble  in  Ghlorofomn  hut  not  in  Ether. — The  small  quantity 
•of  alkaloid  which  was  dissolved  from  the  alkaline  solution  by  chloro- 
form and  was  not  soluble  in  ether  was  converted  into  hydrobromide, 
and  the  solution  of  this  salt  concentrated  by  exposure  in  a  vacuous 
desiccator  ;  no  crystallisation  occurred,  and  attempts  to  produce 
crystalline  salts  were  not  successful.  The  base  dissolved  readily  in 
water  and  alcohol,  less  readily  in  chloroform,  and  hardly  at  all  in 
>dry  ether.  Fractional  precipitation  of  a  solution  in  chloroform  by 
ether  did  not  lead  to  the  isolation  of  a  crystalline  product.  Although 
the  base  was  nearly  insoluble  in  dry  ether,  yet  it  may  be  partly 
removed  from  an  alkaline  solution  by  extraction  with  ether,  especially 
in  presence  of  the  alkaloid  above  referred  to  as  soluble  in  ether.  This 
peculiarity  accounts  for  the  fact  that  some  of  this  base  was  also  found 
in  the  ether-soluble  alkaloid  obtained  as  above  described. 

This  amorphous  alkaloid  resembled  aconine  in  its  properties,  but 
the  quantity  obtained  was  insufficient  for  analysis. 

The  juice  expressed  from  the  roots,  therefore,  contains  (1)  a  con- 
siderable quantity  of  amorphous  alkaloid  or  alkaloids,  soluble  in 
•ether ;  (2)  a  smaller  quantity  of  an  alkaloid,  probably  identical  with 
aconitine ;  (3)  a  small  amount  of  an  amorphous  alkaloid  insoluble 
in  ether,  probably  identical  with  aconine. 

The  greater  part  of  the  alkaloids  had  evidently  remained  in  the 
roots,  and  has  not  been  expressed  with  the  juice. 

Alkaloidal  Constituents  of  the  Pressed  Boots. 

The  almost  dry  mass  from  which  the  juice  had  been  expressed  was 
now  examined.  It  may  be  concluded  that  all  the  alkaloidal  salts 
soluble  in  water  had  been  removed  from  it  by  the  previous  operation. 

The  pressed  roots  were  dried  at  about  50"^,  finely  powdered,  and 
the  alkaloidal  salty  removed  by  percolation  with  steam-distilled  fusel 
oil  (b.  p.  100 — 132°).     The  pale-yellow  solution  was  shaken  several 
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times  with  water  containing  1  per  cent,  of  sulphuric  acid,*  and  the 
aqueous  layer  removed.  Dissolved  amyl  alcohol  was  now  extracted 
by  shaking  the  acid  liquid  with  chloroform,  which  also  removed 
resin.  Dilute  ammonia  was  then  added  in  very  shght  excess,  and 
the  solution  extracted  several  times  with  ether.  The  ethereal  solu- 
tion of  the  alkaloid  was  dried  with  calcium  chloride,  the  ether  partly 
removed  by  distillation,  and  the  remainder  spontaneously  evapo- 
rated. 

The  alkaline  liquid  from  which  the  alkaloid  soluble  in  ether  had 
been  removed  was  repeatedly  extracted  with  chloroform,  and  the- 
chloroform  distilled  off,  when  a  resinous  alkaloidal  residue  remained. 

Alkalo'id  Soluble  in  Ether. — The  residue  from  the  ethereal  solution 
was  a  slightly  coloured  gummy  mass,  which  did  not  crystallise  after*- 
prolonged  standing.  It  was  therefore  converted  into  the  hydro- 
bromide  by  dissolution  in  very  dilute  hydrobromic  acid,  and  the- 
exactly  neutral  solution  slowly  evaporatedf  in  a  desiccator.  By  this- 
means  a  crystalline  hydrobromide  was  obtained,  which,  after  recrystal- 
lisation  and  drying,  melted  at  163°  (corr.).  From  this  salt,  which 
corresponded  in  its  properties  with  aconitine  hydrobromide,  the 
alkaloid  was  regenerated  by  adding  a  slight  excess  of  dilute  ammonia 
to  an  aqueous  solution,  and  extracting  the  base  with  ether.  The  dry 
ethereal  solution,  when  spontaneously  evaporated,  deposited  crystals,, 
which  melted  at  188'6''  (corr.),  which  has  been  shown  in  Part  I  of 
this  investigation  to  be  the  melting  point  of  pure  aconitine.  The- 
aurochloride  was  prepared  by  precipitation  in  the  usual  manner,  and 
subsequently  crystallised  from  alcohol.  When  dry,  it  melted  at  135'5° 
(corr.),  the  melting  point  of  aconitine  aurochloride. 

In  order  to  completely  establish  the  identity  of  the  alkaloid  with 
aconitine,  the  aurochloride  was  burned.  The  following  results  were- 
obtained  : — 

Weight  of  aurochloride,  0*155   gram ;    weight   of   carbon  dioxide- 
obtained,  0*2278  gram  ;  weight  of  w^ater  obtained,  0*068  gram.. 

Calculated  for 
Found.  C;53H45]^Oa,HAuCl4. 

C 40*08  per  cent.  40*12  per  cent. 

H 4-87        „  4*66 

Au 19*7  „  19*99 

*  Yery  dilute  sulphuric  acid  was  employed  instead  of  an  organic  acid,  because- 
sulphuric  acid  of  this  strength  had  been  found  not  to  hydrolyse  aconitine  under- 
the  conditions  of  the  experiment,  whilst  some  organic  salts  of  aconitine  occasion 
trouble  by  passing  out  of  the  acid  liquid  when  it  is  shaken  with  chloroform. 

f  Aconitine  is  readily  hydro lysed  if  evajioratcd  in  a  solution  acid  with  hydro- 
bromic acid,  but  a  neutral  solution  of  the  hydrobromide  may  be  heated  at  100^ 
without  decomposition. 
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These  results  prove  the  alkaloid  to  be  aconitine,  and  incidentally 
fnrnish  confirmatory  evidence  of  the  correctness  of  the  formula 
O33H45NO11,  proposed  for  aconitine  in  Part  T. 

In  the  previous  paper,  it  was  shown  that  this  alkaloid  is  remarkable 
in  forming  salts  which  are  Iffivorotatory,  although  solutions  of  the 
alkaloid  itself  are  dextrorotatory.  The  specific  rotation  of  the 
liydrobromide  now  obtained  was  determined,  with  the  following 
result : — 

a[20°]  =  —1*1625°  (mean  of  four  determinations);  I  =  2dm.; 
d  20/20°  =  1-0053 ;  p  =  1-95  ; 

,  r  -1  100  X  1-1625  oQ.rt; 

whence,  [a],  =  ^^  ^  i-^^-^Tl^^^  =  -29  65. 

This  number  agrees  with  that  previously  recorded  in  Part  I, 
namely,  [aj^  =-30-47°. 

Having  thus  obtained  a  small  supply  of  pure  aconitine,  the 
opportunity  was  taken  of  ascertaining  the  solubility  of  the  alkaloid 
in  water.  As  mentioned  in  the  previous  paper  (Part  I),  Jiirgens  had 
recorded  it  as  1  gram  in  726*4  grams  of  water  at  22°,  but  we  had 
observed  that  the  pure  alkaloid  was  far  less  soluble  than  this.  A 
Aveighed  quantity  of  aconitine  was  finely  powdered,  and  digested 
with  water  at  22°  during  two  days.  A  known  quantity  of  the  solu- 
tion was  evaporated  to  dryness,  and  the  residue  of  aconitine  weighed. 
The  following  results  were  obtained  : — - 

I.  72*488  grams  of   solution  yielded  0-0164  gram  of   aconitine. 

Hence  1  gram  of  aconitine  dissolves  in  4420  grams  of  water. 

II.  150-15  grams  of   solution   yielded    0-0338  gram  of   aconitine. 

Hence  1  gram  of  aconitine  dissolves  in  44 i2  grams  of  water. 

The  mean  result  of  these  two  determinations  is  1  in  4431,  which 
may  be  taken  as  the  solubility  of  aconitine  in  water  at  22°. 

Napelline. — The  syrupy  liquid  from  which  all  the  aconitine  hydro- 
loromide  had  crystallised,  after  prolonged  standing  in  a  desiccator,  was 
reconverted  into  alkaloid  by  the  addition  of  a  slight  excess  of  ammonia 
to  its  aqueous  solution.  Ether  extracted  from  this  liquid  an  alkaloid, 
which,  on  evaporation  of  the  ether,  remained  as  a  pale-yellow  mass 
resembling  a  gum.  It  was  almost  entirely  soluble  in  anhydrous  ether. 
The  ethereal  solution,  when  evaporated,  left  a  resinous  mass,  which 
could  not  be  crystallised  ;  when  quite  dry,  it  was  easily  powdered.  The 
base  dissolved  only  sparingly  in  water,  but  the  aqueous  solution  was 
alkaline  and  extremely  bitter ;  unlike  aconitine,  it  produced  no  tingling 
sensation.  The  alkaloid  is  readily  soluble  in  alcohol  and  ether,  less 
readily  in  chloroform,  and  scarcely  at  all  in  light  petroleum.  Its 
solutions  are  laBvorotatory. 
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The  base  dissolves  in  dilute  acids  formiDg  salts  which  are  left  as 
Tarnishes  on  the  evaporation  of  the  solvent.  Many  unsuccessful 
attempts  were  made  to  crystallise  the  hydrobromide,  hydrochloride, 
and  nitrate  both  from  alcoholic  and  from  aqueous  solutions.  Alkalis 
precipitate  the  base  from  solutions  of  its  salts  in  vv^hite  flocks. 

On  the  addition  of  auric  chloride  to  an  aqueous  solution  of  the 
hydrochloride,  a  pale-yelloAv,  amorphous  aurochloride  is  precipitated. 
This,  when  dry,  melted  somewhat  indefinitely  near  110°.  It  could 
not  be  crystallised  from  its  solution  in  alcohol  or  chloroform. 

The  properties  of  this  alkaloid  are  being  more  fully  investigated. 
It  is  evidently  the  substance  which  has  been  observed  to  cling  obsti- 
nately to  crystalline  aconitine,  and  which  appears  as  a  "  gummy 
ring  "  when  solutions  of  impure  aconitine  are  evaporated.  The  two 
alkaloids  may,  however,  be  almost  completely  separated  by  conversion 
into  the  hydrobromide,  when  the  crystalline  hydrobromide  of  acon- 
itine may  be  removed  from  the  syrupy  residue  of  the  un crystalline 
hydrobromide  of  the  new  base.  Since  we  were  unable  to  obtain  a 
crystalline  compound  or  derivative  of  the  substance,  it  w^as  not  possible 
to  ascertain  with  certainty  whether  it  was  free  from  other  impurity 
than  aconitine;  the  last  traces  of  the  latter  alkaloid  are  not  easy  to 
remove. 

The  facts  above  recorded  prove  that  this  amorphous  base  occurs 
naturally  in  Aconitum  napellus,  and  that  it  is  not  a  decomposition 
product  of  aconitine.  Its  properties  do  not  correspond  with  those  of 
the  amorphous  bases  obtained  by  previous  workers.  It  is  distinguished 
from  the  picraconitine  of  Wright  by  not  readily  forming  crystalline 
salts.  It  differs  from  aconine  by  its  solubility  in  ether,  and  sparing  solu- 
bility in  water.  We  propose  to  revive  for  it  the  name  napelline^  which, 
although  twice  proposed  for  alkaloidal  products  derived  from  aconite 
roots,  has  never  been  widely  used  and  is  now  no  longer  applicable  to 
any  single  alkaloid.  Its  great  advantages  as  a  designation  for  a  second 
alkaloid  of  Aconitum  napellus  are  obvious.  The  name  napelline  was 
first  applied  by  Wiggers  to  the  alkaloid  now  known  as  pseudaconit- 
ine,  and  afterwards  Hiibschmann  used  it  as  a  name  for  an  alkaloid 
he  extracted  from  Aconitum  napellus,  which  the  experiments  of  Wright 
showed  to  be  a  mixture  chiefly  composed  of  aconine,  resulting  from 
the  decomposition  of  aconitine  during  its  extraction  from  the  root. 
The  alkaloid,  which  we  suggest  should  be  called  napelline,  was  ob- 
served to  be  present  in  the  roots  of  A.  napellus,  to  quite  as  large  an 
extent  as  aconitine. 

Considerable  progress  in  the  tedious  work  of  purifying  and  cha- 
racterising this  alkaloid  has  since  been  made  by  one  of  us  in  conjunction 
with  Mr.  E.  F.  Harrison.  The  preparation  of  a  crystalline  compound 
of  napelline  has  made  it  possible  to  obtain  the  alkaloid  in  an  unques- 
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tionably  pure  state,  but  the  operation  is  one  of  the  most  tedious  and 
laborious  that  we  have  yet  encountered  in  this  troublesome  inquiry. 
The  pure  alkaloid  having^  been  at  last  isolated,  its  physiological  action 
is  being  examined.  When  separated  from  aconitine  in  the  manner 
above  described,  napelline  is  still  contaminated  with  another  alkaloid, 
which  does  not  crystallise  or  furnish  crystalline  salts.  On  account 
of  its  resemblance  to  napelline,  we  propose  to  call  this  substance 
homo-napelline. 

Alkaloid  Insoluhle  in  Ether  hut  Soluble  in  Chloroform. — The  alkaline 
solution  from  which  the  alkaloid  soluble  in  ether  had  been  removed, 
was  shaken  with  chloroform.  This  dissolved  a  resinous  substance, 
which  afforded  alkaloidal  reactions.  The  mass  was  washed  with  water, 
which  dissolved  the  greater  part,  leaving  a  little  resin  undissolved.  By 
extracting  the  aqueous  solution  with  chloroform,  the  alkaloid  was  re- 
moved, and  remained  after  evaporation  of  the  solvent,  as  an  amorphous 
residue.  This  was  found  to  be  nearly  but  not  quite  insoluble  in  dry 
ether,  a  small  quantity  of  napelline  being  dissolved.  In  order  to 
completely  remove  napelline,  the  alkaloid  was  dissolved  in  chloroform, 
and  the  solution  precipitated  with  anhydrous  ether.  By  several 
repetitions  of  this  process,  a  colourless,  deliquescent  resin  was  obtained, 
entirely  soluble  in  cold  water  and  in  alcohol,  but  scarcely  soluble  in 
dry  ether  or  light  petroleum.  Numerous  attempts  were  made  to 
crystallise  the  base,  but  without  success.  In  all  these  respects  this 
alkaloid  corresponds  with  aconine,  the  basic  hydrolytic  product  of 
aconitine,  some  of  whose  properties  were  described  in  Part  I,  and  are 
now  more  fully  elucidated  in  Part  III,  which  follows  this  paper. 
The  dry  base  was  analysed  with  the  following  results  : — 

Weight  of   substance,   0'1078   gram ;    weight   of   carbon  dioxide, 
0*2258  gram ;  weight  of  water,  0*0776  gram. 

Calculated  for 
Found.  C06H41NO11. 

C 57-12        57-44  per  cent. 

H 7-99         7-73 

The  base  is  thus  proved  to  be  aconine.  There  can  be  no  doubt  that 
this  alkaloid  actually  exists  in  the  roots  of  A.  napellus,  since  the 
process  used  in  its  isolation  is  such  that  it  could  not  have  been  formed 
by  the  hydrolysis  of  aconitine.  The  amount  of  aconine  contained  in 
the  roots  is  very  slightly  if  at  all  less  than  that  of  aconitine. 

The  precise  relationship  of  aconine  to  aconitine  has  not  hitherto 
been  satisfactorily  established.  Its  properties  have  suggested  that  it 
may  not,  perhaps,  stand  in  the  simple  relation  to  aconitine  which 
the  equation  representing  its  formation  by  hydrolysis  would  imply, 
C33H45NOU  +  H2O  =  CiHeOj  +  CaeHiiNOu.      Isomeric    change    or 

VOL.  LXI.  2   F 
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molecular  condensation  may  have  accompanied  hydrolysis.  In  order 
to  ascertain  whether  aconine  is  a  polymeride  of  the  formula 
(CgeHiiNOiOw,  the  molecular  weight  of  the  base  was  determined  by 
Raoult's  method,  acetic  acid  being  used  as  the  solvent.  The  following 
are  the  experimental  data  : — 

Weight  of  substance 0*116    gram 

Weight  of  solvent 6*1402  grams 

Freezing  point  of  solvent 14*973"' 

solution 14*833° 

Depression  for  1   gram  of  sub- 
stance to  100  grams  of  solvent     0*0741° 

Mol.  depression  of  acetic  acid  . .  39 

Hence  molecular  weight  of  aconine  =  526  ;  molecular  weight  calcu- 
lated from  formula  C26H41NO11  =  543. 

This  result  is  remarkably  near  that  calculated  for  the  formula 
C26H4iN'On,  when  it  is  remembered  that  a  difference  of  0*01°  in  the 
reading  of  the  thermometer  corresponds  with  a  difference  of  about 
40  in  the  molecular  weight,  and  that  no  correction  has  been  made  for 
the  formation  of  aconine  acetate.  The  connection  between  aconine 
and  aconitine  has  been  placed  beyond  question  by  the  experiments 
to  be  described  in  Part  III. 

This  inquiry  has  proved  that  the  roots  of  true  A.  napellus  contain 
four  alkaloids.  Only  one  of  these  has  so  far  been  crystallised,  namely, 
aconitine,  whose  chief  physical  and  chemical  properties,  and  those  of 
its  characteristic  compounds,  have  been  described  in  Part  I  (Trans., 
1891).  The  quantity  of  the  three  uncrystalline  alkaloids  aconine, 
napelUne,  and  homo-napelUne  occurring  in  the  roots  is  more  than  twice 
as  great  as  that  of  aconitine.  The  properties  of  napelline  and  homo- 
napelline  are  now  being  further  investigated. 

The  physiological  action  of  these  four  alkaloids  derived  from  A. 
napellus  is  being  examined.  The  results  so  far  obtained  prove  that 
aconitine  is  by  far  the  most  poisonous  of  them,  and,  indeed,  it  appears 
to  be  the  most  toxic  of  the  vegetable  alkaloids. 
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XXXIII.— COMMUmCATIONS  FROM  THE  RESEARCH 
LABORATORY  OP  THE  PHARMACEUTICAL  SOCIETY 
OF  GREAT  BRITAm. 

{jontrihutions  to  our  Knowledge  of  the  Aconite  Alkaloids.  Part  IIT. 
The  Formation  and  Properties  of  Aconine  and  its  Conversion  into 
Aconitine. 

Bj  "Wyndham  R.  Dunstan,  M.A.,  and  F.  W.  Passmoee,  Ph.D. 

In  a  previous  paper  (Part  I,  Trans.,  1891,59,  271),  one  of  us,  in  con- 
junction with.  Dr.  W.  H.  Ince,  has  described  the  principal  properties 
of  crystalline  aconitine  derived  from  Aconitum  najoellus.  The  differ- 
ences between  the  chemical  properties  of  the  alkaloid  described  by 
-us  and  those  recorded  by  previous  workers  prove  that  the  substance 
we  obtained  was  purer  than  any  specimen  hitherto  described.  Ex- 
periments then  recorded  showed  that,  on  hydrolysis,  aconitine  breaks 
•up,  apparently,  in  accordance  with  the  equation  C33H45NO12  +  H2O  = 
C26H4iN'Oii  +  C7H6O2,  benzoic  acid  being  formed,  together  with  an 
amorphous  base,  first  obtained  by  Wright  and  Luff,  and  named  by 
them  aconine.  Much  uncertainty,  however,  still  exists  with  reference 
to  the  mode  of  formation  and  properties  of  this  alkaloid,  and  since 
these  points  are  of  fundamental  importance  in  connection  with  the 
question  as  to  the  constitution  of  aconitine,  we  determined  to  in- 
vestigate the  nature  of  the  base  or  bases  resulting  from  the  hydrolysis 
of  the  pure  alkaloid.  Wright  and  Luff  (Trans.,  1878,  33,  318) 
assert  that  aconine  results  from  the  action  of  water  at  a  high  tempe- 
rature, or  of  a  mineral  acid,  or  of  alkalis  on  aconitine,  the  change 
-occurring  in  accordance  with  the  equation  given  above.  They 
describe  the  base  as  being  a  slightly- coloured,  friable,  hygroscopic 
mass,  readily  soluble  in  water  and  alcohol,  but  nearly  insoluble  in 
ether.  The  aqueous  solution  is  stated  to  be  bitter,  but  to  produce  no 
tingling  sensation.  It  melts  near  130°,  and  its  composition  is  repre- 
sented by  the  formula  C26H39NO11.  Neither  the  base  nor  its  salts 
-could  be  crystallised.  Wright  and  Luff  further  state  that  aconine 
acts  as  a  reducing  agent  on  salts  of  gold  and  silver.  The  pro- 
ducts of  the  hydrolysis  of  aconitine  point  to  the  conclusion  that  this 
alkaloid  is  benzoylaconine,  and  although  Wright  and  Luff  failed  to 
reconvert  aconine  into  aconitine  by  heating  it  with  benzoic  anhydride, 
•they  obtained  what  was  probably  benzoylapoaconitine. 

Dragendorff  and  Jiirgens*  (J.  Pharm.  [3],  18,  277)  have  questioned 

*  We  have  not  been  able  to  refer  to  the  original   paper,  and  are  therefore 
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the  accuracy  of  tlie  account  of  the  hydrolysis  of  aconitine  ^ven  by 
Wright  and  Luff.  They  assert  that  the  hydrolysis  occurs  in  two 
stages.  In  the  first  stage  one  molecular  proportion  of  benzoic  acid  is 
separated  with  formation  of  a  base  which  they  state  is  identical 
with  the  picraconitine  found  by  Wright  and  Luff  in  one  commercial 
sample  of  roots,  reputed  to  be  those  of  A.  napellus.  In  the  second 
stage,  picraconitine  undergoes  hydrolysis,  losing  a  molecular  propor- 
tion of  benzoic  acid,  together  with  methyl  alcohol,  and  furnishing 
aconine,  which  is  the  final  product  of  the  change.  If  these  facts  are 
correct,  aconitine  must  be  regarded  as  dibenzoylmethoxyaconine. 

Hydrolysis  of  Aconitine. 

The  main  purpose  of  our  experiments  was  to  ascertain  whether 
any  base,  other  than  aconine,  can  be  found  at  any  stage  of  the 
hydrolysis  of  aconitine. 

Pure  aconitine  (m.  p.  188*5°,  corr.)  was  heated  for  several  hours 
with  water  in  a  closed  tube  at  150°.  Water  was  used  in  preference 
to  alkali  or  acid,  so  that  the  change  might  take  place  gradually,  and 
without  the  resinification  which  always  results  from  the  use  of  alkali. 
The  details  of  an  experiment  are  as  follows : — 1  gram  of  aconitine 
was  heated  with  25  c.c.  of  water  in  a  closed  tube  at  150 — 155°  for 
10  hours.  After  this  treatment,  the  liquid  still  produced  the  tingling 
sensation  characteristic  of  aconitine,  and,  therefore,  presumably  the 
whole  of  the  latter  had  not  suffered  decomposition.  On  distillation, 
the  liquid  afforded  no  methyl  alcohol  or  other  volatile  product.  The 
solution  was  acidified  with  dilute  sulphuric  acid  and  extracted  with 
ether,  until  nothing  further  was  removed.  The  ethereal  solution  was 
washed,  dried,  and  distilled ;  the  residue  of  benzoic  acid  weighed 
nearly  O'l  gram,  that  is,  about  10  per  cent,  of  the  aconitine  taken  ; 
the  quantity  of  benzoic  acid  calculated  from  the  equation  given 
above  is  18*8  per  cent. ;  rather  more  than  one-half  of  the  aconitine 
had,  therefore,  undergone  hydrolysis,  if  the  equation  is  correct.  The 
acid  solution  from  which  the  benzoic  acid  had  been  removed  was 
made  alkaline  with  ammonia,  and  completely  extracted  with  ether.. 
The  ethereal  solution  left,  on  evaporation,  an  amorphous  residue, 
weighing  0"35  gram.  This  residue  gave  rise  to  the  tingling  sensation. 
Its  properties  suggested  that  it  was  a  mixture  of  aconine  and  acon- 
itine, and  it  was  found  that  although  dry  aconine  is  insoluble  in 
anhydrous  ether,  it  may  be  extracted  to  some  extent  by  ether  from 
an  aqueous  solution,  especially  when  aconitine  is  also  present. 

The  liquid  which  had  been  extracted  with  ether  was  now  shaken 

obliged  to  depend  upon  the  abstract  in  English,  which  gives  no  experimental 
details. 
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with  chloroform,  which  removed  aconine  with  a  trace  of  resin  ;  the 
residue  left  on  evaporating  the  chloroform  solution  weighed  0*2  gram. 

Excess  of  baryta-water  was  now  added  to  the  alkaline  solution, 
wkich  was  evaporated  to  expel  ammonia,  and  filtered  from  barium 
sulphate ;  the  excess  of  baryta  was  then  precipitated  by  the  requisite 
quantity  of  dilute  sulphuric  acid.  The  filtrate,  when  evaporated  to 
dryness,  left  a  residue  weighing  0*43  gram,  which  was  almost  entirely 
soluble  in  alcohol,  and  consisted  of  nearly  pure  aconine.  The  resi- 
dues from  the  solutions  in  ether  and  chloroform  were  found  to  be 
mixtures  of  aconitine  and  aconine,  and  on  heating  them  with  water 
in  a  closed  tube  as  before,  more  benzoic  acid  was  formed,  and  sub- 
stances soluble  "in  ether,  chloroform,  and  water  were  again  obtained. 
The  tingling  sensation  produced  by  the  original  liquid  proved  that 
aconitine  was  still  present.  By  a  repetition  of  this  process,  nearly  the 
whole  of  the  original  alkaloid  was  converted  into  aconine.  No  methyl 
a,lcohol  was  found,  at  any  stage  in  the  process,  and  no  trace  of  an 
alkaloid  having  the  properties  of  picraconitine  could  be  detected. 

The  hydrolysis  of  aconitine  was  then  repeated  in  the  manner 
above  described  with  several  quantities  of  aconitine,  varying  from 
1  to  5  grams,  in  every  instance,  with  the  same  result:  only  benzoic 
acid  and  aconine  were  formed  and  neither  methyl  alcohol  nor  picr- 
aconitine could  be  isolated.  We  are,  therefore,  justified  in  concluding 
that  the  hydrolysis  of  aconitine  into  aconine  and  benzoic  acid  takes 
place  in  accordance  with  the  equation  given  above. 

The  amorphous  base,  not  aconine,  which  Dragendorff  and  Jiirgens 
thought  to  be  picraconitine,  may  have  been  napelline,  arising  from 
impure  aconitine  having  been  employed.  The  circumstance  that 
aconine,  though  insoluble  in  ether  when  dry,  is  nevertheless  extracted 
from  aqueous  solution  both  by  ether  and  chloroform,  especially  when 
aconitine  and  napelline  are  present,  may  also  have  led  to  the  con- 
clusion that  some  alkaloid  other  than  aconine  had  been  formed. 
We  regard  it  as  probable  that  the  methyl  alcohol,  supposed  by  these 
observers  to  be  formed  during  the  hydrolysis  of  aconitine,  also  took 
its  origin  in  the  use  of  impure  aconitine,  since  we  have  noticed  that 
•organic  solvents  obstinately  cling  to  the  imperfectly  crystallised 
alkaloid  and  are  set  free  when  it  is  boiled  with  water.  No  such 
effect  is  observed  when  pure  aconitine  is  employed. 


Properties  of  Crystalline  Aconine  Hydrochloride. 

Up  to  the  present  time,  aconine  has  been  described  as  an  amorphous 
"base,  which  forms  amorphous  salts.  Wright  and  Luff  speak  of  it  as 
an  amorphous,  resinous  alkaloid  (m.  p.  130°),  readily  soluble  in  water 
and  alcohol,  soluble  also  in  chloroform,  but  insoluble  in  ether.     Its 
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aqueous  solution  reduces  salts  of  gold  and  silver,  and  also  Feliling's 
solution.  The  salts  formed  from  it  were  amorphous,  and  were  not 
obtained  pure. 

In  the  course  of  the  experiments  relating  to  the  hydrolysis  of  pure 
aconitine,  a  few  grams  of  aconine  were  obtained.  With  this  material 
we  have  studied  the  properties  of  the  alkaloid.  This  specimen  of 
aconine  was  purer  than  any  we  had  previously  obtained,  being  almost 
if  not  entirely  free  from  the  resin  which  is  formed  along  with  it  when 
aconitine  is  acted  on  by  alkalis.  Its  aqueous  and  alcoholic  solutions 
did  not  crystallise  when  slowly  evaporated  in  a  desiccator,  but  finally 
dried  up  to  a  nearly  colourless,  friable,  resinoid  mass.  The  aqueous 
solution  was  decidedly  alkaline,  and  had  powerful  reducing  pro- 
perties. Its  taste  was  slightly  bitter,  but  the  tingling  sensation  pro- 
duced by  aconitine  was  quite  absent. 

Since  the  base  could  not  be  crystallised,  an  attempt  was  made  to 
crystallise  its  salts.  The  aqueous  solution  was  exactly  neutralised 
with  dilute  hydrochloric  acid,  and  evaporated  to  a  very  small  volume 
on  the  water-bath.  The  syrupy  liquid,  which  at  first  showed  no  signs 
of  crystallising,  was  allowed  to  stand  for  several  days  in  a  vacuous 
desiccator  over  calcium  chloride.  It  slowly  became  crystalline.  The 
minute  crystals  were  white,  but  the  syrup  which  surrounded  them 
was  slightly  coloured.  The  mixture  was,  therefore,  drained  on  a 
porous  tile  in  a  desiccator,  by  which  means  the  crystals  were  separated 
almost  entirely  from  the  coloured  syrup.  This  plan  of  purification 
was  found  to  be  less  wasteful  and  more  effective  than  recrystallisation 
from  water  or  alcohol ;  the  salt  absorbed  by  the  tile  was  washed  out, 
and  more  crystals  were  obtained  from  the  solution.  The  white,  dry 
mass  removed  from  the  tile  consisted  of  minute  crystals.  Before 
their  properties  were  examined,  they  were  recrystallised  by  the  addi- 
tion of  ether  to  an  alcoholic  solution.  The  crystals  were  dissolved  in 
a  small  quantity  of  strong  alcohol  and  anhydrous  ether  was  then 
added  until  a  faint  turbidity  appeared ;  on  standing  in  a  stoppered 
bottle,  this  solution  deposited  colourless  rosettes  of  needle-shaped 
crystals,  a  further  quantity  being  obtained  by  the  addition  of  more 
ether  to  the  remaining  liquid. 

When  dried  at  100°,  these  crystals  of  aconine  hydrochloride  lost  water 
without  darkening ;  0*25025  gram  of  salt  lost  0'0077  gram  of  water 
at  100° ;  that  is,  2'92  per  cent.  When  the  temperature  was  raised  to 
120°,  and  the  heating  continued  for  a  few  hours,  there  was  a  further 
loss  of  0'0158  gram,  after  which  the  weight  of  the  salt  remained 
constant.  The  total  loss  in  weight  amounted,  therefore,  to  6*31  per 
cent. 

It  appears  from  these  results  that  the  crystalline  hydrochloride 
contains  two  molecular  proportions  of  water,  and  is  represented  by 
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the  formula  C26H4iNOn,HCl,2H20.     One  molecular  proportion  of  tlie 
water  is  lost  at  100°  and  the  other  at  120° ;  thus  : — 

Loss  calculated  from  the  formula 

C26H4iNOn,HCl,2H20.  Found. 

IH2O 3-08  per  cent.  2-92  per  cent. 

2H2O 5-95         „  6-31 

The  dry  salt  is  very  hygroscopic  and  when  exposed  to  air  gradually 
absorbs  the  equivalent  of  one  molecular  proportion  of  water.  In 
order  to  confirm  the  accuracy  of  the  formula  given  above,  the  amount 
of  chlorine  in  the  dried  hydrochloride  was  determined  with  the  fol- 
lowing results  : — 

I.  0'1550  gram  of  salt  gave  0'037  gram  of  silver  chloride ;  5*93  per 

cent. 
II.  0'8920  gram    of   salt  gave   0*0975  gram   of   silver  chloride; 

6' 15  per  cent. 
III.  0*3678   gram   of    salt  gave  0*0917  gram  of   silver  chloride ; 
6*22  per  cent. 

The  mean  of  these  three  determinations  of  the  chlorine  is  6*13  per 
cent.,  whilst  the  amount  calculated  from  the  formula  C26H4iNOn,HCl 
is  also  6*13  per  cent. 

Anhydrous  aconine  hydrochloride  melts  at  175*5°  (corr.).  It  readily 
dissolves  in  water  and  alcohol,  and  is  slightly  soluble  in  chloroform, 
bat  is  nearly  insoluble  in  ether  and  light  petroleum.  The  aqueous  solu- 
tion has  at  first  a  bitter-sweet  and  afterwards  a  burning  taste.  Like 
aconitine  hydrochloride,  it  exerts  a  leevorotatory  action  on  polarised 
light,  but  its  effect  is  much  feebler.  The  anhydrous  salt  was  employed 
in  determining  the  specific  rotation  of  an  aqueous  solution  with  the 
following  result : — 


a 


t[15°]  =  0-9°;  I  =  2  dm.;  p  =  5*75;  d  1574°  =  1*015, 

,  r  -1  100  X   -0*9  „.^,o 

"^^"^^  t"]^  =  2  X   1015  X  5*75  =  -7  71  . 

The  aqueous  solution  of  aconine  hydrochloride  is  neutral  to  litmus 
and  is  not  precipitated  by  alkalis  even  when  concentrated.  Picric 
acid  does  not  precipitate  the  solution,  neither  does  gold  chloride,  ex- 
cept in  strong  solutions,  when  an  amorphous,  pale-yellow  precipitate  is 
produced. 

Other  Crystalline  Salts  of  Aconine. 

Besides  the  hydrochloride,  the  hydriodide,  hydrohromide,  and  sulpha 
ate  were  crystallised.      All   these   salts  are  very  soluble  in  water. 
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and  do  not  crystallise  as  readily  as  the  hydrochloride.  The  crys- 
talline sulphate  is  especially  difficult  to  obtain  ;  the  aqueous  solution 
when  exposed  in  a  desiccator,  evaporates  to  a  thick  syrup  without 
crystallising.  On  standing,  very  fine  needle-shaped  crystals  appear 
in  the  viscous  liquid,  and  are  most  difficult  to  separate  from  it. 

Properties  of  Pure  Aconine. 

Aconine  was  prepared  from  the  pure  hydrochloride  by  adding 
silver  sulphate  to  the  aqueous  solution,  slightly  more  silver  salt  being 
added  than  was  required  to  precipitate  the  chloride.  The  precipitate 
of  silver  chloride  was  filtered  off  and  the  small  excess  of  silver  sulph- 
ate removed  as  sulphide.  The  solution  of  aconine  sulphate  thus  ob- 
tained was  precipitated  by  the  addition  of  exactly  the  requisite 
quantity  of  baryta-water,  the  barium  sulphate  filtered  off,  and  the 
filtrate  evaporated  to  a  small  volume  on  the  water-bath.  The  syrupy 
liquid  was  exposed  in  a  desiccator,  when  it  slowly  dried  up,  without 
crystallising,  to  a  colourless,  hygroscopic,  gum-like  mass,  which  could 
not  be  crystallised  from  any  of  its  solutions. 

The  amorphous  base  melts  at  132°  (corr.)  without  decomposition. 
On  combustion,  it  afforded  the  following  data  : — 

I.  Weight  of  base,  0'1245  gram  ;  weight  of  carbon  dioxide,  0"2614 
gram  ;  weight  of  water,  0*08985  gram. 
II.  Weight  of  base,  0"30610  gram ;  weight  of  carbon  dioxide,  0"6437 
gram  ;  weight  of  water,  0*22105  gram. 

Calculated  for 
I.  II.  a6H4iNO„. 

0 57*27         57*35  57*46 

H 8*02  8-02  7*55 

The  fact  that  the  hydrogen  is  rather  higher  than  the  calculated 
quantity  is  to  be  accounted  for  by  the  extremely  hygroscopic  charac- 
ter of  the  base,  which  makes  it  difficult  to  manipulate  without  absorp- 
tion of  water. 

Aconine  is  very  soluble  in  water  or  alcohol,  and  slightly  in  chloro- 
form, but  insoluble  in  ether  and  light  petroleum.  The  aqueous  solu- 
tion reduces  salts  of  gold  and  silver  and  also  Fehling's  solution. 
It  is  precipitated  by  the  general  alkaloidal  reagents,  and  mercuric 
chloride  produces  a  copious  yellowish-white  precipitate,  which  darkens 
on  standing. 

The  aqueous  solution  is  decidedly  alkaline  and  dextrorotatory. 
The  determination  of  the  specific  rotation  afforded  the  following 
results : — 

a[15]  =  -M-65;  Z  =  2dm.;  ^  =  3*534;  cZ  1574°  =  I'Ol, 


I 
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,  r   1  1<^0  X   1-65  ,  oQo 

whence  W,  =  ^  ^  3.53^  ^  ^.oi  =  +23  . 

Aconine  thus  possesses  the  same  peculiarity  as  was  shown  in  Part  I 
of  this  paper  to  belong  to  aconitine,  the  base  being  dextrorotatory 
and  the  salts  Isevorotatory. 

When  boiled  with  alkalis,  aconine  darkens  and  slowly  resinifies.  The 
physiological  action  of  aconine  is  being  investigated ;  it  does  not 
appear  to  be  poisonous  in  small  doses. 

Formation  of  Benzoylaconine.     Conversion  of  Aconine  into  Aconitine. 

The  question  as  to  the  exact  relationship  of  aconine  to  aconitine 
has  been  to  a  certain  extent  elucidated  by  the  experiments  already 
described.  It  has  been  shown  that  pure  aconitine  yields  only  aconine 
and  benzoic  acid  when  hydrolysed  and  that  the  molecular  formula  of 
aconine  is  C26H4iNOn.  It  is,  therefore,  almost  certain  that  aconitine 
is  benzoylaconine.  If  this  conclusion  is  correct,  it  should  be  possible 
to  prepare  aconitine  from  aconine  by  introducing  a  benzoyl  group. 
By  the  action  of  benzoic  anhydride  on  aconine,  Wright  and  Luff  ob- 
tained, not  aconitine,  but  a  base  probably  identical  with  benzoylapo- 
aconitine  which  did  not,  apparently,  exert  the  characteristic  physio- 
logical action  of  aconitine.  We  have  repeated  this  experiment  with 
pure  aconine,  which  was  heated  with  benzoic  anhydride  in  a  closed 
tube  at  100 — 130°  for  about  three  hours.  No  aconitine  could  be  de- 
tected in  the  product.  Some  aconine  was  recovered  unchanged, 
together  with  an  amorphous  base,  which  did  not  give  rise  to  the 
tingling  sensation  and  was  not  further  examined.  It  appears  to  be 
the  same  substance  as  that  isolated  by  Wright  and  Luff. 

Since  aconitine  is  so  readily  hydrolysed  by  acids  and  alkalis,  we  did 
not  attempt  to  introduce  the  benzoyl  group  by  means  of  benzoyl  chlor- 
ide and  alkali  after  the  manner  proposed  by  Baumann  and  Udransky. 

The  strongly  basic  properties  of  aconine  suggested  the  probability 
that  it  might  be  able  to  decompose  eth}^  benzoate  with  the  formation 
of  ethyl  alcohol  and  aconitine,  or  if  the  temperature  of  reaction  were 
high  enough  to  cause  dehydration  of  the  aconitine,  anhydro-aconitine 
might  be  the  final  product.  The  reaction  may  be  expressed  by  the 
equations 

(i.)  CeHs-COOEt  -h  C26H4iNOn  =  EtOH  +  C,6H4o(C6H5-CO)NOn. 

(Aconitine). 

(ii.)     C33H45NO12    =    H2O     +    C33H,3NOio. 

(Aconitine.)  (Anhydro- 

aconitine). 

It  was  found  that  aconine  did  not  i*eadily  react  with  ethyl  benzoate 
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under  ordinary  pressure,  and  the  experiment  was  therefore  made  in  a 
closed  tube. 

Half  a  gram  of  pure  aconine  was  dissolved  in  10  c.c.  of  alcohol,  and 
0"2  gram  of  ethyl  benzoate  added  to  the  mixture,  which  was  heated 
in  a  closed  tube  at  130°  for  three  hours.  Some  ethyl  benzoate  re- 
mained unattacked  at  the  close  of  the  experiment.  The  liquid  was^ 
heated  in  an  open  flask  on  the  water-bath  until  all  the  alcohol  had 
evaporated.  Water  was  then  added  and  the  liquid  acidified  with 
dilute  hydrochloric  acid ;  a  drop  of  this  solution  produced  the  charac- 
teristic tingling  sensation  on  the  tongue.  Unaltered  ethyl  benzoate 
and  benzoic  acid  were  now  removed  by  extracting  the  liquid  with 
ether,  the  solution  was  rendered  alkaline  with  dilute  ammonia,  and 
the  alkaloid  extracted  with  ether.  The  ethereal  solution,  on  evapora- 
tion, left  a  resino'id  mass  which  did  not  crystallise.  By  neutralisa- 
tion with  dilute  hydrobromic  acid  and  evaporation  of  the  solution,  a 
colourless,  crystalline  hydrobromide  was  obtained.  From  this  salt 
the  alkaloid  was  regenerated,  dissolved  in  dilute  hydrochloric  acid,, 
the  solution  precipitated  with  gold  chloride,  and  the  pale-yellow  pre- 
cipitate of  aurochloride  washed  and  dissolved  in  alcohol.  By  the 
gradual  addition  of  water  to  the  alcoholic  solution,  the  salt  was  de- 
posited in  crystals  which  melted  at  141°  (corr.).  The  aurochloride 
of  anhydro-aconitine  melts  at  exactly  this  temperature  (Part  I). 

By  the  reaction  of  aconine  with  ethyl  benzoate,  we  had  thus  obtained 
the  anhydride  of  aconitine,  and  since  this  compound  may  be  converted 
into  aconitine,  a  partial  synthesis  of  the  natural  alkaloid  has  been 
effected,  and  the  relationship  of  aconine  and  aconitine  demonstrated 
beyond  question. 

It  is  intended  to  make  further  experiments  on  the  conversion  of 
aconine  into  aconitine  and  also  to  prepare  other  compounds  of  aconine 
containing  various  acid  radicles.  The  examination  of  the  physiological 
action  of  these  aconine  derivatives  is  likely  to  throw  light  on  the 
cause  of  the  intensely  toxic  property  with  which  the  non-poisonous 
aconine  becomes  endowed  when  a  benzoyl  group  is  grafted  on  to  its- 
molecule. 

Decomposition  Products  of  Aconine. 

The  behaviour  of  aconine  when  attacked  by  various  reagents  has 
been  closely  investigated,  but  so  far  without  much  success,  as  it  has 
not  been  possible  to  crystallise  the  principal  decomposition  products. 

Nitrous  acid  does  not  appear  to  react  with  aconine.  0*7  gram  of  pure 
aconine  was  dissolved  in  5  c.c.  of  water  and  mixed  with  a  solution 
of  O'l  gram  of  sodium  nitrite  in  20  c.c.  of  water.  The  requisite 
quantity  of  dilute  hydrochloric  acid  was  then  gradually  added  to  the 
well-cooled  mixture.     After  standing  for  some  time,  until  the  evolu- 
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tion  of  nitrous  fumes  had  ceased,  the  solution  was  made  alkaline  and 
extracted  with  ether,  which,  however,  removed  nothing  appreci- 
able. The  aqueous  solution  was  exactly  neutralised  with  dilute^ 
hydrochloric  acid  and  evaporated  to  dryness ;  the  residue  extracted 
with  boiling  alcohol,  and  the  solid  left  on  the  evaporation  of  the 
solvent  again  extracted  with  cold  alcohol.  Neither  of  these  solutions, 
contained  any  substance  giving  Liebermaan's  reaction  for  a  nitroso- 
derivative  and  after  evaporation  in  a  desiccator  and  long  standing, 
the  latter  solution  furnished  crystals  of  aconine  hydrochloride. 

The  oxidation  of  aconine  was  effected  with  potassium  permanganate 
in  the  following  manner.  About  1  gram  of  aconine  dissolved  in 
water  was  oxidised  by  the  gradual  addition  of  3  grams  of  potassium 
permanganate,  solution  of  potassium  carbonate  being  added  from 
time  to  time  so  that  the  liquid  was  always  alkaline.  The  mixture 
was  heated  on  the  water-bath  to  complete  the  oxidation,  then  cooled 
and  filtered.  The  precipitate  of  manganese  oxide  was  extracted  with 
alcohol,  which  removed  a  little  resin.  The  filtrate  was  acidified  with 
hydrochloric  acid  and  extracted  with  ether,  which  removed  very  little. 
After  it  had  been  rendered  alkaline  with  ammonia,  the  solution  was 
extracted  with  chloroform  and  subsequently  with  ether  but  nothing 
appreciable  was  dissolved  from  the  aqueous  solution  by  either  sol- 
vent. The  solution  was  now  evaporated  to  a  small  volume  on  the 
water-bath  and  precipitated  with  lead  nitrate.  The  precipitate, 
which  contained  some  lead  chloride,  was  collected,  washed,  and  de- 
composed with  hydrogen  sulphide.  The  filtrate  from  the  lead 
sulphide,  when  evaporated,  deposited  crystals  of  oxalic  acid ;  these 
were  converted  into  the  silver  salt,  which  was  analysed.  It  contained 
71*24  per  cent,  of  silver ;  silver  oxalate  contains  71'05  per  cent. 

The  filtrate  from  the  precipitate  produced  by  lead  nitrate  was 
evaporated,  and  the  lead  removed  by  hydrogen  sulphide.  No  crys- 
talline acid  or  other  product  could  be  obtained  from  the  solution. 

Action  of  Methyl  Iodide  on  Aconine  and  Aconitine.     Formation  of 
Aconitine  Methiodide  and  MetTihydr oxide. 

The  action  of  methyl  iodide  on  aconine  and  on  aconitine  has  been 
studied  under  various  conditions.  So  far,  no  crystalline  additive 
compound  has  been  obtained  from  aconine,  although  it  appears  that 
when  this  alkaloid  is  heated  with  methyl  iodide  for  several  hours  in  a 
closed  tube  at  100°,  a  base  is  formed  which  neither  crystallises  itself 
nor  yields  crystalline  salts.  This  substance  has  not  yet  been  further 
examined. 

A  crystalline  additive  compound  of  aconitine  with  methyl  iodide 
is  readily  obtained. 


404  FORMATION    AND   PROPERTIES  OF   ACONINE,   ETC. 

Half  a  gram  of  pare  aconitine  was  dissolved  in  a  considerable  ex- 
cess of  methyl  iodide.  On  heating  the  mixture  at  100°  in  a  closed 
tube,  nearly  colourless  crystals  soon  began  to  separate,  and  gradually 
increased  in  number  until  at  last  the  mixture  became  semi-solid. 
The  excess  of  methyl  iodide  was  drained  from  the  crystals  and  found 
to  contain  scarcely  any  of  the  new  compound,  which  seems  to  be 
only  slightly  soluble  in  this  liquid.  The  crystals  were  dissolved  in 
methyl  alcohol  and  crystallised  from  the  solution  by  the  gradual 
addition  of  ether.  By  this  means,  aconitine  methiodide  was  obtained 
in  rosettes  of  crystals  having  a  faint  yellow  tint ;  these,  after  drying 
at  100°,  melted  at  219*5°  (corr.).  The  methiodide  dissolves  in  alcohol, 
water,  and  chloroform,  less  readily  in  light  petroleum  and  in  ether. 
The  aqueous  solution  is  neutral  to  litmus.  On  analysis,  the  meth- 
iodide furnished  the  following  result : — 

vO*2567  gram  dissolved  in  20  c.c.  of  water  and  precipitated  with  a 
slight  excess  of  silver  sulphate  gave  0"0762  gram  of  silver  iodide. 
The  salt  thus  contains  16*04  per  cent,  of  iodine.  The  formula 
C33H45N'Oi2,CH3l  requires  16*09  per  cent. 

From  the  filtrate  obtained  in  this  experiment,  the  silver  was  re- 
moved by  hydrogen  sulphide,  and  then  the  free  sulphuric  acid  was 
exactly  precipitated  with  baryta- water.  This  solution  of  the  sulphate 
deposited  no  crystals  when  slowly  evaporated  in  a  desiccator,  and 
eventually  dried  up  to  a  varnish. 

The  sulphate  was  redissolved  in  water,  the  aqueous  solution  made 
alkaline  with  ammonia  and  several  times  extracted  with  ether. 
The  ethereal  solution  of  aconitine  methhydroxide,  C33H45NOi2,CH3'OH, 
on  evaporation  furnished  a  resinous  residue  which  could  not  be 
•crystallised.  The  aurochloride  appears  as  a  pale-yellow,  amorphous 
precipitate  when  a  solution  of  auric  chloride  is  added  to  an  aqueous 
solution  of  the  hydrochloride  of  the  base.  This  salt  did  not  crystal- 
lise from  its  alcoholic  solution. 

The  properties  of  aconitine  methhydroxide  and  its  salts  will  be 
further  examined,  and  it  is  intended  to  investigate  the  physiological 
action  of  these  compounds. 
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XXXIV.— CONTRIBUTION'S  FROM   THE  LABORATORY  OF 
GONVILLE  AND  CAIUS  COLLEGE,  CAMBRIDGE. 

No.  XXIV.  Chromic  Acid. 

By  Eleanor  Field,  Bathurst  Student  of  Newnham  College, 
Cambridge. 

In  Ann.  Chim.  Phys.  [6],  5,  568,  Moissan  gives  an  account  of  crystals. 
obtained  by  dissolving  chromium  trioxide  in  water  under  special 
conditions,  these  crystals  agreeing  in  composition  with  the  formula 
H2Cr04.  Moissan  says  :  "  Pour  obtenir  des  cristaux  d'acide  chromique 
liydrate,  on  met  un  exces  d'acide  chromique  anhydre,  prepare  .  .  .  ,. 
en  presence  d'une  petite  quantite  d'eau.  La  solution  est  maintenue 
quelques  heures  a  90° ;  on  agite  de  temps  en  temps,  puis  on  decante 
dans  un  flacon  et  Ton  refroidit  le  liquide  a  la  temperature  de  la  glace 
fondante.  II  se  depose  alors  sur  les  parois  du  flacon  des  petits 
cristaux  rouges."  The  crystals  on  analysis  gave  84*25  per  cent,  of 
CrOa  and  15'75  per  cent,  of  HoO  ;  the  formula  H2Cr04  requires  84'79' 
per  cent.  CrOg  and  I5'2  per  cent.  H2O. 

Acting  on  the  suggestion  of  Mr.  Pattison  Muir,  who  has  helped  and 
advised  me  throughout,  I  repeated  the  above  experiment  and  obtained 
crystals  which  were  found,  on  analysis,  to  contain  no  water. 

Analyses  of  pure  chromium  trioxide  crystals,  and  of  the  crystals 
deposited  from  an  aqueous  solution  of  this  oxide,  according  to 
Moissan's  directions,  were  made  side  by  side,  with  the  following 
results. 

I.   Gravimetric  Analysis. 

The  chromium  was  precipitated  as  barium  chromate,  or  as  hydrated 
sesquioxide,  after  reduction  with  hydrochloric  acid  and  alcohol,  or 
sulphur  dioxide  and  sulphuric  acid. 

r  100-91  per  cent.  CrOa- 
Pure  trioxide  crystals.  •  •  •  s  lOO'SO         „  ,, 

Liovio      „ 

Crystals  deposited  from  an>| 

aqueous  solution  of  the  |  100'08  per  cent.  CrOa. 
trioxide  prepared  accord-  )>100'13         ,,  „ 

ing   to  Moissan's  direc-  I  100'90         „  „ 

tions J 

That  the  numbers  are  slightly  too  high  can  be  accounted  for  by  the 
extreme  instability  of  chromium  trioxide,  and  its  tendency  to  be 
reduced  to  the  sesquioxide. 
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II.  Volumetric  Analysis. 
A  determinate  weight  of  chromium  trioxide  was  added  to  a  mea- 
sured volume  of  a  solution  of  ferrous  sulphate  of  known  strength, 
and  the  quantity  of  iron  remaining  unoxidised  was  determined  by 
titration  with  standard  permanganate  solution ;  the  difference  gave 
the  amount  of  iron  oxidised  by  the  chromic  acid  present.  Solutions 
of  the  two  sets  of  crystals  simultaneously  titrated  gave  the  following 
results : — 

-D        i.  .     -J  .1  /    99-82  per  cent.  CrO,. 

Pure  trioxide  crystals. .  . .  s  ^  ^^  ,  ^  ^ 
^  1 100-10 

Crystals  deposited  from  an  1     ^^  ^^  ^ 

I   +•         4J  +1,    I   99-0    per  cent.  CrOa- 
aqueous  solution  or  the  >  ^  ^ 

trioxide    J    ^^'^^ 

It  is  somewhat  difficult  to  make  sure  of  the  end  of  the  reaction,  as 
the  green  colour  of  the  chromic  sulphate  modifies  the  pink  of  the 
permanganate.  To  obviate  this  difficulty  very  dilute  solutions  were 
used,  and  the  colour  obtained  at  the  end  of  the  reaction  was  compared 
with  that  produced  by  adding  one  drop  of  permanganate  to  a  dilute 
solution  of  chromic  sulphate. 

The  crystals  of  chromium  trioxide  used  were  made  according  to 
Zettnow's  method  {Ann.  Phys.  Chem.,  143,  468).  The  crystals  formed 
on  treating  a  concentrated  aqueous  solution  of  potassium  dichromate 
with  concentrated  sulphuric  acid  were  spread  out  on  a  porous  plate 
for  about  24  hours,  and  then  washed  with  pure  nitric  acid  (sp.  gr. 
1-46)  until  they  ceased  to  give  the  reactions  for  sulphuric  acid  and 
potassium ;  they  were  then  heated  to  about  60 — 80°  until  fumes  of 
nitric  acid  were  no  longer  evolved. 

The  second  set  of  crystals  was  obtained  from  a  solution  of  chromic 
trioxide,  prepared  according  to  Moissan's  directions  : — An  almost 
saturated  aqueous  solution  of  the  trioxide  was  heated  for  about  10 
hours  to  80 — 90°,  and  then  placed  in  a  freezing  mixture  ;  after  a  time, 
small,  hard  masses  of  metallic-looking  crystals  separated. 

A  portion  of  the  same  saturated  solution  heated  for  the  same  length 
of  time  ill  a  sealed  tube,  and  then  placed  in  a  freezing  mixture,  gave 
no  crystals  ;  whereas,  when  the  solution  was  placed  in  a  vacuum  over 
sulphuric  acid,  crystals  were  obtained  which  were  similar  in  appear- 
ance to  those  formed  by  the  first  method,  and  gave  the  same  per- 
centage composition  on  analysis. 

The  results  of  the  analyses  given  above  show  that  the  numbers 
obtained  for  the  crystals  deposited  from  an  aqueous  solution  of 
chromium  trioxide  are  practically  identical  with  those  obtained  for 
the  crystals  of  the  trioxide. 

In  order  further  to  compare  the  two  sets  of  crystals,  a  series  of 
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-experiments  was  made  with  Beckmann's  apparatus  for  determining 
the  raising  of  tlie  boiling  point  of  a  solvent  by  tbe  solution  therein  of 
a  definite  quantity  of  a  substance  (Zeit.  physikal.  Ghem.,  6,  437). 

The  following  data  show  the  increases  produced  in  the  boiling 
point  of  water  by  definite  weights  of  chromium  trioxide,  and  of 
-crystals  deposited  from  an  aqueous  solution  of  this  compound,  dis- 
solved in  specified  weights  of  water : — 

G-rams. 

rO-8525 

I  2-0320 

I.  Chromium  trioxide   . .  -^  0'4910 

I  0-9670 

I  2-9990 

II.  Crystals  deposited  from  r  0-334 

an  aqueous  solution  I  0-443 

of     chromium      tri-  j  0*5005 

oxide Ll-0990 

The  effects  produced  on  the  boiling  point  of  water  by  dissolving 
the  two  sets  of  crystals  therein  are  most  apparent  if  the  increases  are 
•expressed  for  2  grams  of  the  substance  in  each  case. 


Grams 

Else  of 

water. 

temDerature. 

30-5 

0-^85^ 

40-0 

0-420 

5) 

0-110 

i? 

0-220 

5) 

0-640 

30 

0-075° 

5J 

0-120 

35 

0-115 

?> 

0-180 

Rise  produced  by  dis-^  0*43° 
solving  2  grams  of  i  0  413 
chromium  trioxide  >0-440 
in  40  grams  of  I  0-450 
water J  0-430 


E/ise  produced  by  dis-^ 

solving  2  grams  of  I  0*449'^ 
crystals  from  an  I  0-540 
aqueous  solution  of  [0-450 
chromium  trioxide  0-330 
in  30  grams  of  water-^ 


The  crystals  are  the  same  in  both  cases. 

It  is  evident  then  that  when  an  almost  saturated  aqueous  solution 
of  chromium  trioxide  has  been  heated  for  several  hours  at  a  tem- 
perature of  80 — 90°,  and  then  cooled  below  0°,  it  deposits  crystals  of 
CrOa,  and  not  of  chromic  acid,  HaCrOi,  as  stated  by  Moissan  {loc.  cit.) . 

But  an  aqueous  solution  of  chromium  trioxide  may  contain 
chromic  acid,  or,  perhaps,  dichromic  acid  (?  2Cr03  +  H2O  +  Aq  = 
H^Cr^O^Aq). 

Now  it  is  possible  to  calculate  the  molecular  weight  of  a  substance 
in  solution  from  determinations  of  the  decrease  in  the  vapour  pressure 
of  the  solvent  produced  by  definite  weights  of  the  dissolved  substance. 
The  foregoing  numbers  give  data  for  this  calculation. 

The  molecular  weights  of  the  substance  in  an  aqueous  solution  of 
chromium  trioxide,  calculated  from  the  data  given  above,  are : — 
I,  57-1;  II,  57-6;  III,  607;  IV,  56-0;  V,  55-02.  The  molecular 
weight  of  CrOa  is  100-4;  of  HsCrOi,  118*4;   and  of  HjCrzO;,  218-8. 
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It  would  seem  then  that  the  solution  examined  did  not  contain  any- 
one of  these  compounds.  Ostwald  (Zeit.  physikal.  Chem.,  3,  79)  de- 
termined the  decrease  in  the  freezing  point  of  water  produced  by- 
dissolving  therein  a  determinate  weight  of  CrOg ;  from  his  results  he 
concluded  that  the  solution  contained  dichromic  acid,  H2Cr207, 
wholly  or  almost  wholly,  dissociated  into  three  ions. 

If  it  is  assumed  that  an  aqueous  solution  of  CrOa  contains  a  com- 
pound dissociated  into  three  ions,  the  molecular  weight  of  this 
compound  may  be  found  by  multiplying  the  numbers  given  above  by 
3.  The  results  of  doing  this  are  as  follows  :—(l)  171'3;  (2)  172-8; 
(3)  182-1;  (4)  168-0;  (5)  165-06.  The  mean  of  these  is  171-85,  a 
number  which  does  not  agree  with  the  molecular  weight  of  H3Cr04 
(118-4),  nor  with  that  of  HsCraO,  (218-8). 

The  conclusion  which  I  draw  from  these  results  is  that,  although  a 
solution  of  chromium  trioxide  in  water  deposits  the  oxide  uncom- 
bined  with  water,  on  cooling,  nevertheless  this  solution  does  not 
contain  CrOs  as  such,  but  that  a  compound  of  this  oxide  with  water 
is  formed,  or,  more  likely,  that  compounds  are  formed,  probably 
H3Cr04  and  H2Cr207,  and  that  these  compounds  are  dissociated  to  a 
large  extent  in  the  solution. 


XXXV. — The  Specific  Rotatory  and  Gupric  Beducing  Power  of  Invert 
Sugar  and  of  Dextrose  obtained  from  Gane  Sugar  hy  means  of 
Invertase. 

By  James  0' Sullivan. 

Hitherto  the  numbers  published  for  the  specific  rotatory  and  cupric 
reducing  power  of  invert  sugar  and  of  the  dextrose  prepared  from 
invert  sugar  have  been  determined  from  the  products  obtained  from 
a  solution  of  cane  sugar  by  heating  it  with  an  acid. 

Herzfeld,  Bornstein,  and  Winter  (Ber.,  18  and  19)  have  thrown 
considerable  doubt  on  Dubrunfaut's  number  {_oc]j  =  —106°  for 
levulose  by  the  isolation  of  crystalline  levulose  prepared  from 
inulin  and  cane  sugar,  which  they  say  has  only  an  [a]^-  C  20  per  cent. 
at  20°  =  -83. 

Dubrunfaut's  well  known  numbers  (Goonpt.  rend.,  42,  901)  are — 

[a,-\j  T14P  =  -106°;  T52°=  -79-5°;  T90°  =  -53°. 

If  we  take  the  first  number  —106^*°,  and  apply  Montgolfier's  ratio 
[a]j  '  Mi>  =  1*129  :  1,  we  get  [a]i,  =  -93°. 
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The  following  numbers  are  also  given  for  levulose : — Neubauer 
(Ber.,  1877,  829),  [oc^j,''"  =  -100°;  Jodin  (Gompt  rend.,  58,  613), 
C  =  5  per  cent.,  [a]^  =  -93°;  Kiliani  (Ber.,  14,  2530),  C  =  1  to  4 
per  cent.,  [a]©  =  —92 — 93°  ;  Rotondi  and  Zecchini  (Deutsche  Zucker- 
indust.,  1887,  1091),  [ajp  =  —100°;  and,  finally,  M.  Honig  and  J. 
Jesser  (Monatsh.  Ghem.,  9,  562 — 578)  give  for  levalose,  which  they 
prepared  by  the  same  method  as  Herzfeld  and  Winter,  [a]D^^*^°  = 
-93-526°. 

Tuchmid  (/.  pr.  Ghem.,  2,  235)  gives  for  a  solution  of  invert  sugar 
with  C  =  17-21  per  cent,  at  0°  [aj^  =  —27*9°,  and  that  this  value 
decreases  with  increase  of  temperature  according  to  the  formula 
[aV=  (-27-9°  -  0-32°0. 

Dubrunfaut  found  for  invert  sugar — strength  not  stated  (Gompt. 
rend.,  42,  901),  T  14°  [aj^  =  -236°,  which,  by  allowing  for  14°  of 
temperature,  we  obtain  at  0°  (  —  23-6''  —  0-32°  x  14)  =  —28°,  a 
number  which  agrees  with  Tuchmid's. 

Maumene  {Gompt.  rend.,  80,  1139)  says  that  invert  sugar  possesses 
similar  properties  only  when  the  proportions  of  water  and  acid,  the 
temperature  and  duration  of  the  action,  and  the  mode  of  neutralisa- 
tion employed  have  been  strictly  identical. 

It  is  evident  that  if  Herzfeld's  number  for  levulose  be  correct, 
invert  sugar  cannot  be  composed  of  equal  parts  of  levulose  and 
dextrose  possessing  the  rotatory  powers  usually  ascribed  to  them. 

I  intend  to  record  in  this  paper  that  invert  sugar,  obtained  from 
cane  sugar  by  means  of  invertase,  has  a  specific  rotatory  power 
T  15*5°  [oi]j  =  24*5°,  and  that  it  yields  a  dextrose  with  an  [a]j  = 
57 — 58°^  and  that  both  have  the  same  cupric  reducing  power. 

As  far  back  as  1878,  it  was  found  necessary,  in  quantitative 
analytical  work,  to  discard  the  use  of  acid  for  the  inversion  of  small 
quantities  of  cane  sugar  in  mixtures  containing  substances  which  were 
acted  on  by  acids,  and  to  employ  a  method  of  inversion  which  would 
have  no  influence  on  these  bodies.  Invertase  prepared  from  yeast 
presented  itself  as  an  inverting  agent  which  was  free  from  this 
disadvantage.  Before  invertase  could  be  used  it  was  necessary,  first, 
to  prove  that  cane  sugar  could  be  completely  inverted  by  it,  and  also 
to  determine  what  were  the  properties  of  the  inverted  product.  As 
the  numbers  obtained  have  a  bearing  upon  the  rotatory  power  of 
levulose  and  upon  the  optical  and  cupric  reducing  methods  of 
estimating  cane  sugar,  I  shall  now  give  the  method  by  which  they 
were  obtained. 

The  faces  of  a  number  of  large  and  clear  crystals  of  white  sugar 
candy  were  carefully  cleaned  with  a  dry  towel,  and  the  crystals  were 
then  finely  pulverised  in  an  agate  mortar.  The  pulverised  sugar 
was  kept  in  a  stoppered  bottle.     At  the  same  time  some  of  the  same 
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sngar,  which  had  been  dissolved  in  water  and  crystallised  from  ethjl 
alcohol  (0-80),  was  similarly  treated.  3202  grams  of  the  first- 
mentioned  sugar  were  taken,  and  it  was  found  to  lose  nothing  by 
drying,  first,  over  sulphuric  acid  in  a  vacuum,  and  then  in  a  current 
of  dry  air  at  100°.  It  was  dissolved  in  about  25  c.c.  of  cold  water, 
which  had  been  previously  boiled.  This  solution  weighed  30'463  grams, 
and  its  sp.  gr.,  as  determined  in  a  Sprengel's  tube,  was  found  to  be 
1043-35  at  15-5°/15*5°.  In  the  weighed  solution  there  were  3*292  grams 
of  sugar;  therefore,  in  100  c.c.  of  the  solution  there  were  11*261  grams 

r^"^^^--  =  ll-26ll.  This  gives  a  divisor  of  3*85  for  the 
1_         oU'4oo  J 

11 -261  per  cent,  solution        '  '  '  •  =  3*85    . 

The  opticity  of  this  solution  in  a  200  mm.  tube  of  a  Soleil- 
Ventzke-Scheibler  polariscope,  was  found  to  be  43*3  divisions.  As 
0*384"  of  angular  rotation  is  equal  to  1  division  of  rotation  on  this 
instrument,  and  the  200  mm.  tube  was  used,  the   specific    rotatory 

•IIT.      r    1  .    -TQ.Q^    rl<^    X    (^'^''-^    X   0*384)5  no  o     1 

power  will  be  [a]  j  =  +73*8      ,,  ^    ^  =  738      . 

The  divisor  then  for  the  cane  sugar  employed  and  its  specific 
rotatory  power  were 

C  =  11-261.     D  =  3*85.     [ccjj  =  73*8°. 

To  25*839  grams  of  this  solution  0*03  gram  of  invertase  (water 
deducted)  was  added,  and  the  solution  was  digested  for  17  hours  at  a 
temperature  of  14 — 16°.  The  small  thermometer  used  was  washed 
with  water,  and  the  solution  was  again  weighed.  It  weighed 
29*261  grams,  and  its  sp.  gr.,  taken  as  before,  was  found  to  be 
1040*71,  and  its  opticity  200  mm.  =  —13,  T  15*5°,  which  did  not 
diminish  after  standing  for  48  hours.  In  the  29*261  grams  of  solu- 
tion there  was  0-03  gram  of  invertase,  therefore,  in  the  104*071  grams 
(100  c.c.)  there  was  0*106  gram. 

The  total  rotation  observed  for  the  solution  is  —24*96°,  (  —  13  x 
0-384)5,  and  the  total  sp.  gr.  1040*71. 

The  sp.  gr.  due  to  the  invertase  in  the  100  c.c.  of  solution  is  0*424 
(1  gram  of  invertase  in  100  c.c.  =  1004)  ;  therefore,  1040*286  is  the 
gravity  due  to  invert  sugar  in  the  100  c.c. 

The  specific  rotatory  power  of  the  invertase  was  [a]y  =  31*2° ;  then 
the  rotation  due  to  0*106  gram  is  0*33°. 

The  gravity  due  to  the  invert  sugar,  1040*286  -f-  3-85  =  10*463 
grams  in  100  c.c,  and  the  total  rotation  —24*96°  +  0-33",  due  to 
invertase,  gives  —25*29°  for  the  10*463  grams  of  invert  sugar,  or  an 
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The  cupric  reducing  power  of  the  invert  sugar  was  determined  by 
'O' Sullivan's  modified  gravimetric  method  (Trans.,  1876,  ii,  130),  a 
weighed  quantity  of  the  solution  being  used,  and  it  was  found  to  be 
K  =  101, 

There  are,  in  100  c.c.  of  the  solution  of  invert  sugar,  10'463  grams, 
■or  in  the  29261  grams  of  the  same  solution  there  are  2*941  grams, 
which  is  the  quantity  of  invert  sugar  produced  by  2" 788  grams  of 

,       ,  r25-839  X  11-261       .^  „     1 
cane  sugar  employed fCH-^"^^ ~  2' 788    ,  or  an  increase  oi 

0*153  gram. 

10  grams  of  cane  sugar  on  inversion,  according  to  the  equation 

C10H22O11  +  OH2  =  C6H12O6  +  C6H12O6, 

requires  5*26  per  cent,  of  an  increase,  due  to  hydration,  and  the  above 
increase  amounts  to  5*5  per  cent. 

In  another  experiment  in  which  I  employed  the  cane  sugar  crys- 
tallised from  alcohol,  and  operated  in  a  similar  manner  in  every  way 
to  that  I  have  just  described,  I  obtained  the  following  numbers : — 

Specific  rotatory  power  of  the  cane  sugar,  C  =  11  per  cent. ;  \_cc]j  = 

73*7°. 
Divisor  for  solution  of  gravity,  1043*35  =  D  3*85. 
Specific  rotatory  power  of  the  invert  sugar,  C  =  11*4  per  cent. ; 

[a],-  =  -24*8°. 
Cupric  reducing  power  of  the  invert  sugar,  K  =  99*0. 
Hydration  in  per  cent,  on  cane  sugar,  5*5. 

It  will  be  observed  that  in  order  to  obtain  the  amount  of  invert 
sugar  present  in  the  solution  after  inversion,  that  the  total  gravity, 
less  the  gravity  due  to  the  invertase  present,  is  divided  by  3*85.  That 
this  number,  although  slightly  high,  is  practically  correct,  I  have 
just  recently  proved. 

An  experiment  was  made,  as  before,  with  large  crystals  of  cane 
•sugar,  and  gave  the  following  numbers  : — 

Specific  rotatory  power  of  the  cane  sugar,  C  =  15*481 ;  [a]y  =  73*2°. 
Divisor  for  solution  of  cane  sugar  of  gravity  1059*5  =  3*84. 
Specific  rotatory  power  of  the  invert  sugar,   C  =  14*07  ;  [a]j  == 

-24-5  . 
'Cupric  reducing  power  of  the  invert  sugar,  K,  I  =  99*2 ;  II  =  99*4, 
Hydration  in  per  cent,  on  cane  sugar,  5*4. 

A  weighed  ua  ntity  of  the  inverted  solution  of  this  experiment  was 
■evaporated  in  a  strong  glass  test-tube  provided  with  a  rubber  plug, 
through  which  passed  two  glass  tubes,  one  of  which  connected  the 
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tube  with  a  suction  pump  and  the  other  with  an  air-drying  apparatus. 
The  tube  was  immersed  in  a  salt- water  bath  kept  boiling  at  104° 
wliilst  the  pump  was  working.  In  this  manner  the  water  was  re- 
moved at  a  diminished  pressure  (100  to  120  mm.).  When  the  syrup 
ceased  to  bubble  in  the  tube  an  extremely  gentle  current  of  dry  air 
was  alloAved  to  enter  through  the  second  tube,  which  was  kept  closed 
till  then.  This  current  of  air  was  so  slight  that  it  did  not  materially 
influence  the  pressure.  The  tube  and  its  contents  Avere  weighed 
from  time  to  time  until  three  consecutive  weighings,  made  four  hours 
apart,  were  found  to  be  the  same.  The  weight  of  the  glass  tube,  after 
the  experiment,  was  found  to  have  diminished  0*004  gram. 

4*62  grams  of  the  inverted  solution,  which  had  a  total  gravity  of 
1054*26,  were  found  to  leave,  when  dried  in  this  manner,  0*622  gram 

•     -. .  -.^o              ri05*426  X  0*6221 
of  dry  substance,  or  100  c.c.  contains  14*19d  grams,    t:^^ 

In  the  100  c.c.  of  solution  there  was  0*117  gram  of  dry  invertase ; 
therefore  14*193  —  0*117  =  14*076  grams  of  invert  sugar.  The  total 
gravity  1054*26  —  0*462,  due  to  invertase,  is  1053*798  due  to  invert 
sugar.  Now,  53*798  -^  14*076  =  3*82,  the  divisor  for  the  invert 
sugar  solution  mentioned  in  the  last  experiment.  The  numbers  given 
for  the  invert  sugar  in  that  experiment  are  worked  out  from  this 
divisor,  and  it  will  be  seen  that  they  do  not  practically  differ  from 
the  numbers  given  for  the  other  experiments  in  which  the  divisor 
3*85  was  used. 

Three  inversions  of  cane  sugar  were  made  with  very  small  quan- 
tities of  invertase,  in  order  to  see  if,  by  employing  the  number 
[oc'\j=.  —24*5°  for  the  cupric-reducing  power  of  the  inverted  solution 
and  [a]j  =  73*8°  for  the  non-reducingsubstance,  the  observed  [ce]^  f or 
the  inverted  product  would  agree  with  the  calculated  number.  The 
following  are  the  results  :— 

Exp. 


Observed  [a];. 

Calculated  [a]j. 

I. 

K  =r  95-73  per  cent. 

-21*1° 

-20*3° 

II. 

„  -  95*00         „ 

-21-6 

-19*7 

III. 

„  =  97-53         „ 

-21*6 

-22*0 

The  experiments  mentioned,  together  with  these  results,  prove  pretty 
conclusively  that  in  the  optical  and  cupric  reducing  method  of  estima- 
ting cane  sugar,  the  numbers  [a]j  =  —24*5°  and  K  100  per  cent,  for 
the  invert  sugar  are  correct. 

In  a  200  mm.  tube  of  a  Soleil-Ventske-Scheibler  polari scope, 
1  gram  of  cane  sugar  in  100  c.c.  of  solution  gives  a  rotation  of 
3*84  divisions,  and  1  gram  of  invert  sugar  gives  —1*27  divisions. 
Theoretically,  1  gram  of  cane  sugar  yields  1*0526  grams  of  invert 
sugar ;  therefore,  if  the  volume  of  the  solution  is  kept  constant,  the 
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true  optical  loss  in  a  200  mm.  tube,  which  1  gram  of  cane  sugar,  after 
inversion,  will  show,  is  384  —  (  — 1'27  X  1'0526)  =  S'lS  divisions. 
From  this  it  will  be  seen  that  the  loss  inopticity  per  100  c.c.  of  a  cane 
sugar  solution  inverted  either  partially  or  completely  by  invertase, 
divided  by  5*18 — the  200  mm.  tube  being  used — will  give,  in  grams, 
the  amount  of  cane  sugar  and  which  has  been  inverted. 

To  prepare  dextrose  from  cane  sugar  by  means  of  invertase, 
100  grams  of  pure  white  sugar-candy  were  dissolved  in  about  300  c.c. 
of  boiling  water;  when  cold,  0*3  gram  of  invertase^was  added  to  it, 
and  after  well  agitating  the  solution  it  was  laid  aside  for  four  days. 
On  the  fourth  day,  a  portion  of  the  solution  was  diluted,  and,  on 
analysis,  the  sugar  in  solution  was  found  to  have  [cc]j  =  — 2o*6. 
On  the  sixth  day  the  whole  of  the  remaining  portion  of  the  solution 
was  evaporated  under  a  diminished  pressure  to  about  80  c.c.  This 
syrup  was  laid  aside,  and  in  about  a  week  a  large  crystallisation  had 
taken  place.  This  crystalline  mass  was  washed  with  alcohol  of 
0'82,  and  then  dried  upon  filter  paper.  The  crystals  thus  ob- 
tained appeared  to  have  no  syrupy  matter  mixed  up  with  them, 
and,  in  fact,  from  their  appearance,  I  fancied  that  I  had  a  fairly  pure 
dextrose.  This,  however,  was  not  so,  for  on  dissolving  some  in  water  and 
boiling  off  the  alcohol  I  found,  in  a  5  per  cent,  solution,  the  [a]^  =  12°. 
By  repeated  washing  by  decantation  with  alcohol,  crystals  were  left 
which  were  much  whiter  than  the  original,  and  which,  on  analysis  of 
a  portion,  gave  C  3  per  cent.,  [a]^  =  54°.  The  whole  of  the  remaining 
crystals  was  dissolved  in  about  20  c.c.  of  water  and  to  this  solution 
20  c.c.  of  dry  methyl  alcohol  was  added.  In  17  days,  the  crystals 
that  had  formed  were  removed  from  the  mother  liquor  and  were 
washed  on  a  filter  with  methyl  alcohol.  Only  7  grams  of.  crystals 
were  obtained,  as  I  aimed  at  the  first  crystallising  portion.  These 
crystals  were  white,  clear,  large,  and  well  defined.  After  drying  over 
sulphuric  acid  in  a  vacuum  for  48  hours,  the  portion  taken  was 
weighed,  and  it  amounted  to  4*869  grams;  on  further  drying  in  a 
•current  of  dry  air  at  100°  and  finally  in  a  vacuum,  the  weight  was 
found  to  remain  constant.  It  was  dissolved  in  about  20  c.c.  of  water, 
and  its  opticity  and  divisor  determined  in  the  same  manner  as  that 
employed  in  the  case  of  cane  sugar.     The  numbers  yielded  were  : — 

T  15-5°.     C  =  19-628.     D  =  3-8.        [a]j  =  57-1°. 
C  =  10-095.     D  =  3-84.      [a],-  =  57-2^ 
K,  I  =  99-5° ;  II  =  100-5°. 

I  might  mention  here  that  I  prepared  dextrose  from  honey  in  a 
rsimilar  manner  and  obtained  for  two  preparations,  one  crystallised 
from  water,  the  other  crystallised  from  alcohol,  the  following 
numbers  : — 
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/.   Crystallised  from  Water. 
T  15-5°.     C  =  17-061.     D  =  3-8.       [a]^-  =  59-0^. 


,,  =  10-844. 

„  =  3-79. 

„     =  58-5. 

„  =    6-969. 

„  =  3-83. 

.,     =  58-4. 

„  =    3-521. 

„  =  3-85. 

„     =  56-0. 

II.  Crystallised  from  Methyl  AIcoTloI. 

T  15-5%     C  =  14-000.     D  =  3-8.      [a]^-  =  58-5°. 
„  =    7-300.     „  =  3-83.      „     =  57-6. 
„  =    3-890.      „  =  3-85.      „     =  56-0. 

As  the  specific  rotatory  power  of  invert  sugar,  obtained  by  means 
of  invertase  where  levulose  is  not  acted  on,  is  [cc]j  =  —24-5°,  and 
tliat  of  the  dextrose  prepared  from  it  is  [a]^  =  57°,  the  apparent 
specific  rotatory  power  of  levulose  calculated  from  these  numbers 
must  be  -24-5°  X  2  +  57°  =  [a],-  =  -106°,  [a]D  =  -93-8°;  invert 
sugar  being  composed  of  equal  portions  of  levulose  and  dextrose. 


XXXYI. — A  Lecture  Experiment  to  Illustrate  the  Phenomena  of  Coal 

Dust  Explosions. 

By  T.  E.  Thorpe,  F.R.S. 

That  the  dust  which  is  incidentally  formed  in  the  operations  of  coal 
getting,  and  which,  therefore,  is  to  be  found  in  greater  or  less  quantity 
in  all  collieries,  can,  under  certain  conditions,  create  or  augment  a 
colliery  explosion,  is  now  very  generally  admitted.  But  all  mining  men 
are  not  agreed  as  to  the  particular  part  which  the  dust  plays  in  the  ex- 
plosion. Some  mining  engineers  and  colliery  managers  are  disposed 
to  regard  its  action  as  wholly  secondary  :  they  believe  that  it  is  only 
in  the  presence  of  fire-damp  that  the  coal  dust  can  be  ignited  by  any 
of  the  agencies  w^hich  may  initiate  an  explosion,  and  that  even  when 
ignited  its  explosive  combustion  is  quickly  arrested  if  the  supply  of 
fire-damp  ceases.  Whilst  it  is  now  allowed  on  all  hands  that  air 
containing  so  small  a  proportion  of  fire-damp  as  to  be  non-explosive 
may,  when  mixed  with  coal  dust  sufficiently  finely  divided  and  con- 
taining a  sufficiently  large  amount  of  combustible  matter,  become 
explosive,  many  engineers  and  coal  mine  inspectors  of  great  skill  and 
experience  are  of  opinion  that  coal  dust  alone,  that  is,  in  the  complete 
absence  of  fire-damp,  may  give  rise  to  violent  explosions.     Indeed,  it 
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is  very  difficult  to  resist  the  evidence  which  has  been  accumulated  by 
Mr.  William  Galloway,  the  Messrs.  Atkinson,  and  others,  in  support 
of  this  view,  which  derives  a  prima  facie  support  from  the  explosions 
which  have  been  known  to  occur  in  flour  mills,  where,  as  in  the  well- 
known  cases,  of  the  Annapolis  Mills,  in  America,  and  the  Tradeston 
Mills,  at  Glasgow,  sparks  from  the  stones  have  ignited  the  fine  flour  or 
stive  dust,  and  the  buildings  have,  in  consequence,  been  blown  down. 

Of  late  years  a  number  of  colliery  explosions  have  been  investigated 
with  very  special  care,  with  the  result  that,  when  the  conditions 
under  which  the  catastrophes  occurred  are  considered,  it  seems  im- 
possible to  resist  the  conviction  that  in  some,  at  least,  of  these 
cases,  the  explosion  originated  in  air  absolutely  free  from  fire- 
damp, and  that  it  was  propagated  by  dust  thrown  by  concussion 
or  vibration  into  the  air  of  the  ways  and  working  places  of  the  mine. 
So  long  as  dust  was  present,  or  could  be  thrown  into  the  air,  so 
long  would  the  explosive  wave  continue  and  gather  force.  Indeed, 
there  is  a  gradually  growing  belief  in  the  mining  world  that  the 
violent  explosions,  such  as  those  of  Abercarn,  Risca,  Seaham,  and 
Penygraig,  which  are  found  to  ramify  throughout  the  pits,  and  to 
penetrate  into  almost  every  part  of  them,  are  to  be  attributed  to  coal 
dust  rather  than  to  fire-damp,  which  latter  cause  necessitates  either 
the  assumption  of  sudden  and  simultaneous  outbursts  of  gas  over  a 
large  area  of  the  mine,  and  often,  too,  when  there  is  no  other  ground 
for  assuming  such  outbursts  ;  or  a  state  of  ventilation  such  as  is  never 
possible  in  a  well  regulated  pit.  It  is  significant,  too,  that  violent 
explosions  of  this  class  seldom  occur  in  very  wet  pits,  although  such 
pits  may,  and  very  frequently  do,  contain  considerable  amounts  of 
fire-damp. 

It  has  long  been  recognised  that  a  large  proportion  of  these 
accidents  are  connected  with  the  use  of  explosives,  and  more  particu- 
larly gunpowder,  employed  in  making  roadways  or  in  driving  head- 
ings, or  in  getting  down  the  coal.  In  the  course  of  a  year  a  great 
number  of  "  shots  "  are  fired  in  a  mine,  and,  for  the  most  part,  of 
course,  with  impunity.  But  it  occasionally  happens,  either  because 
the  shot  is  overcharged,  or  because  the  tamping  or  stemming  is  badly 
or  carelessly  done,  that  the  "  shot "  is  blown  out,  and  the  explosive 
spends  its  energy  in  driving  out  the  tamping,  when  there  is  a  violent 
concussion  in  the  air  and  a  loud  report — a  mass  of  flame  shoots  from 
the  hole — particularly  when  gunpowder  is  employed,  and  the  sus- 
pended dust  ignites,  and  is  consumed  with  great  suddenness.  The 
violent  movement  of  the  air  dislodges  fresh  dust  from  the  floor,  the 
roof,  and  the  timbers,  and  through  this  the  flame  is  propagated,  and 
continues  so  long  as  it  is  fed  with  the  finely-divided  combustible 
matter. 
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A  blown  out  or  overcharged  "  shofc  "  may  then  produce  an  explosion, 
either  by  igniting  an  explosive  mixture  of  gas  and  air,  which,  by  the 
concussion,  raises  a  cloud  of  dust,  which,  in  its  turn,  burns  with 
explosive  violence ;  or  the  flame  of  the  shot  may  directly  ignite  the 
dust  without  the  intervention  of  fire-damp. 

For  some  years  I  have  been  in  the  habit  of  illustrating  the  general 
phenomena  of  a  dust  explosion  to  my  class  by  means  of  an  apparatus 
devised  on  the  principle  of  that  adopted  by  Mr.  Galloway  in  his 
experiments  at  Llwynpia. 

It  consists  of  a  long,  narrow  box,  A  and  B,  made  in  two  pieces, 
which  together  are  12  feet  in  length  and  5  inches  deep  and  5  inches 
wide  externally.  Each  length  of  the  longer  box  fits  into  the  sides  of 
a  similar  box  C,  6  feet  long,  which  serves  as  a  cross  gallery,  and 
illustrates  how  the  explosion  may  travel  through  all  parts  of  the 
pit  so  long  as  it  is  fed  with  dust.  The  boxes  are  open  at  both 
ends,  and  fitted  at  the  top  with  lids  attached  by  strong  hinges  and 
hasps.  They  are  strengthened  across  the  top  by  cross-pieces,  and 
should  be  strongly  made,  best  of  1-inch  oak,  and  should  be  put 
together  with  screws.  At  one  end  of  the  longer  box  is  a  well-fitting 
shutter  or  slide  a,  working  through  a  slot  s,  and  in  grooves  at  the 
sides.  This  end  of  the  long  box  is  inserted  into  one  side  of  the 
quadrangular  box  D,  9  inches  square,  which  is  also  fitted  with  a  lid  h 
at  the  top.  At  c  is  a  small  hole,  through  which  can  be  inserted  a 
caoutchouc  tube  from  a  gasometer  filled  with  marsh  gas  or  coal  gas, 
A  graduated  bell-jar,  furnished  with  a  stopcock  and  suspended  in  a 
wider  jar  containing  water,  is,  on  the  whole,  the  most  convenient 
arrangement  for  delivering  such  an  amount  of  the  gas  into  the  box  as 
will  form  an  explosive  mixture  with  the  air  contained  in  it. 

A  small  quantity  of  coal  dust  is  then  strewed  on  the  bottom  of  the 
boxes,  along  their  entire  length,  and  the  lids  are  fastened  down  by 
means  of  the  hasps.  To  illustrate  the  direct  action  of  the  blown  out 
shot,  the  barrel  of  a  small  pistol,  charged  with  a  blank  cartridge,  is 
inserted  through  the  lid  b.  On  firing  the  cartridge  the  dust  cloud, 
consequent  on  the  explosion,  is  ignited,  and  a  flame,  often  several  feet 
in  length,  is  projected  from  the  further  end  of  the  box. 

To  imitate  the  effect  of  a  local  explosion  of  fire-damp,  the  wooden 
shutter  a  is  dropped  down  through  the  slot  s.  The  quantity  of 
gas,  either  marsh  gas  or  coal  gas,  required  to  make  an  explosive 
mixture  (determined  by  previous  trial)  is  then  delivered  through 
the  hole  c,  the  lid  h  being  of  course  closed.  On  drawing  out  the 
shutter  a,  and  thrusting  a  lighted  taper  either  through  the  slot  s 
or  through  the  hole  c,  the  explosion  instantly  creates  a  cloud  of  coal 
dust,  which,  by  its  violent  ignition,  raises  a  continuous  cloud  along 
the  whole  length  of  the  box  through  which  the  flame  is  propagated, 
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and  is  driven  out  at  the  further  end,  often  to  a  distance  of  4  or  5  feet.. 
The  success  of  the  experiment  seems  to  depend  upon  ^the  nature  of 
the  coal  dust  and  the  character  of  the  initial  explosion.  Some  dusts 
do  not  readily  rise  by  the  concussion,  and  the  flame  travels  only  a 
comparatively  short  distance  along  the  box.  The  hygrometric  state 
of  the  air  and  of  the  dust  also  seems  to  affect  the  result.  In  order  to- 
obtain  the  dust  in  the  proper  state  of  subdivision,  it  must  be  sifted 
through  very  fine  muslin  or  passed  through  a  wire  sieve  made  of  the 
finest  gauze. 

For  class  demonstrations,  lycopodium  powder,  or  the  spores  of  club 
moss  {LycopodiuTn  clavatum),  used  by  pyrotechnists,  and  for  the  pro- 
duction of  theatrical  lightning,  is  a  very  good  and  cleanly  substitute 
for  coal  dust,  which,  by  its  ignition,  always  makes  a  somewhat  un- 
pleasant smoke  ;  moreover,  it  almost  invariably  happens  that  portions 
of  caked  or  charred  dust  are  projected  on  to  the  table  or  about  the 
lecture  room.  The  spores  of  the  club  moss  have  a  composition  more 
nearly  approaching  that  of  lignite  than  that  of  coal.  From  analyses 
made  by  Miss  E.  G.  Hagerty  in  the  laboratories  of  the  Royal  College 
of  Science,  100  parts  of  the  air- dried  spores  contain — 

Carbon.  Hydrogen.         Nitrogen.  Oxygen.  Asli. 

68-09  9-79  1-22  18'90  2-00 

With  this  substance,  all  the  characteristic  phenomena  of  a  dust 
explosion  may  be  readily  and  easily  observed.  Indeed,  the  use  of 
lycopodium  powder  allows  of  many  of  these  phenomena  to  be  investi- 
gated with  more  ease  and  certainty  than  when  coal  dust  itself  is 
employed.  For  example,  the  track  of  a  colliery  explosion  is  now 
traced  by  the  peculiar  manner  in  which  the  caked  or  charred  dust  is 
lodged  or  thrown  on  to  the  pit  props,  timbers,  or  other  objects  in  the 
path  of  the  explosive  wave  or  air  rush,  and  it  is  by  following  up  these 
indications  that  the  point  of  origin  and  cause  of  the  explosion  can 
frequently  be  ascertained.  The  charred  dust  is  found  to  be  lodged 
in  greatest  proportion  behind  the  obstacle,  and  not  on  the  face  presented 
to  the  advancing  air  current.  The  cause  of  this  is  easily  explained 
by  the  formation  of  eddies,  which  drive  in  the  dust  to  the  rear  of  the 
object.  This  phenomenon  may  be  readily  illustrated  in  the  arrange- 
ment described,  by  inserting  small  pegs  of  wood  along  the  bottom  of 
the  box,  when  it  will  be  found,  after  the  explosion,  that  the  lycopodium 
has  been  swept  away  in  a  regular  and  symmetrical  manner  before  the 
face  of  the  peg,  and  heaped  up  at  its  rear. 

It  is  well  known  that  a  colliery  explosion,  and,  particularly,  a  dust 
explosion,  increases  in  violence  as  it  progresses.  At  its  point  of 
origin  the  evidences  of  disturbance  are  often  comparatively  few ; 
lamps,  tools,  clothes,  &c.,  are  frequently  found  in  the  position  in  which 
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they  have  been  left  by  their  owners,  whereas,  haudreds  of  yards  awa}', 
the  signs  of  havoc  and  destruction  are  on  every  hand ;  stoppings^ 
screens,  and  brattices  are  blown  down,  wagons  are  hnrled  together, 
and,  in  some  cases,  every  shred  of  clothing,  even  to  the  clogs  or 
shoes,  has  been  stripped  from  the  bodies  of  the  men.  The  gradually 
increasing  violence  of  the  explosion  is  well  illustrated  by  the  in- 
creasing areas  of  clear  space  before  the  pegs,  as  the  flame  travels  to^ 
the  end. 

It  has  been  frequently  noticed  that  inflammable  or  readily  ignitable- 
substances  are  left  untouched  or  unconsumed  by  the  flame  which 
traverses  the  ways  of  the  mine  :  e.g.,  the  powder  in  the  bottles  or 
canisters  used  by  the  men,  although  freely  exposed,  and  in  the  neigh- 
bourhood of  the  shot  holes,  is  often  unburnt.  If  little  heaps  of  fine 
powder  are  placed  at  intervals  along  the  box  in  the  track  of  a  dust 
explosion,  it  will  be  found  that  they  are  rarely  fired.  Small  pieces  of 
touch-paper  are  seldom  ignited,  and  then  only  near  the  open  end  of 
the  box  where  the  flame  is  strongest.  Gun-cotton,  however,  is 
ignited  in  all  parts  of  the  track. 

It  has  been  asserted  that  in  a  colliery  explosion  the  rush  of  air  is 
frequently  so  violent,  and  the  consequent  diminution  of  pressure  in 
parts  so  great,  that  the  occluded  fire-damp  may  actually  be  drawn 
from  the  face  of  the  coal,  and  thereby  feed,  so  to  say,  the  explosion. 
It  would  appear  from  the  evidence  published  in  the  First  Report  of 
the  Royal  Commission  on  Explosions  from  Coal  Dust  in  Mines  that 
this  so-called  "  Suction  Theory  "  is  held  by  mauy  colliery  managers. 
So  far  as  I  know,  the  only  experimental  proof  of  it  hitherto  advanced 
is  cited  in  a  paper  by  Mr.  G.  C.  Greenwell,  F.G.S.,  published  in  the 
Transactions  of  the  Manchester  Geological  Society.  I  am  indebted  to- 
Mr,  Greenw^ell  for  a  sketch  of  the  apparatus  he  employed.  It  consisted 
of  a  box,  closed  at  one  end  and  open  at  the  other,  about  3  feet  long. 
At  right  angles  to  this  box,  and  opening  into  it,  was  a  second  and 
smaller  box,  fitted  with  a  valve,  on  which  the  pressure  of  the  outer 
air  could  act.  On  firing  a  shot  at  the  closed  end  of  the  longer  box, 
the  violent  rush  of  air  towards  the  open  end  dragged  out  more  or  less 
of  the  air  from  the  box  placed  at  right  angles,  and  the  valve  was  driven 
inwards.  This,  of  course,  is  what  might  have  been  expected.  The 
lateral  current  acts  as  in  the  injector  or  in  the  "  spray  producer,"  or 
as  in  the  case  of  the  current  of  coal  gas  emerging  from  the  jet  of  the 
Bunsen  lamp.  By  means  of  a  manometer  constructed  on  the  same 
principle  as  that  by  which  I  demonstrated  some  years  ago  (Trans., 
1877,  i,  627)  the  area  of  low  pressure,  near  the  jet  of  a  Bunsen 
lamp,  when  the  gas  is  turned  on,  and,  in  consequence  of  which  air 
is  diiven  in  through  the  holes  at  the  base,  I  have  sought  to  gain 
evidence  of  the  existence  of  a  diminution  of  pressure  along  the  side& 
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•of  the  gallery  during  the  course  of  a  dust  explosion.  The  manometer 
was  placed  at  different  parts  of  the  apparatus  during  successive  ex- 
plosions, but  there  was  not  the  slightest  indication  of  such  a  diminu- 
tion ;  on  the  contrary,  there  was  always  a  strong  j)ressure  against  the 
sides  and  top  of  the  box,  exactly  opposite  to  that  which  the  suction 
theory  requires. 


XXXVII. — On  Some  New  Bases.     Part  I.  ^thyldimethylamidohenzene, 
CuJIial^  [C2H5  :  CH3  :  CH3  :  NHo  =  6:1:4:3]. 

By  W.  R.  HoDGKiNSON  and  Leonhard  Ltmpach. 

IS'UMEROUS  bases  having  a  composition  expressed  by  the  formula 
•C10H15N  are  already  known;  they  are  included  under  (1)  amido- 
isobutylbenzenes  ;  (2)  several  isomeric  amidomethylpropylbenzenes  or 
cymidines  ;  (3)  several  isomeric  tetramethylbenzenes  ;  and  (4)  the  one 
we  now  describe,  ethyldimethylamidobenzene  or  ethylxylidine. 

The  new  base  has  been  obtained  by  heating  pure  paraxylidine 
Ihydrocliloride,  CgHuNjHCI,  with  ethyl  alcohol  at  a  high  temperature, 
250 — 300°,  in  an  autoclave.  It  has  been  already  shown  by  one  of 
us  (L.  Limpach,  Ber.,  21,  640)  that  under  this  treatment  the  alkyl 
molecule  joins  on  to  the  benzene  molecule,  in  the  first  instance  entirely 
in  the  para-position  relatively  to  the  amido-group ;  consequently  the 
new  base  will  have  the  constitution 

CH3 

CH3 

As,  however,  after  the  substitution  of  ethyl  for  the  hydrogen  in  the 
para-position  relatively  to  the  ~NIlz  group  in  the  original  xylidine, 
ethyl  can  then  be  substituted  for  the  ortho-hydrogen  atom  next  to  the 
NHa  group,  the  formation  of  a  certain  amount  of  diethyldimethyl- 
amidobenzene  cannot  be  avoided  when  this  method  is  employed. 
The  presence  of  this  second  base  adds,  consequently,  to  the  difficulty 
in  purifying  the  first. 

Preparation. 

The  method  of  preparation  finally  adopted  was  to  heat  1  gram- 
molecule  of  dried  paraxylidine  hydrochloride  with  1  gram-molecule 
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of  etlijl  alcohol  in  an  autoclave  at  250 — 300°  for  five  or  six  hours,  the 
pressure  rising  rapidly  after  the  commencement  of  heating  to  between' 
30  and  35  atmospheres,  this  pressure  being  maintained  during  the 
whole  time  of  heating.  On  cooling,  a  small  quantity  was  taken  out, 
dissolved  in  very  dilute  hydrochloric  acid,  and  the  solution  treated 
-with  sodium  nitrite  to  test  for  secondary  bases.  In  cases  where  a 
strong  milkiness  was  produced  (nitrosamines),  the  content  of  the 
autoclave  was  further  heated  for  several  hours,  a  little  higher  than 
before,  nearly  to  300°,  in  order  to  convert  as  much  as  possible  of  the- 
secondary  base  into  primary.  The  product  was  then  dissolved  in  hot 
water  with  a  very  little  hydrochloric  acid,  filtered  from  a  small  quan- 
tity of  tarry  matter,  made  slightly  alkaline,  and  the  bases  distilled  off 
with  steam.  The  oil  thus  obtained  consists  of  primary,  secondary, 
and  tertiary  bases.  It  vras  fractionally  distilled,  the  main  product 
passing  over  between  235°  and  260°.  This  fraction  was  employed  for 
the  pi-eparation  of  the  pure  base. 

After  a  few  experiments,  it  was  found  that  the  best  method  of 
separating  the  secondary  and  tertiary  bases  and  the  diethyldimethyl- 
amidobenzene  from  the  base  sought  was  to  convert  the  whole  of  them 
into  sulphates.  The  sulphate  of  the  new  base  is  exceedingly  insoluble 
in  water,  and  therefore  admits  of  being  very  easily  separated  from 
the  accompanying  bases.  Instead  of  further  fractionating,  150  grams 
of  the  fraction  boiling  between  235°  and  260°  were  dissolved  in  a 
mixture  of  50  grams  of  sulphuric  acid  and  100  c.c.  of  water,  the  bases 
being  slowly  added  to  the  acid  mixture.  The  sulphate  of  the  new 
base  separated  out  almost  at  once  in  leafy  crystals,  which  were  easily 
separated  from  the  soluble  sulphates  by  draining  and  pressing.  The 
crystals  were  redissolved  in  a  very  large  quantity  of  boiling  water, 
again  allowed  to  crystallise,  and  then  treated  with  sodium  hydrate, . 
and  the  base  distilled  over  with  steam.  At  this  stage  of  purification, 
the  base  itself  distilled  between  245°  and  248°.  Traces  of  paraxyl-- 
idine  were,  however,  still  present,  lowering  the  boiling  point.  For  ■ 
final  purification,  it  was  converted  into  the  formyl  compound,  which 
was  repeatedly  crystallised  from  weak  alcohol. 

The  formyl  compound  crystallises  in  long,  silky  prisms,  and  melts  - 
at  104—105°. 

Analysis  : — 

0'2450  gram  of  substance  gave  0*1890  gram  H^O  and  0'6680  gram 
CO,. 

CiiHisNO.  Found. 

H 8'47  per  cent.-  8'57  per  cent. 

C 74-57         „  74-4 

From    this    formyl    compound   the    pure    base    was    obtained    by- 
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hydrolysing  it  with  dilute  sulphuric  acid,  rendering  alkaline  with 
sodium  hydrate,  and  steam  distilling.  As  thus  obtained,  the  pure 
base  boils  at  247°  (thermometer  in  vapour);  relative  weight,  0'9635  at 
15" ;  and  remains  liquid  when  cooled  to  —10°. 

Analysis  : — 

0*2185  gram  of  substance  gave  0*1980  gram  HjO  and  0"6455  gram 

CO2. 

CioHisN.  Found. 

H 10-06  per  cent.  10-07  per  cent. 

C 80-53         „  80-48 

The  acetyl  derivative  crystallises  in  brilliant  prisms,  and  melts  at 
142— 143^ 

The  sulphate,  CioHi5!N'2)H2S04,  when  pure,  crystallises  from  boiling 
water  in  prisms.     It  is  only  very  slightly  soluble  in  water. 

100  parts  of  a  boiling  saturated  solution  contain  1-14  parts  of  the 
sulphate  ;  at  18°,  100  parts  of  water  contain  0-55  part  of  the  sulphate. 

Analysis  of  the  sulphate  :  — 

0-5500  gram  of  substance  gave  0*3262  gram  BaS04  =  24*62  per  cent. 
Ho.SOi.     C2oH3o:N'2,H2S04  requires  24-74. 

The  hydrochloride,  CioHi5lS",HCl,  crystallises  in  prisms  with  3  mols. 
H2O.     It  is  moderately  soluble  in  water. 
Analysis  of  the  hydrochloride  : — 

0"2817  gram  of  substance  lost,  over  sulphuric  acid,  0-062  =  22'01 
per  cent.  H2O.     CioHi5N,HCl,3H20  requires  22-50  per  cent. 

0-2755  gram  of  the  dried  salt  gave  0-2110  gram  AgCl  =  19-41  HCl 
per  cent.     Required  19*61. 

The  chloroplatinate  forms  long,  fine  needles  which  melt  and  decom- 
pose at  260°. 


XXXVIII. — Platinum  Tetrachloride. 

By  W.  PuLLiNGER,  B.A.,  late  Brackenbury  Scholar  of  Balliol 

College. 

This  compound  was  first  obtained  by  Norton  (/.  pr.  Chem.,  1870,  2, 
469)  in  a  hydrated  form  from  the  compound  of  silver  chloride  with 
platinum  tetrachloride,  discovered  by  Cammeille,  and  minutely 
studied  by  Jorgensen  (J.  pr.  CJiem.,  1877,  16,  345).  Norton  tried  to 
prepare   the   tetrachloride    in   an    anhydrous   state    by    heating   the 
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liydrated  chloride  in  air.     At  100°,  he  says,  it  loses  4  mols.  HoO,  but 

the  remaining  molecule  cannot  be  removed  without  decomposing  the 

■compound.     He  further  attempted   to   obtain  it  by  heating  chloro- 

platinic  acid,  but  without  success.     On  this  account  he  supposed  that 

the  elements  of  water  were  chemically  combined  witli  the  platinum 

C\  H 
<}hloride,  so  as  to  form  a  compound  PtCl2<C  q-ct  ?  standing  interme- 

Pl  IT 
diate  between  chloroplatinic  acid,  PfcCl2<^pi^-rT,  and  platinum  oxy- 

OTT 
chloride,  PtCl2<C!r)XJ5  ^  compound  formed  by  the  action  of  ammonia 

on  the  hydrated  tetrachloride. 

By  adopting  a  new  method,  I  have  lately  succeeded  not  only  in 
•obtaining  the  tetrachloride  from  chloroplatinic  acid,  but  also  in  getting 
it  anhydrous.  The  method  is  a  simple  one,  suggested  to  me  by 
Professor  Lothar  Meyer,  of  Tiibingen.  It  consists  in  passing  a  stream 
of  dry  hydrogen  chloride  over  heated,  dry  chloroplatinic  acid.  The 
latter  was  placed  in  a  weighed  porcelain  boat,  and  this  in  a  glass  tube, 
which  was  heated  in  an  air-bath.  At  the  end  of  the  experiment  the 
boat  was  quickly  transferred  to  a  weighed  tube,  and  was  allowed  to 
cool  in  a  desiccator.  The  tube  and  its  contents  were  then  weighed. 
The  platinum  chloride  was  washed  out  of  the  boat  and  the  solution 
•evaporated  to  dryness  in  a  platinum  crucible.  The  platinum  and 
chlorine  were  estimated  in  the  residue  by  the  usual  methods. 

In  the  first  three  experiments,  the  temperaturejranged  between  170° 
and  200°.  In  each  case  a  small  amount  of  dichloride  was  produced 
as  shown  by  a  slight  darkening  in  colour  of  the  chloride  and  by  a 
small  residue  of  dichloride  remaining  undissolved  after  the  addition 
of  water. 

The  analysis  gave  the  following  results  : — 

Expt 1.  2.  3.  Mean. 

Percentage  of  platinum  . .      57-36       57-52       57-98       57-62 
chlorine  ..      41*32       41-24       40*65       41-07 


98-69 


The  percentages  as  calculated  are  : — 


PtCl4.  PtCl4,H20. 

Platinum 57-86  (2)  54-92 

Chlorine 42-14  3999 

Water. .      5-09 


100-00 


100-00 


A  fourth  experiment  was  made   at  165",  the  temperature  of  the 
bath  being  kept  constant  by  a  Harcoarfc's   regulator.     The  heating 
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was  continued  for  15  hours,  as  an  appreciable  amount  of  water  was 
evolved  after  ten  hours.  The  product  obtained  in  this  experiment 
was  free  from  dichloride.  The  percentage  of  platinum  found  was 
57*82,  which  agrees  well  with  the  theoretical  value  for  PtCl4. 

As  thus  obtained,  platinum  tetrachloride  is  a  very  soluble,  but  not 
deliquescent  substance.  Its  solution  in  water  is  strongly  acid  to 
litmus^  paper,  and  decomposes  sodium  carbonate  rapidly  with  evolu- 
tion of  carbon  dioxide. 

These  experiments  show  that  platinum  tetrachloride,  PtCli,  can  be 
obtained  by  heating  chloroplatinic  acid  at  a  temperature  of  165°  in  a 
stream  of  dry  hydrogen  chloride. 

Balliol  College, 
Oxford. 


XXXIX. — Separation  of  Arsenic,  Antimony,  and  Tin. 

By  John  Claek,  Ph.D. 

About  a  year  ago  {Journ.  Soc.  Ghem.  Indust.,  10,  444)  I  pointed  out 
that  arsenic  could  be  estimated  in  alloys  and  minerals  by  means  of 
ferric  chloride  ;  and  I  have  now  to  lay  before  the  Society  the  experi- 
ments which  I  have  made  to  extend  the  use  of  ferric  chloride  to  the 
separation  of  arsenic,  antimony,  and  tin.  With  this  object  I  pre- 
pared solutions  of  arsenious  acid,  antimony  trichloride,  and  stannic 
chloride  of  known  strength,  and  perhaps  it  is  right  that  I  should 
state  that  the  strength  of  the  antimony  solution  was  determined  by 
precipitating  the  metal  as  sulphide  and  drying  the  precipitate  at 
130°.  For  this  investigation  I  have  assumed  that  the  trisulphide  of 
antimony,  dried  at  130°,  is  pure  SbgSa.  In  my  experiments,  the 
above-mentioned  solutions  were  mixed  in  various  proportions,  and, 
in  order  to  imitate  closely  the  conditions  in  which  these  metals  are 
obtained  in  the  ordinary  course  of  a  chemical  analysis,  the  mixed 
solutions,  in  every  case  where  the  arsenic  was  estimated,  were,  in  the 
first  place,  precipitated  with  sulphuretted  hydrogen,  and  the  precipi- 
tate washed  with  water.  The  mixed  sulphides,  while  still  moist, 
were  then  removed  from  the  filter  by  piercing  the  bottom  and 
washed  into  a  distillation  flask  with  20  per  cent.  HCl  (sp.  gr.  I'lO). 
Any  traces  still  adhering  to  the  filter  were  extracted  by  boiling  with 
a  little  dilute  caustic  soda.    When  the  filter  is  not  separated  from  the 


ARSENIC,   ANTIMONY,   AND   TIN.  425 

precipitate,  the  paper  is  disintegrated  and  charred  in  the  process  of 
distillation,  and  some  dark  coloured  organic  compound  is  formed 
which  interferes  with  the  correct  separation  of  the  tin  from  the 
antimony. 

Arsenic. — After  the  addition  of  the  alkaline  liquid  with  which  the 
filter  has  been  treated,  an  excess  of  ferric  chloride,  dissolved  in  strong 
lijdrochloric  acid,  is  added  to  the  distillation  flask.  (The  solution 
Avhich  I  used  for  this  purpose  was  made  by  dissolving  1  part  of  solid 
ferric  chloride  by  weight  in  5  parts  of  strong  hydrochloric  acid  by 
volume,  and  the  quantity  employed  contained  about  3  parts  of  iron, 
in  the  form  of  ferric  chloride,  for  each  part  of  mixed  sulphide.) 
The  flask  is  then  connected  with  a  spiral  glass  condenser,  to  the  end 
of  which  a  straight  chloride  of  calcium  tube  is  attached,  which  dips 
into  3  or  4  ounces  of  pure  water,  and  a  funnel  safety-tube  is  used  to 
prevent  the  contents  of  the  condenser  passing  back  into  the  flask, 
and  to  enable  fresh  hydrochloric  acid  to  be  added  without  taking 
out  the  cork.  The  contents  of  the  flask  are  then  distilled  to  about 
one-fourth  of  their  bulk,  mixed   with  twice  their  volume  of  strono" 

o 

hydrochloric  acid,  and  again  distilled.  To  remove  the  last  traces  of 
arsenic,  it  is  advisable  to  again  add  more  strong  hydrochloric  acid, 
and  distil  as  before.  At  the  end  of  the  third  distillation,  under  these 
circumstances,  the  whole  of  the  arsenic  will  have  passed  over  into 
the  condenser.  The  presence  of  arsenic  is  generally  indicated  during 
the  distillation  by  the  appearance  of  more  or  less  of  a  yellow  precipi- 
tate in  the  distillate  and  in  the  tube  of  the  condenser.  This  pre- 
cipitate consists  of  a  mixture  of  sulphide  of  arsenic  and  sulphur,  and 
is  due  to  a  little  chloride  of  sulphur  which  distils  off  along  with  the 
chloride  of  arsenic,  and,  in  contact  with  water,  is  decomposed  into 
hydrogen  chloride  and  thiosulphuric  acid,  which  in  its  turn  yields 
sulphur,  sulphide  of  arsenic,  and  sulphurous  acid.  When  the  distilla- 
tion is  completed,  the  glass  tube  of  the  condenser  is  washed,  first 
Avith  water,  and  then  with  a  little  weak  ammonia.  The  precipitate  is 
separated  from  the  condensed  liquid  by  filtration,  and  the  filter  is 
Avashed  with  dilute  ammonia,  which  dissolves  the  arsenic  trisulphide, 
and  leaves  the  bulk  of  the  sulphur.  The  filtrate,  which  will  contain 
some  sulphide  of  arsenic,  produced  by  the  action  of  the  hydrochloric 
acid  on  the  ammoniacal  solution  of  sulphide  of  arsenic,  is  then 
treated  with  excess  of  sulphuretted  hydrogen,  and  the  sulphide  of 
arsenic  is  collected  on  a  weighed  filter,  washed  with  water,  then  with 
methylated  spirit,  afterwards  with  bisulphide  of  carbon,  and,  finally, 
with  methylated  spirit.  The  filter  and  contents  are  then  dried  at 
100°,  and  the  arsenic  weighed  as  arsenic  trisulphide,  AS2S3. 

Antimony. — The  distillation  flask,  after  the  removal  of  the  arsenic, 
contains  the  antimony  as  trichloride,  and  the  tin  as  stannic  chloride, 
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mixed  with  ferrous  and  ferric  chloride  and  separated  sulphur.  The 
contents  are  passed  through  a  filter  and  washed  with  water. 

Of  the  different  methods  which  have  been  proposed  for  the  separa- 
tion of  antimony  and  tin,  Tookey's,  which  is  based  on  the  precipita- 
tion of  the  antimony  by  means  of  metallic  iron,  could  very  easily  be 
applied  ;  but,  unfortunately,  it  has  been  found  to  be  impossible  to  get 
correct  results  by  this  method,  on' account  of  the  readiness  with  which 
the  precipitated  antimony  oxidises.  Thiele  (Annalen,  263,  361)  has 
shown  also  that  when  electrolytic  iron  is  used,  the  whole  of  the  tin 
is  thrown  down  along  with  the  antimony,  even  in  the  cold  ;  and  I 
have  observed  that  thin  sheet  iron  frequently  precipitates  more  or 
less  tin  when  the  solution  is  concentrated.  Loveton  (Jour.  Pharm.. 
17,  361)  has  pointed  out  that  sulphide  of  antimony  is  less  soluble  in 
hydrochloric  acid  than  sulphide  of  tin,  and  that,  in  solutions  contain- 
ing certain  proportions  of  hydrochloric  acid,  the  antimony  and  tin 
can  be  separated,  quantitatively,  by  means  of  sulphuretted  hydrogen. 
Loveton  recommends  the  precipitation  of  the  antimony  in  a  solution 
••ontaining  half  its  volume  of  strong  hydrochloric  acid,  and  the  collec- 
tion of  the  precipitate  on  cotton  wool  to  prevent  the  destruction  of 
the  filter  by  the  hydrochloric  acid,  and  he  washes  the  sulphide  of 
antimony  precipitate  with  a  mixture  of  1  part  of  hydrochloric  acid  to 
1^  parts  of  a  saturated  solution  of  sulphuretted  hydrogen.  Loveton 
operated  only  on  alloys  which  he  dissolved  in  hydrochloric  acid  with 
the  assistance  of  nitric  acid  or  potassium  chlorate;  and  he  states 
that  the  sulphides  of  antimony  and  tin  are  subsequently  dissolved  in 
sulphide  of  sodium,  and  electrolysed  ;  but  he  does  not  give  any 
results  to  show  the  accuracy  of  the  process. 

There  can  be  no  doubt,  however,  that  in  solutions  containing 
certain  proportions  of  hydrochloric  acid,  antimony  can  be  completely 
separated  from  tin  in  this  way ;  but  when  nitric  acid  or  potassium 
chlorate  is  used  to  effect  solution,  it  is  not  possible  to  know  in  what 
state  of  oxidation  the  antimony  exists  ;  so  that  it  could  not  be  weighed 
as  trisulphide  without  further  treatment. 

When  ferric  chloride  is  used  as  the  oxidising  agent,  the  conditions 
are  different,  as  in  this  case  the  antimony  exists  entirely  in  the  form 
of  trichloride,  and  the  tin  as  stannous  chloride.  I  have  found,  how- 
ever, that  in  solutions  containing  half  their  volume  of  hydrochloric 
acid,  it  is  difficult,  in  presence  at  any  rate  of  ferric  chloride,  to  pre- 
cipitate the  whole  of  the  antimony  ;  and  when  the  solution  is  diluted 
so  as  to  contain  less  than  one-third  of  its  volume  of  strong  hydro- 
chloric acid,  the  tin  comes  down  if  the  current  of  sulphuretted  hydro- 
gen is  continued  in  the  cold  after  the  whole  of  the  antimony  is  pre- 
cipitated. In  solutions  with  about  a  third  of  their  volume  of 
hydrochloric  acid,  the  process  works  fairly  well  in  presence  of  ferric 
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chloride,  and  the  sulphide  of  antimony  can  be  collected  on  an  oi'diu- 
ary  filter  without  daiger. 

JSxample. 

Taken.  Found. 

Antimony   0*1310  gram.  01354  gram. 

Tin 01169      „  01146      „ 


Total 0-2479      „  0-2500      „ 

The  principal  objection  to  Loveton's  process,  as  carried  out  in  this 
way,  lies  in  the  strict  attention  which  must  be  paid  to  the  propor- 
tion of  acid  and  the  necessity  of  washing  with  a  mixture  of  hydro- 
chloric acid  and  sulphuretted  hydrogen  water. 

F.  W.  Clark  {Ghent.  News,  21, 124)  has  shown  that  stannic  sulphide, 
SnSz,  is  soluble  in  a  strong  solution  of  boiling  oxalic  acid,  but  accord- 
ing to  Wittstein  and  A.  B.  Clark,  jun.  {Zeit.  anal.  Chem.,  9,  490),  the 
oxalic  acid  process  does  not  give  results  of  any  value  when  applied  to 
mixtures  of  arsenic,  antimony,  and  tin.  According  to  F.  P.  Dewey 
{Zeit.  anal.  Chem.,  21, 14"),  the  failure  of  the  process  in  their  hands  is 
due  to  the  presence  of  free  mineral  acid,  and  he  recommends  the 
neuti-alisation  of  the  free  acid,  but  finds  it  necessary  to  precipitate 
the  antimony  twice  in  a  boiling  oxalic  acid  solution  to  get  it  free 
iVom  tin.  From  the  results  of  my  experiments,  I  am  of  opinion  that 
Wittstein  and  Clark's  failure  could  not  be  due  to  a  moderate  quan- 
tity of  free  hydrochloric  acid,  and  I  have  come  to  the  conclusion  that 
when  the  antimony  exists  in  the  form  of  trichloride,  and  the  tin  in  the 
stannic  state,  as  in  the  present  case,  a  combination  of  F.  W.  Clark's 
and  Loveton's  processes  has  advantages  over  either  of  them.  The 
following  are  the  details  of  this  method  : — The  liquid  from  which  the 
arsenic  has  been  distilled  is  filtered  to  remove  the  sulphur,  washed 
with  water  as  far  as  necessary,  then  mixed  with  oxalic  acid  (about 
20  parts  of  oxalic  acid  for  1  of  mixed  sulphides),  dissolved  in  hot 
water,  and  sulphuretted  hydrogen  passed  through  the  solution  till  it 
is  cold.  The  solution  should  not  be  heated  after  the  addition  of  the 
oxalic  acid.  Instead  of  passing  the  gas  through  the  solution,  excess 
of  sulphuretted  hydrogen  water  maj  be  added  ;  but  in  this  case  the 
antimony  trisulphide  precipitate  should  be  filtered  off  shortly  after- 
wards, as,  on  standing  overnight,  reduction  takes  place,  and  a  little 
stannous  sulphide  is  apt  to  be  precipitated.  In  the  presence  of  the 
oxalic  acid  and  hydrochloric  acid,  only  a  portion  of  the  ferric  chloride 
is  reduced,  and  the  whole  of  the  antimony  is  precipitated  as  antimony 
tnsulphide,  SbjSa,  absolutely  free  from  tin,  and  mixed  only  with  a 
little  sulphur.     The  precipitate  is  collected  on  a  weighed  filter,  and 
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may  be  washed  with  any  quantity  of  water  withoat  bringing  flown 
tin,  and  the  filtrate  gives  no  precipitate  on  the  addition  of  a  solution 
of  sulphuretted  hydrogen.  After  being  washed  with  water,  the  pre- 
cipitate is  washed  with  alcohol,  then  with  carbon  bisulphide,  and 
finally  again  with  alcohol,  the  washings  with  alcohol  and  carbon  bi- 
sulphide being  kept  separate.  The  filter  and  contents  are  dried,  then 
digested  in  carbon  bisulphide  to  ensure  the  complete  removal  of 
sulphur,  and  weighed  as  antimony  trisulphlde,  SbgSa  ;  small  precipi- 
tates do  not  require  to  be  digested  in  carbon  bisulphide. 

In  the  experiments  which  I  have  made  to  test  the  accuracy  of  the 
process,  the  precipitates  have  in  every  case  been  dried,  first  at  100° 
nnd  then  at  130°,  but  I  am  of  opinion  that  when  the  antimony 
sulphide  is  thoroughly  dried  at  100°  the  loss  of  weight  at  130°  is  so 
minute  that  in  the  case  of  small  precipitates  at  any  rate  it  may  be 
disregarded. 

Example. 


SbsSa  dried  at  100°. 

Loss  at  130°. 

Loss  per  cent. 

0-6648  gram. 

0-0001 

0-015 

1-0020      „ 

0-0032 

0-31 

0-7348      „ 

— 

— 

0-7840      „ 

0-0026 
Averae-e 

0-33 

...      0-14 

In  these  experiments,  the  sulphide  of  antimony  was  in  each  case 
removed  from  the  filter,  and  dried  first  at  100^  before  it  was  heated 
to  130°. 

I  am  aware  it  is  generally  believed  that  antimony  trisulphide 
retains  a  little  water  which  is  not  given  off  till  it  is  converted  into 
the  black  sulphide,  which  takes  place  between  200°  and  230°.  Lesser 
even  recommends  that  the  sulphide  of  antimony  should  be  heated  to 
this  temperature  before  it  is  weighed,  but  he  found  it  took  as  much 
as  nine  hours  to  get  a  constant  weight  in  a  covered  crucible.  There 
can  be  no  doubt  that  antimony  trisulphide  suffers  a  loss  of  weight 
between  200°  and  230°,  but  I  am  of  opinion  that  this  is  dne  not  to 
water  but  to  oxidation,  for,  although  the  loss  is  small  when  the 
sulphide  is  heated  for  a  short  time,  it  does  not  cease  to  lose  weight 
when  heated  five  or  six  hours  daily  for  a  week  in  an  open  vessel 
without  the  filter,  and  it  gradually  becomes  brown  in  colour,  and 
consists  of  a  mixture  of  oxide  and  sulphide. 

The  following  experiments  show  the  extent  to  which  oxidation 
takes  place  under  these  conditions  :^ 
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Weigbt  of  SbgSg  Loss  in  about  Sulpliiir  Sb2S3 

dried  at  130°               30  hours  in  corresponding  to 

taken.  at  200°— 230°.  residue.  the  sulphur, 

(a.)  0-7782  gram.            0-0657  0-0609  0-2157 

(6.)  0-8187      „               0-0757  0-0525  0-1859 

Sb.,S3  per  cent,  in  residue,   (a.)  30-2  :  (h.)  25-3. 

These  results  indicate  plainly  that  the  antimony  trisulphide  is 
gradually  converted  into  oxide  when  heated  between  200°  and  300^, 
and  that  it  is  of  no  use  to  heat  the  sulphide  to  this  temperature.  In 
my  opinion,  antimony  trisulphide,  dried  at  130°,  is  anhydrous,  and 
the  most  convenient  form  in  which  the  metal  can  be  weighed.  I  am 
also  of  opinion  that  it  is  less  open  to  objection  than  any  of  the  other 
forms  in  which  antimony  is  frequently  estimated.  Bunsen  {Annalen, 
192,  317)  has  pointed  out  that  the  temperature  at  which  SbzOj  is 
converted  into  Sb204  is  so  near  the  temperature  at  which  the  Sb^Oi 
is  decomposed  that  he  has  given  up  this  form  as  useless.  It  has 
also  been  recently  shown  by  two  independent  observers,  J.  Thiele 
(Annalen,  263,  361)  and  T.  Wilm  (Zeit.  anal.  Chem.,  30,  428),  that 
the  pentsulphide  of  antimony  obtained  by  Bunsen's  process  contains 
a  considerable  quantity  of  free  sulphur,  and  I  have  referred  to  the 
objections  to  weighing  antimony  as  metal. 

Tin. — The  filtrate  from  the  antimony  precipitate,  from  which  the 
alcohol  and  carbon  bisulphide  washings  are  excluded,  contains  the 
whole  of  the  tin  mixed  with  salts  of  iron  and  oxalic  acid.  To  destroy 
the  latter,  the  solution  is  heated,  and  solid  permanganate  of  potash  is 
added  in  small  quantities  at  a  time,  till  a  precipitate  of  oxide  of  man- 
ganese is  obtained  which  does  not  redissolve  on  boiling.  Some 
ferrous  salt  is  added  to  dissolve  the  oxide  of  manganese,  and  a  strtam 
of  sulphuretted  hydrogen  is  passed  through  the  hot  solution  till  it  is 
quite  cold.  Under  these  circumstances,  the  tin,  mixed  with  sulphur, 
is  precipitated  in  a  condition  sufi&ciently  dense  to  enable  the  precipi- 
tate to  be  collected  and  washed  with  water  without  showing  any 
tendency  to  pass  through  the  filter.  When  thoroughly  washed,  the 
filter  and  contents  are  dried,  and  the  tin  converted  by  ignition  into 
stannic  oxide,  SnOg,  in  which  form  it  is  weighed. 

The  following  are  the  results  which  I  obtained  by  this  method : — 

No.  I.  Experiment  with  known  quantities  of  antimony  trichloride 
and  stannic  chloride  in  presence  of  oxalic  acid  and  a  considerable 
quantity  of  ferric  chloride : — 

Taken.  Found. 

Antimony 0-1310  gram.  0-1354  gram. 

Tin 01170      „  0-1198      „ 

Total  0-2480      „  0*2552      „ 


(A) 
found. 
Gram. 

(B) 
found. 
Gram. 

(C) 

found . 
Gram. 

0-0134 

0-0174 

00174 

0-0674 

0-0646 

0-0650 

0-0575 

0-0560 

0-0565 
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T^o.  II.  Experiments  on  known  quantities  of  arsenic,  antimony, 
and  tin,  precipitated  as  sulphides,  and  afterwards  treated  with  ferric 
chloride  and  oxalic  acid  as  described : — 

First.    (With  a  small  proportion  of  Arsenic.) 

Taken. 
Gram. 

Arsenic 0-0157 

Antimony  . . .      00655 

Tin 0-0568 

Total 0-1380        0-1383        0-1380        0-1389 


Second.     (With  a  small  proportion  of  Antimony.) 

Taken.  Found. 

Gram.  Gram. 

Arsenic 0*0628  0-0601 

Antimony 0-0163  0-0158 

Tin 0-0585  0-0589 

Total 01376  0  1348 

Third.     (With  a  small  proportion  of  Tin.) 

Taken.  Found. 

Gram.  Gram. 

Arsenic 0*0628  0*0612 

Antimony 0-0665  0-0646 

Tin 0*0146  0*0168 

Total 0*1439  01426 

Fourth.     (With  larger  quantities  of  the  three  Metals.) 

Taken.  Found, 

Gram.  Gram. 

Arsenic 0-1310  0-1353     . 

Antimony 0*1256  0*1253 

Tin ' 0-1169  0-1206 

Total 0-3735  0 .3812 

The  only  objection  to  the  process  which  I  have  described  is  the  neces- 
sity of  digesting  the  sulphide  of  antimony  with  carbon  bisulphide  to 
remove  the  sulphur  produced  by  the  reduction  of  the  ferric  chloride. 
This  d'fficulty  can,  however,  be  obviated  by  reducing  the  excess  of 
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ferric  chloride  before  adding  the  oxalic  acid.  To  effect  this,  I  intro- 
duce a  narrow  strip  of  pure  sheet  iron  into  the  solution  after  the 
removal  of  the  sulphur  and  heat;  reduction  takes  place  in  a  few 
minutes.  As  soon  as  the  yellow  colour  of  the  ferric  chloride  dis- 
appears, the  undissolved  iron  is  taken  out ;  the  antimony,  which 
comes  down  to  some  extent  before  the  ferric  chloride  is  reduced,  is 
removed  by  washing  and  rubbing,  and  to  the  solution  containing  the 
precipitate,  the  hydrochloric  acid  solution  of  ferric  chloride  is  added 
drop  by  drop  till  the  antimony  dissolves,  and  the  liquid  acquires  a 
permanent,  yellowish  tint  indicating  a  slight  excess  of  ferric  chloride. 
The  solution  of  oxalic  acid  (mixed  in  this  case  with  about  one-third 
of  its  bulk  of  hydrochloric  acid)  is  then  added,  and  the  antimony 
precipitated  with  sulphuretted  hydrogen,  and  washed  with  alcohol 
and  carbon  bisulphide,  as  already  described. 

Under  these  conditions,  the  quantity  of  free  sulphur  is  so  small 
that  it  is  unuecessary  to  digest  the  precipitate  with  carbon  bi,:- 
sulphide. 

Example. 

Taken.  Found. 

&ram.  Gram. 

Antimony 01310  01302 

Tin 01170  01232 

Total 0-2480  0-2534 

The  hydrochloric  acid  is  added  to  the  oxalic  acid  solution  to  prevent 
the  tin  from  being  precipitated,  as,  in  the  absence  of  ferric  chloride, 
tin  is  apt  to  come  down  along  with  the  antimony  sulphide  when  too 
little  free  acid  is  present. 

These  results  indicate  that  the  ferric  chloride  plays  a  very  importan  b 
part  in  the  process ;  it  is  by  its  means  that  the  antimony  is  always 
obtained  in  the  form  of  trichloride.  The  ferric  chloride  also  assists 
in  preventing  the  precipitation  of  the  tin,  and  renders  it  unnecessary 
to  pay  strict  attention  to  the  proportion  of  free  acid. 

For  qualitative  purposes,  it  is  not  necessary  to  employ  a  condenser 
in  distilling  off  the  arsenic  ;  a  bent  tube  dipping  into  water  being 
sufficient,  but  it  is  advisable  to  use  a  safety-tube  to  prevent  the  dis- 
tillate passing  back. 

In  the  case  of  alloys  or  antimony  ore,  the  metal  or  mineral  is  dis- 
solved in  strong  hydrochloric  acid  and  ferric  chloride,  and  the  arsenic 
is  distilled  off  at  once.  The  sulphides  of  antimony  and  tin,  after  being 
separated  from  the  other  metals  of  the  sulphuretted  hydrogen  group, 
are  estimated  as  above. 
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XL. — Decomjpositlon  of  Mannitol  and  Bextrose  hy  the  Bacillus 
ethaceticus. 

By  Percy  F.  Frankland,  Ph.D.,  B.Sc.  (Lond.),  F.R.S.,  and 
J.  S.  LuMSDEN,  B.Sc.  (St.  Andrews). 

Tn  previous  communications,  the  fermentative  changes  brought  about 
by  this  specific  microbe,  in  suitable  solutions  of  mannitol,  gljcerol, 
and  calcium  glycerate,  have  been  described  by  one  of  us.  It  has 
been  shown  that  in  all  these  cases,  almost  the  exclusive  products, 
excepting  the  gaseous  ones,  are  ethyl  alcohol  and  acetic  acid,  together 
with  varying  proportions  of  formic  acid  and  traces  of  succinic  acid. 
The  object  of  the  present  investigation  was,  firstly,  to  determine  the 
nature  of  the  gaseous  products,  and,  secondly,  to  endeavour  to  ascer- 
tain- the  quantitative  relationship  existing  between  the  various  pro- 
ducts of  these  fermentations,  in  the  same  manner  as  has  been  recently 
done  by  one  of  us  for  the  fermentations  induced  by  the  Fneumococcus 
(Fried! Under)  in  mannitol  and  dextrose. 

The  methods  adopted  were  substantially  the  same  as  those  described 
in  the  latter  communication,  a  given  quantity  of  the  3  per  cent,  solu- 
tions of  mannitol  and  dextrose,  respectively,  being  fermented  in 
bottles  provided  with  delivery-tubes,  so  as  to  admit  of  the  collection 
of  the  evolved  gases  over  mercury.  The  volume  of  gas  evolved  in 
each  case  was  measured,  and  representative  samples  were  submitted 
to  analysis,  whilst  in  the  liquid  left  after  fermentation  was  complete, 
the  alcohol  and  volatile  acids  were  determined,  according  to  the 
methods  already  fully  described. 

Fermentation  of  Mannitol. 

400  c.c.  of  a  3  per  cent,  solution  of  mannitol,  to  which  the  neces- 
sary nutritive  materials  had  been  added,  were  fermented  with  a  pure 
culture  of  the  B.  ethaceticus  at  a  temperature  of  36°. 

In  the  following  table  the  volumes  of  gas  collected  during  the 
course  of  the  fermentation  are  recorded  : — 


o.  of  days  after 

Total  volume  of 

inoculation. 

To] 

ume  of  gas. 

gas  collected. 

4 

Tube 

(1)    28-4  C.C. 

28-4  C.c. 

4 

(2)    37-0  „ 

65-4    „ 

4 

# 

(3)    13-2  ., 

78-6    „ 

5 

(4)  100-0  „ 

178-6    „ 

5 

(5)    17-8  „ 

196-4    „ 

6 

(6)    90-2  „ 

286-6    „ 
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No.  of  days  after 

Total  volume  of 

inoculation. 

Volume  of  gas. 

gas  collected. 

8 

Tube     (7) 

131-2 

c.c. 

417-8  C.C. 

10 

(8) 

116-0 

19 

533-8    „ 

12 

(9) 

89-0 

?> 

622-8    , 

15 

* 

(10) 

126-7 

)> 

749-5    , 

19 

(11) 

80-0 

,, 

829-5    , 

26 

(12) 

120-7 

ii 

950-2    , 

28 

(13) 

25-2 

?) 

975-4    , 

30 

(14) 

24-4 

5» 

999-8    , 

31 

(14a) 

21-4 

?» 

1021-2    , 

33 

# 

(146) 

19-2 

)i 

1040-4    , 

36 

(15) 

29-8 

>) 

1070-2    , 

43 

(16) 

53-0 

»» 

1123-2    , 

68 

* 

(17) 

126-0 

>» 

1249-2    , 

75 

(18) 

7-8 

59 

1257-0    , 

Thus,  the  total  volume  of  gas  collected  amounted  to  1257  c.c. 

The  progress  of  the  ferm.entation  is  most  clearly  indicated  by  means 
of  the  following  graphic  representation,  in  which  the  abscissae  denote 
lapse  of  time  in  days  since  inoculation,  and  the  ordinates,  the  volume 
of  gas  measui'ed  in  cubic  centimetres  : — 


Fermentation  of  Mannitol. 

1200              ~          -     -    -    - 

:___,^^^^_ 

_ i __^j.  =  =:- 

_a>^^ 

^ 

^* 

j>^ 

2^ 

3                                                -^'^ 

2 

600     --E_                        ____ 

1 

2                                                     _     IL                               ' 

t                                                  jl 

H^                                     ^     i  lb 

1              ^              ±                    i 

A      __                                                            j 

^"^                       -             ■  -  ^     _^± 

'10 


4<) 


60 


80 


Days  after  inoculation. 


Mr.  McCowan,  B.Sc,  Lecturer  on  Mathematics  and  Physics  in 
University  College,  Dundee,  has  again  most  kindly  come  to  our 
assistance  in  the  investigation  of  the  mathematical  properties  of  this 
curve,  of  which  he  finds  the  equation  to  be 


V  = 


IVltl 

1  +  0-049^  -h  0-00843> ' 
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in   which  v=  volume  of  gas  in  cubic  centimetres,  and  ^  =  time  in 
days  from  the  date  of  inoculation. 

The  manner  in  which  the  curve  fulfils  the  conditions  of  this  equa- 
tion may  be  gathered  from  the  following  comparisons  of  the  results 
of  calculation  and  observation  : — 


Bay. 

5 

Volume  of  gas 
(calculated  from  equation). 

190  c.c. 

Yolnme  of  gas 
(observed). 

78-6  C.c. 

10 

475    „ 

480-0    „ 

20 

829    „ 

829-5    „ 

30 

994    „ 

9900   „ 

40 

1080    „ 

1090-0    „ 

50 

1131    ., 

1170-0    „ 

60 

1162   „ 

1210-0    „ 

Thus,  just  as  in  the  case  of  the  curve  representing  the  evolution  of 
gas  in  the  fermentation  of  mannitol  by  the  Pneumococcus,  the  results 
of  observations  are  below  those  of  calculation  at  the  beginning,  and 
above  them  at  the  close,  of  the  fermentation,  which  is  doubtless,  to  a 
great  extent,  due  to  the  absorption  of  carbonic  anhydride  by  the 
liquid  at  the  commencement,  and  by  the  continued  decomposition  of 
bicarbonate  of  lime  at  the  termination  of  the  process. 

Samples  of  the  gas  thus  given  off  were  submitted  to  analysis,  and 
jn  the  preceding  table  (pp.432 — 433)  the  tubes  selected  for  examina- 
tion are  marked  with  a  *. 


Mannitol  Fermev  tatic 


Composition  of  gases  evolved  on 

Mean  (excluding 

4th  day. 

12th— 15th 
day. 

31st— 33rd 
day. 

43rd— 68th 
day. 

that  of  the  4th 
day). 

COo  .... 

o    

H 

]N 

47-36 
0-30 

48-76 
3  58 

58-03 
0-06 

41-89 
0  02 

60  TO 
0  06 

39-36 
0  08 

57-26 
0-32 

42  20 
0-22 

58-59 
0  15 

41-15 
Oil 

100-00 

100-00 

100  -00 

100 -00 

100 -00 

The  gaseous  products  are  thus  exclusively  carbonic  anhydride  and 
hydrogen,  just  as  has  already  been  shown  to  be  the  case  in  the  fer- 
mentation of  mannitol  with  the  Pneumococcus  (Friedlander)  ;  more- 
over, as  in  that  case  also,  the  gases  are  given  off  in  about  the  pro- 
portion of  6  volumes  or  molecules  of  carbonic  anhydride  to  4  volumes 
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or  molecules  of  hydrogen.  In  taking  the  average  above  we  have,  of 
course,  excluded  the  gas  collected  on  the  fourth  day,  when  air  was 
still  present,  and  when  absorption  of  carbonic  anhydride  by  the 
liquid  was  obviously  still  going  on. 

In  the  liquid,  after  the  fermentation  was  completed,  the  alcohol 
and  volatile  acids  were  determined  as  previously  described ;  the 
alcohol  being  first  oxidised  with  potassium  dichromate  and  sulphuric 
acid,  and  the  acetic  acid  so  formed  being  then  converted  into  barium 
salt,  whilst  the  volatile  acids  were  also  converted  into  barium  salts, 
weighed,  and  analysed. 

Thus  the  acid  obtained  by  oxidation  of  the  alcohol  yielded 
3*3835  grams  of  barium  salt,  yielding  90*92  per  cent.  BaS04. 

This  corresponds  to  1*221  gram  of  ethyl  alcohol. 

The  volatile  acids  gave  1*601  gram  of  barium  salt,  yielding  97*46 
per  cent.  BaSOi,  corresponding  to 

0*8652  gram  of  barium  formate  =:  0*3505  gram  of  formic  acid. 
0*7358         ,,  ,,         acetate    =  0*3463       „         acetic     ,, 


1*6010 


As  regards  the  gaseous  products,  assuming  the  whole  of  the 
1257  c.c.  of  gas  collected  to  have  the  composition  indicated  by  the 
average  figures  given  above  (58*59  per  cent.  CO2,  41*15  per  cent.  H), 
there  would  be  736*6  c.c.  of  carbonic  anhydride  or  1*452  gram,  and 
517*9  c.c.  of  hydrogen  or  0*046  gram.  Of  the  above  carbonic  anhydride, 
it  can  be  calculated  that  0  2946  gram  is  due  to  the  decomposition  of 
calcium  carbonate  by  the  acetic  and  formic  acids  libei*ated,  whilst  the 
remaining  1*1574  gram  is  due  to  the  actual  fermentation  of  the 
mannitol.  As  recently  pointed  out  by  one  of  us  (this  vol.,  p.  270), 
the  whole  of  the  hydrogen  with  its  molecular  equivalent  of  carbonic 
anhydride  may  in  these  fermentations  be  referred  to  a  preliminary 
liberation  of  formic  acid  which  has  subsequently  undergone  decompo- 
sition, CH2O2  =  CO2  +  H2.  Such  preliminary  liberation  of  formic 
acid  is  attested  by  the  fact  that  a  very  variable  quantity  of  formic 
acid  is  found  amongst  the  products  of  fermentation  ;  and  in  the 
present  instance  the  amount  of  formic  acid  which  had  thus  escaped 
decomposition  was  relatively  very  large.  It  is  obvious,  therefore, 
'that  in  computing  the  fermentation  products,  the  decomposed  formic 
acid  (represented  by  the  hydrogen  -f-  molecular  equivalent  of 
carbonic  anhydride)  should  be  added  to  the  formic  acid  actually 
found.  Adopting  this  plan,  the  fermentation  products  may  be  thus 
tabulated : — - 
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CjHeO 1-2210  gram. 

C^H.Oa   0  3463      „ 

r  0'35<  )5  gram  found ^ 

CH202<  H2 (found)..      0-04G gram  1    1-058  gram    U-4085      „ 

LcOo(0046x 22)  1-012    „      J   (calculated)  J 
CO2....      1-1674  gram         -         1-0120         =        01454:      „ 
(Due  to  fermenta-  (Due  to  decomposed 

tion.)  formic  acid.) 

In  endeavouring  to  interpret  these  results,  it  must  be  borne  in 
mind  that  the  figures  for  carbonic  anhydride  must  almost  certainly 
be  somewhat  low,  owing  to  a  portion  of  the  latter  remaining  dissolved 
in  the  liquid  and  thus  escaping  determination.  The  proportions  in 
which  the  other  products  are  formed  are  in  very  fair  harmony  with 
the  following  equation  : — 

3C6Hu06  +  H2O  =  C0H4O2  +  5C3H6O  +  5CH2O2  -f  CO2 ;        ' 

this  involves  the  proportions — 

C2H4O2.  SCaHgO.  5CH2O2,  CO2. 

60  230  230  44 

1  :  3-8  :  3-8  :         0-7 

Experimental  proportions — 

1:3-5:  41  :  0-4 

Carbonic 
Acetic  acid.  Alcohol.  Formic  acid.  anhydride. 

These  proportions  correspond,  moreover,  most  strikingly  with  those 
obtained  in  one  out  of  the  two  similar  experiments  made  by  one  of 
us  with  the  •  Fneumococcus  of  Friedlander  on  mannitol  (Trans.,  1891, 
59,  253),  thus  :— 

1:3-7:  4-1  :  07 

Carbonic 
Acetic  acid.  Alcohol.  Formic  acid.  anhydride. 

On  the  other  hand,  a  second  and  more  incomplete  fermentation  of 
mannitol  with  the  Fneumococcus  of  Friedlander  (loc.  cit.)  gave  dis- 
cordant results,  thus  : — 

1:2-2:  2-5  :  0 

Carbonic 
Acetic  acid.  Alcohol.  Formic  acid.  anliydride. 

Fermentation  of  Dextrose. 

Two  experiments  made  in  this  case  were  of  a  precisely  similar 
nature. 

First  Fa^jpenment. — 430  c.c.  of  a  3  per  cent,  solution  of  dextrose 
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containing  also  the  necessary  nutritive  materials  were  fermented 
with  a  pure  culture  of  B.  ethaceticiis,  the  fermentation  proceeding 
side  by  side  in  the  same  incubator  at  36°  with  that  of  the  mannitol 
described  above.     The  evolution  of  gas  was  as  follows  : — 


IS^o.  of  days  after 

Total  Tolume  of 

inoculation. 

Yolume  of  gas 

gas  collected. 

4 

Tube  (1)    44-0  ( 

3.C. 

44-0  c.c. 

4 

,      (2)     18-8 

?> 

62-8    „ 

5 

* 

,      (3)    90-0 

»» 

152-8   „ 

6 

,      (4)    600 

j> 

212-8   „ 

10 

* 

,      (5)  130-0 

?» 

342-8   „ 

12 

,      (6)    75-0 

J> 

417-8    „ 

15 

# 

,      (7)  10-2-1 

5» 

519-9   „ 

19 

,      (8)    66-0 

?J 

585-9   „ 

26 

* 

,      (9)  118-5 

J1 

704-4   „ 

28 

,    (10)    24-6 

?) 

729-0   „ 

30 

,    (11)    29-1 

5i 

758-1    „ 

31 

,    (12)    30-0 

» 

788-1    „ 

33 

* 

,    (13)    24-0 

J» 

812-1    „ 

36 

,    (14)    46-0 

5) 

858-1    „ 

43 

,    (15)    99-0 

)J 

957-1    „ 

51 

,    (16)    76-0 

>J 

10331   „ 

68 

# 

,    (17)  106-4 

M 

1139-5   „ 

75 

,    (18)      6-0 

55 

1145-5    „ 

Thus  the  total  volume  of  gas  collected  amounted  to  1145-5  c.c.  as 
compared  witb  1257*0  c.c.  in  the  fermentation  of  the  mannitol. 

We  may  again  indicate  the  progress  of  the  fermentation  by  means 
of  a  graphic  i^epresentation  in  which  the  abscissae  show  the  lapse  of 
time  in  days  from  the  inauguration  of  the  fermentation,  and  the 
ordinates  the  volume  of  gas  evolved,  measured  in  cubic  centimetres  : — 


Fermentation  of  Dextrose.     Nos.  1  and  2. 


1200 


600 


m 


'i^' 


:lt*_-_ 


Tf»S 


AH 


:*-= 


20  40  60 

Days  after  inoculation. 


80 
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On  comparing  this  curve  No.  1  with  that  for  the  mannitol  fer- 
mentation (p.  433),  it  will  be  seen  that  it  is  much  flatter  than  the 
latter,  although  it  is  essentially  of  the  same  character  as  is  shown  by 
the  equation  which  has  been  kindly  calculated  by  our  friend 
Mr.  McCowan.  Thus  the  convex  portion  of  the  curve  is  defined  by 
the  following  equation 

^  W 

'"       i  +  0-197t  +  0-0068^2 » 

in  which  v  =  volume  of  gas  in  cubic  centimetres,  and  t  =  time  in 
days  from  the  date  of  inoculation. 

The  coincidence  between  calculation  and  observation,  excepting  at 
the  extremities  of  the  curve,  where  the  same  departures  as  before  are^ 
noticeable,  is  again  very  close,  thus  : — 


Day, 
5 

Volume  of  gas 
(calculated  from  equation). 

128  c.c. 

Volume  of  gas 
(observed). 

62  8  C.C 

10 

301  „ 

330-0   „ 

20 

674  „ 

585-0    „ 

30 

759  „ 

770-0   „ 

40 

890  „ 

900-0    „ 

60 

988  „ 

1020-0    „ 

60 

1061  „ 

1100-0  „ 

In  the  second  fermentation  of  dextrose  (see  p.  437),  the  form  ol 
the  curve  is  much  more  like  that  of  the  mannitol  curve. 

Specimens  of  the  gas  evolved  at  different  stages  of  the  fermenta- 
tion were  submitted  to  analysis,  the  particular  tubes  being  marked  * 
in  the  table  on  p.  437.     Thus : — 

Dextrose  Fermentation.     No.  1. 


Composition  of  gases  evolved  on 

Mean 

r 

CO 

is- 

iH 

1 

00 

i 

excluding 

that  of 

4th— 5th 

day. 

COs.... 

O 

H 

N 

47-45 

0-10 

35-21 

17-24 

60-32 
0-11 

39-04 
0-53 

69-86 
0-10 

30-06 
000 

62-30 
0-08 

37-63 
0-00 

61-43 
0-13 

38-43 
0-01 

55-91 
0-55 

42-28 
1-26 

61-96 
0-19 

37-49 
0-36 

100-00 

100-00 

100-02 

100-01 

100  00 

100-00 

100-00 
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From  tiie  average  composition  of  tlie  evolved  gas,  ifc  appears  that 
the  proportion  of  carbonic  anhydride  to  hydrogen  is  distinctly 
greater  than  in  the  case  of  the  gas  given  off  in  the  fermentation  of 
niannitol. 

Assuming  that  the  whole  of  the  1145*5  c.c.  of  gas  collected  had 
the  average  composition  of  61 '96  per  cent,  carbonic  anhydride  and 
37*49  per  cent,  of  hydrogen,  there  would  be  710  c.c.  or  1*400  gram 
of  carbonic  anhydride  and  430  c.c.  or  0*039  gram  of  hydrogen. 

From  the  liquid,  after  the  close  of  the  fermentation,  there  were 
obtained,  after  oxidation  of  the  alcohol,  2*115  grams  of  barium  salt, 
yielding  90*97  per  cent,  of  barium  sulphate  and  corresponding  to. 
0*7632  gram  of  ethyl  alcohol ;  and,  from  the  volatile  acids,  2*026 
grams  of  barium  salt,  yielding  on  analysis  94*09  and  94*19  per  cent, 
of  barium  sulphate,  corresponding  to  a  mixture  of  0*7191  gram  of 
acetic  acid  with  0*2018  gram  of  formic  acid. 

Before  summarising  the  results  of  this  experiment,  we  would  refer 
to  the 

Second  Experiment,  which  was  made  under  similar  conditions  but 
at  quite  a  different  time,  The  solution  fermented  contained: — 
dextrose,  12  grams  ;  peptone,  0*4  gram  ;  salt  solution,  40  c.c. ;  calcium 
carbonate,  4  grams;  the  whole  being  diluted  to  400  c.c.  The  tem- 
perature during  the  greater  part  of  the  termentation  was  37 — 38°, 
whilst  after  it  was  practically  complete,  the  temperature  accidentally 
rose  above  40° ;  the  evolution  of  gas  took  place  as  indicated  bslow  : — 


No.  of  days  after 
inoculation. 

4 

Total  volute 
collected 
(corrected  to  0°  a 

45*4"^ 

e  of  gas 

n  c.c. 

nd  760  mm.). 

5 

187*0 

6 

305*0 

7 
9 

473*6 
665*1 

Temperature 

37—38°. 

13 

755*9 

20 

8400 

84 

957*0. 

39 

979-4 

45 

1002-6 

47 

1006*3 

m 

1034*0 

Total. 

SamplcR  of  the  evolved  gas  were,  from  time  to  time,  submitted  to 
analysis,  with  the  following  results  : — 
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I. 
5th  day. 

II. 

8th  day. 

IIT. 

12th  day. 

IV. 
33rd  day. 

V. 

39tli  day. 

Mean. 

CO...... 

0 

H 

]N- 

67-79 
0-10 

31-42 
0-69 

59-70 

0-08 

4012 

0-10 

57-30 
0  14 

42-61 
0-00 

65-38 
0-40 

33-52 
0-70 

66-20 
0-02 

33-76 
0-02 

63-27 
0-15 

36-29 
0-30 

100-00 

100-00 

100 -05 

100-00 

100  -00 

100-01 

The  average  composition  of  the  gas  is  thus  almost  identical  with 
that  evolved  in  the  first  experiment.  Assuming  that  the  whole  of  the 
10'^4  c.c.  of  gas  collected  contained  the  average  36'29  per  cent, 
hjdroeren,  and  that  the  remainder  was  wholly  composed  of  carbonic 
anhydride  (thus  neglecting  the  insignificant  traces  of  oxygen  and 
nitroo-en  found),  there  would  be  658*8  c.c.  carbonic  anhydride  or 
1-2986  gram,  and  375-2  c.c.  hydrogen  or  0-0336  gram. 

From  the  liquid  after  the  close  of  the  fermentation,  there  was 
obtained,  by  oxidation  of  the  alcohol,  1-3665  gram  of  barium  salt, 
yielding  90-28  per  cent,  and  90-14  per  cent.  BaS04,  con-esponding  to 
0-493  gram  of  ethyl  alcohol;  and  from  the  volatile  acids,  1-758  gram 
of  barium  salt,  yielding  93-94  per  cent,  and  93-92  per  cent.  BaS04, 
which  corresponds  to  a  mixture  of  0-159  gram  of  formic  acid  with 
0'641  gram  of  acetic  acid.  Making,  again,  the  same  calculations  as 
described  in  the  case  of  the  mannitol  fermentation  (see  p.  435),  the 
results  of  these  two  dextrose  fermentations  may  be  summarised  as 
^follows : — 

Fermentation  of  Dextrose. 
I.  (430  c.c.  of  3  per  cent.  Dextrose  Solution.) 

CoHoO 0-7632  gram. 

C2H4O2 0-7191      „ 

0-2018  gram  (found) ^ 

CH2O2  <  H2  (found)  0-039  gram I  1-0988 

CO2  (0-039  X  22)  0-858  gram  (  ^'^f^  ^^^  f  ^'^^"^• 
^  ^  ^         I  (calculated)J 

CO2 1-0398  gram     -      0-8580  gram     =     0-1818  gram. 

(Due  to  fermenta-  (Due  to  decomposed 

tion.)  formic  acid.) 

II.  (400  c.c.  of  3  per  cent.  Dextrose  Solution.) 

CaHfiO 0-8375      „ 

C2H4O2. 0-6410     „ 

r  0-1600  gram  (found) y 

CH2O2  <  ^2  (found)  0-0336  gram   [^0-9328 

I CO2  (00336  X 22)  0-7392 gram  |  ^'^^^^^^ ^^^^^  }  ^''^^- 

L  (calculated) -/ 
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CO2 0-9876  gram     —      0-7392  gram 


0-2484  gram. 


(Due  to  fermenta- 
tion.) 


(Due  to  decomposed 
formic  acid.) 


We  liave  evidence  tliat  what  is  recorded  above  as  carbonic  anhydr- 
ir'e  (over  and  above  that  due  to  decomposed  formic  acid)  is  derived 
from  the  decomposition  of  the  calcium  carbonate  by  an  unidentified, 
fixed  acid,  insoluble  in  ether.  For  in  the  second  of  these  two  experi- 
ments we  have  determined  the  total  calcium  carbonate  which  passed 
into  solution  during  fermentation,  and  found  it  to  be  1*368  gram, 
corresponding  to  0-6019  gram  carbonic  anhydride,  which  represents 
the  carbonic  anhydride  liberated  by  the  action  of  all  the  acids  formed 
on  the  calcium  carbonate.  But  the  carbonic  anhydride,  due  to  the 
action  of  the  formic  and  acetic  acids  can  be  calculated  to  be  0-3110 
gram,  leaving  0*2909  gram  of  carbonic  anhydride,  due  to  the  decom- 
position of  the  calcium  carbonate  by  the  unidentified  acid.  This 
point  is  particularly  interesting,  as,  if  the  above  0*6019  gram  carbonic 
anhydride,  due  to  decomposition  of  the  calcium  carbonate,  be  deducted 
from  the  total  carbonic  anhydride  found  by  gas  analysis,  namely,  1-2986 
gram,  the  remainder,  0*6967  gram  of  carbonic  anhydride,  is  almost 
exactly  what  is  required  (viz.,  0-7392  gram  CO2)  to  produce  formic 
acid  with  the  hydrogen  found.  The  fermentation  thus  consists  of 
the  decomposition  of  the  dextrose  with  formation  of  ethyl  alcohol, 
{icetic  acid,  formic  acid  (the  greater  part  of  which  decomposes  into 
carbonic  anhydride  and  hydrogen),  an  unidentified  fixed  acid,  in- 
soluble in  ether,  together  with  traces  of  succinic  acid,  the  presence 
of  which  we  have  found  in  subsequent  experiments  described  below. 
The  several  products  appear  in  the  following  molecular  proportions  : — 


Fermentation  of  Dextrose. 

No.  1. 

No.  2. 

Weig:ht8 

Molecular* 

weights 

Molecules. 

Weights 

Mol'-cular* 

weights 

Molecules. 

Molecules 
(mean) . 

CoHfiO  

0  -01()6 
0-0120 
0 -0239 

(0-0076)* 

2  2 

1-6 
3-1 

1 

0-0182 
0  0107 
0  0:^03 

o-oone 

2-8 
1-6 
31 

1 

2-5 

CII4O2 

1  -6 

CH0O2 

3-1 

CO-2  equivalent  of! 
unidentified  acid  j 

1 

*  As  the  CO2  equivalent  of  the  unidentified  acid  was  not  determined  in  this 
fermentation,  it  has  been  here  calculated,  assuming  this  acid  to  have  been  formed 
in  the  same  proportion  to  the  acetic  and  formic  acids  as  in  Fermentation  No.  2. 
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The  coincidence  between  the  results  obtained  in  these  two  fer- 
mentations, although  carried  on  with  an  interval  of  six  months 
between  them,  is  very  striking. 

We  have  also  carried  out  a  number  of  fermentations  of  dextrose 
•with  B.  ethaceticus  in  open  flasks  (plugged  with  cotton  wool),  in 
■which,  of  course,  the  gaseous  products  had  to  be  neglected.  The 
results  of  these  fermentations  may  be  summarised  as  follows : — 

No.  1. — 60  grams  of  dextrose  in  2000  c.c.  of  liquid  were  fer- 
mented.    The  fermentation  lasted  about  five  weeks. 

By  oxidation  of  the  alcoholic  portion,  there  were  obtained — 

Barium  salts,  16-062  grams  (yielding  91*32  per  cent.  BaS04), 
corresponding  to  ethyl  alcohol  5*794  grams. 

The  volatile  acids  gave  11*9135  grams  of  barium  salt  (yielding 
90*39  per  cent.  BaSO^),  corresponding  to  acetic  acid  5*606  grams. 

Weig"hts 

Molecular         =         Molecules, 
weights 

C.HeO 0*126  1-4 

CJI.O, 0-093         '  1*0 

No.  2. — 60  grams  of  dextrose  in  2000  c.c.  of  liquid  were  submitted 
to  fermentation.  The  fermentation  lasted  only  about  three  weeks.  B}' 
oxidation  of  the  alcoholic  portion  there  were  obtained — 

Barium  salts  19*5315  grams  (yielding  91*41  per  cent.  BaS04), 
corresponding  to  ethyl  alcohol  7*047  grams. 

The  volatile  acids  gave — 

Fraction  I.     7*244  grams  of  barium  salt  (yielding  96*39  per  cent. 

BaSOO- 
Fraction  II.  3*228  grams  of  barium  salt  (yielding  95*27  per  cent. 

BaSO^. 

Which  corresponds  to — 

3*989  grams  of  barium  formate  =  1*617  gram  formic  acid. 
6*483  grams  of  barium  acetate   =  3050  grams  acetic  acid. 

Weights 

Molecular         =         Mole.cules. 
weights 

CiHeO 0*153  3-0 

C0H4O0   0*051  1*0 

CH2O2 0*035  0*7 

This  is  the  only  one  of  these  four  fermentations  conducted  in  open 
flasks  in  which  we  have  observed  the  production  of  any  considerable 
proportion  of  formic  acid  ;   in  the   remaining  three,  formic  acid  was 


AND   DEXTROSE   BY   THE   BACILLUS  ETHACETICUS.  443 

practically  absent.  The  exceptional  production  of  formic  acid  in 
open  fermentations  of  mannitol  has  previously  been  observed  by  one 
of  us,  and  is  in  this  case  not  improbably  connected  with  the  unusually 
short  duration  of  the  fermentation. 

No.  3.— 30  gframs  of  dextrose  in  1000  c.c.  of  liquid  were  employed 
for  fermentation;  the  fermentation  lasted  about  7  weeks. 

By  oxidationof  the  alcoholic  portion  there  were  obtained  : — • 

Barium  salts  8'145  grams  (yielding  91"2i  per  cent.  BaS04),  corre- 
sponding to  ethyl  alcohol  2'939  grams. 

The  volatile  acids  gave — 

3*488  grams  of  barium  salts  (yielding  89"70  per  cent.  BaSOi), 
corresponding  to  1"641  gram  of  acetic  acid. 


C^HsO        

Weights 
Molecular 
weights 
0-064 

Molecules. 

2-4 

C0H4O2 

0-027 

1-0 

No.  4. — 30  grams  of  dextrose  in  1000  c.c.  of  liquid  were  employed 
for  fermentation.     The  fermentation  lasted  about  six  weeks. 

By  oxidation  of  the  alcoholic  portion  there  were  obtained — 

Barium  salts  7'159  grams  (yielding  90-59  per  cent.  BaSOi),  corre- 
sponding to  ethijl  alcohol  2'582  grams. 

The  volatile  acids  gave — 

5*876  grams  of  barium  salts  (yielding  91-29  per  cent.  BaSOj), 
corresponding  to  2-765  grams  of  acetic  acid. 

Weights 


Molecular         =         Molecules, 
weights 

CaHeO 0-056  1-2 

CaHA 0-046  1-0 

The  results  of  our  investigation  may  be  summarised  as  follows  :  — 

1.  The  principal  products  of  the  fermentation  of  mannitol  and 
dextrose  by  JB.  ethaceticus  are  ethyl  alcohol,  acetic  acid,  carbonic 
anhydride,  and  hydrogen. 

2.  When  the  fermentation  is  conducted  in  a  closed  space,  as  when 
the  gases  evolved  are  collected  over  mercury,  formic  acid  is  also  an 
invariable  product,  whilst  in  fermentations  conducted  in  an  open 
space  {e.g.,  flasks  plugged  with  cotton  wool),  formic  acid  is  an  excep- 
tional product.  This  may  be  accounted  for  by  supposing  that  some  of 
the  carbonic  anhydride  and  hydrogen  evolved  are  m  the  first  instance 
liberated  in  the  shape  of  formic  acid,  and  that  this  undergoes  less 
complete  decomposition  when  it  is  constrained  to  remain  in  contact 
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with  its  decomposition  products — carbonic  anhydride  and  hydrogen 
— as  is  the  case  when  the  fermentation  is  condncted  in  a  closed 
space. 

3.  The  decomposition  of  the  mannifcol  may  be  thus  represented  — 

SCeHuOe  +  H2O  =  a.H.Oa  +  SC^HeO  +  SCHo.O^  +  CO3. 

Even  in  the  fermentations  conducted  in  a  closed  space,  the  greater 
part  of  the  formic  acid  in  question  is  decomposed,  whilst  in  open 
ferment itions  the  whole  generally  undergoes  complete  resolution 
into  carbonic  anhydride  and  hydrogen,  formic  acid  in  any  quantity 
being  only  exceptionally  found  amongst  the  products. 

4.  In  the  case  of  the  fermentatioii  of  dextrose  we  have  shown 
that  there  is  formed,  in  addition  to  the  above  products,  a  fixed  acid 
insoluble  in  ether,  which  we  have  not  yet  identified,  but  the  carbonic 
anhydride  equivalent  of  which  we  have  determined. 

The  products  of  the  dextrose  fermentation  are  liberated  in  the 
following  molecular  proportions  : — 

CaHgO 2*5  molecules, 

C,U,0, 1-6 

CH2O2 31 

CO2  equivalent  of  uniden- 
tified acid I'O 


?j 


Thus  in  the  fermentation  of  dextrose  the  proportion  of  acetic  acid 
to  alcohol  and  formic  acid  is  greater  than  in  the  case  of  the  mannitol. 
In  the  case  of  the  mannitol  fermentation,  it  is  almost  certain,  also, 
tliat  there  is  a  fixed  acid  insoluble  in  ether  formed  in  addition  to  the 
products  indicated,  and  the  molecule  of  carbonic  anhydride  given 
in  the  equation  above  doubtless  represents  its  equivalent,  and  has 
been  obtained  through  the  decomposition  of  calcium  carbonate  by 
this  unidentified  acid. 

5.  The  fermentations  in  a  closed  space  are  always  found  to  be 
very  markedly  less  complete  than  those  conducted  under  circum- 
stances permitting  of  the  free  diffusion  of  the  gaseous  products. 

6.  The  close  qualitative  and  quantitative  resemblance  which  we 
have  established  as  existing  between  the  decompositions  brought 
about  by  B.  ethaceticus  and  the  Pneumocorcas  point  to  this  e^,hacetic 
fermentation  being  a  yqvj  general  one  which  not  improbably  can  be 
brought  about  by  a  number  of  different  microorganisms. 
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XLI. — Flatinous  Chloride  and  its  Use  as  a  Source  of  Chlorine. 

By  W.  A.  Shenstoxe,  Lecturer  on  Cliemistry  in  Clifton  College,  and 

C.  R.  Beck. 

Ix  a  report  read  at  tlie  Cardiff  meeting  of  the  British  Association,  it 
was  stated  that  chlorine  obtained  by  the  decomposition  of  platinous 
chloride  had  been  found  by  one  of  us  to  contain  hydrogen  chloride 
and  oxygen,  together,  with  a  trace  of  an  inactive  gas,  which  was  sup- 
posed to  be  nitrogen. 

As  platinous  chloride  has  been  described  by  Y.  and  C.  Meyer 
(Bar.,  12,  1429)  as  easily  to  be  obtained  in  a  pure  state,  and  as  it  has 
been  used  by  them  for  the  prepara.tion  of  chlorine  in  some  important 
and  well  known  experiments,  it  appeared  to-  us  worth  while  to  inves- 
tigate the  subject  thoroughly  ;  a  more  complete  investigation  seemed 
to  be  all  the  more  desirable,  because,  soon  after  the  meeting  at  Cardiff, 
we  met  with  an  account  of  some  interesting  experiments  by  M.  Leon 
Pigeon  (Compt.  rend.,  112,  121B),  /in  which  he  described  a  new  and 
apparently  superior  method  of  preparing  this  compound. 

Before  we  dBScribe  our  examination  of  the  gases  generated  by 
heating  pla^tiaous  chloride,  we  wish- to  call  attention  to  the  following 
points  in  connection  with*  this  salt  which  have  generally  been  over- 
looked by- chemists.'  ^ 

1.  Platinous- chloride,  when  heated  to  decomposition,  gives  a  dis- 
tinct sublimate.  This  has  previously  beenobserved  by  G.  Matthey 
(Proc.  Boy.  Soc,  28,  464)  ;  hence  the  results  of  analyses  of  this  salt 
made  by  simple  ignition,  either  in  a  crucible  or  in  a  current  of  inactive 
gas,  cannot  be  depended  on. 

The  properties  of  the  sublimate  are  not  always  those  of  platinous 
chloride.  It  is  sometimes  a  yellowish,  fusible  substance,  converted 
by  rather  strong  heat  into  a  red,  infusible  solid ;  sometimes  this  red, 
infusible  substance  is  obtained  in  the  first  instance. 

2.  If  well-made  platinous  chloride  is  decomposed  by  heat  in  an 
exhausted  tube  of  rather  greater  capacity  than  is  necessary  for  the 
gas  that  will  be  liberated,  a  distinct  deposit  of  water  can  usually  be 
observed  on  the*  sides  of  the  tube,  even  when  the  tube  and  salt  have 
previously  been  rather  strongly  heated  in  a  vacuum,  and  have  not 
again  been  exposed  to  the  air.  This  water  is  evidently  neither  attached 
water,  nor  water  of  crystallisation.  It  is  far  too  strongly  held.  We 
liave  made  an  attempt  to  determine  its  amount  in  the  case  of  a  par- 
ticul  irly  good  specimen  of  platinous  chloride,  prepared  by  the  process 
lately  described -by  Pigeon,  of  which  we  give  a  brief  account  later  on. 
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()"970  gram  of  the  salt,  when  heated  in  a  current  of  dry  air,  gave 
()0u2429  gram  of  water,  equal  to  0*248  per  cent.  As  the  proportion 
of  chlorine  in  platinous  chloride  is  no  more  than  26*04  (theoretically), 
this  quantity  of  water  is  by  no  means  insignificant. 

The  determination  of  the  water  was  very  carefully  made.  The 
phosphoric  oxide  used  to  dry  the  air  and  to  absorb  the  water  was  pre- 
pared by  prolonged  heating  in  oxygen ;  it  was  examined  for  chlorine 
at  the  end  of  the  experiment,  and  was  fully  protected  during  the 
experiment  from  the  access  of  any  water  except  that  from  the 
platinum  salt.  The  weighings  were  taken  by  the  method  of  vibra- 
tions, and  the  possible  effect  of  change  of  temperature  was  counter- 
acted in  the  usual  manner. 


Examination  of  the  Chlorine  from  Platinous  Chloride. 

The  Material  Employed. — The  experiments  described  at  Cardiff 
were  made  witli  platinous  chloride  from  three  distinct  sources,  one,  a 
preparation  made  by  one  of  us ;  the  others,  preparations  from  well 
known  makers  of  fine  chemicals.  In  the  experiments  now  described 
we  used — 

a.  A  specimen  of  platinous  chloride  made  by  ourselves  from  pure 
platinum,  kindly  supplied  to  us  by  Messrs.  Johnson  and  Matthey. 
This  salt  was  prepared  in  the  usual  manner  by  heating  chloroplatinic 
acid  in  a  current  of  dry  filtered  air.  It  was  found  afterwards  to  be 
practically  iasoluble  in  cold  water,  but  to  be  slightly  attacked  by 
warm  water. 

b.  A  specimen  prepared  by  heating  crystals  of  chloroplatinic  acid 
in  an  exhausted  tube,  together  with  a  large  excess  of  solid  potash, 
the  substance  being  successively  heated  to  100 — 200°,  and  then  to 
the  boiling  point  of  mercury  during  many  days  at  each  temperature, 
as  recommended  by  Pigeon  (loc,  cit.).  This  w^as  practically  insoluble 
both  in  cold  and  warm  water. 

c.  A  specimen  of  platinous  chloride  obtained  from  a  well  known 
German  firm.  This  was  readily  attacked  by  water,  both  hot  and  cold. 
These  preparations  differed  to  some  extent  in  appearance,  but  none 
of  them  appeared  to  be  hygroscopic.  All  gave  off  water,  as  above 
stated,  when  decomposed  by  heat. 

Method  of  Collecting  and  Analysing  the  Gases  obtained  from  Platinous 
Chloride. — Although  the  volume  of  gas  to  be  analysed  in  each  case 
was  fairly  large,  the  proportion  of  some  of  its  constituents  was  very 
small,  and  therefore,  after  the  chlorine  had  been  removed,  we  hud  to 
deal  with  residues  containing  several  constituents,  whose  volume 
rarely  exceeded  1  cc,  and  frequently  was  far  less  than  this.     As  we 
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have  aUempted  to  analyse  these  small  residues  accurately,  we  give 
our  method  in  some  detail. 

Fia.  1. 


About  a  quarter  of  a  gram,  or  rather  more,  of  platinous  chloride 
was  introduced  into  the  end  A  of  the  hard  glass  tube  shown  in  Fig.  1. 
I'his  tube  was  of  such  a  capacity  that  it  would  not  be  quite  filled  by 
the  gases  from  the  platinous  chloride  used.  The  end  A  was  then 
sealed.  Phosphoric  oxide  was  introduced  into  B,  and  the  tube 
attached  to  a  Sprengel  pump  and  exhausted.  As  soon  as  the  tube 
was  well  exhausted,  the  chamber  C  and  the  platinous  chloride  in  A 
were  heated  somewhat  strongly,  the  salt  being  heated  until  signs  of 
decomposition  showed  themselves. 

The  action  of  the  pump  was  afterwards  continued  for  some  time ; 
finally  the  tube  was  sealed  at  I)  after  the  state  of  exhaustion  had 
been  measured  by  means  of  a  McCleod  gauge.  The  platinous  chloride 
was  then  decomposed,  the  residue  of  platinum  removed  by  melting  off 

A,  and  the  chlorine  preserved  in  the  dark  for  many  hours.*  Afterwards 

B,  with  the  phosphoric  oxide,  was  removed,  and  we  then  had  a  tube 
nearly  filled  with  well-dried  chlorine,  as   shown  in  Fig.  2,  with  the 

Fia.  2. 


ends  A  and  B  drawn  out  very  fine,  so  that  they  might  easily  be 
broken  off.  A  scale  of  equal  divisions  was  attached  to  this  tube 
from  1  to  2 ;  its  end  B  was  thoroughly  dried  by  warming  it,  and  was 
plunged  into  a  basin  of  recently  distilled  mercury  which  had  been 
heated  to  120',  and  cooled  in  air  dried  by  sulphuric  acid.  B  was 
broken  off  under  the  mercury,  and  as  soon  as  the  first  inrush  of  mer- 
cury ceased,  the  usual  observations  for  finding  the  volume  of  the  gas 
were  made  ;  the  absorption  of  the  chlorine  by  the  mercury  was  then 
allowed  to  proceed  and  carefully  observ^ed. 

The  rate  at  which  this  absorption  proceeds  appears  to  be  very  dis- 
tinctly connected  with  the  presence  or  absence  of  moisture.  It  is,  we 
believe,  also  conditioned  by  the  presence  of  other  substances,  such  as 

*  The  experiments  had  a  twofold  object.  We  only  deal  with  one  of  these 
objects  in  this  paper.  For  this  reason  the  exposure  of  the  chlorine  to  phosphoric 
oxide  was  of  varied  duration. 
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hydrogen  chloride,  and  is  greatly  affected  by  the  presence  of  dilutin^^ 
gases.  We  are  investigating  this  subject.  After  the  chlorine  had 
disappeared,  which  can  be  recognised  by  the  mercury  no  longer 
exhibiting  a  disposition  to  adhere  to  the  glass  (see  p.  452),  we 
attached  the  tube  to  the  apparatus  for  collecting  and  examining  the 
residue,  shown  in  Fig.  3.      This   will    almost   explain   itself.     The 

Fig.  3. 


tube  A  containing  the  residue  to  be  examined  was  attached  very 
securely  by  very  thick  india-rubber  tube  to  the  capillary  tube  B, 
which  together  with  the  india-rubber  tube  and  the  rest  of  the  ap- 
paratus had  been  filled  with  mercury  beforehand,  the  three-way  taj) 
was  turned  to  bring  B  into  connection  with  C,  and  the  reservoir  K 
lowered  until  there  was  a  barometric  vacuum  in  C ;  any  air  that 
had  remained  in  B  passed  into  C,  and  was  easily  expelled  by  way 
of  d.  The  reservoir  was  then  again  lowered,  and  the  vacuum  main- 
tained for  some  time  to  test  the  condition  of  the  joints.     We  found 
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that  when  the  apparafus  was  in  proper  order  the  leakage  was  exceed- 
ingly small,  and  we  are  satisfied  that  no  appreciable  error  is  intro- 
duced in  this  way  during  the  few  minutes  in  each  analysis  when  the 
gas  is  under  reduced  pressure.  This  opinion  is  confirmed  by  the 
results  of  experiments  that  we  shall  have  another  opportunity  of 
mentioning. 

When  all  was  right,  the  tip  E  of  A  was  broken  off,  the  gas  in  A 
drawn  into  C,  and  all  further  communication  of  C  with  the  india- 
rubber  joints  was  afterwards  avoided. 

The  volume  of  the  g»s  in  C  was  next  measured  by  expanding  it  to 
a  known  volume  at  the  mark  ¥  (about  2  c.c),  and  its  temperature 
and  pressure  were  noted.  Air-free  agents  were  afterwards  intro- 
duced from  D  in  the  proper  order  and  in  very  small  volumes,  and  the 
volume  of  the  residue  left  by  each  was  determined.  The  density  of 
the  agents  employed  was  known,  and  the  layer  of  these  above  the 
mercury  in  C  was  allowed  for  in  calculating  the  pressure  of  the  gas. 
We  believe  that  this  method  of  working  allowed  us  to  analyse  very 
small  quantities  of  gas  with  considerable  accuracy. 

In  our  earlier  experiments,  we  modified  the  process  just  described 
by  attempting  to  examine  the  undried  gHses  from  platinous  chloride. 
We  had  not  then  learnt  that  the  proportion  of  water  given  off  by  the 
salt  is  so  considerable  as  we  afterwards  found  it  to  be.  The  results 
of  these  first  experiments  were  rather  unexpected.  We  found  that 
the  absorption  of  the  chlorine,  which,  with  the  assistance  of  agita- 
tion, could  be  easily  completed  in  about  an  hour,  was  followed  by  a 
secondary  absorption  that  occupied  a  much  longer  time,  and  that  the 
residue  finally  obtained  was  very  much  smaller  than  those  met  with 
by  one  of  us  at  an  earlier  stage,  when  residues  amounting  to  nearly 
5  per  cent,  of  the  original  gas  were  obtained.  Thus  in  one  analysis 
we  had  only  0'5  per  cent,  of  residue,  which  was  almost  entirely 
oxygen  ;  in  another,  we  had  a  residue  of  0'6  per  cent.,  also  chiefly 
oxygen ;  and  a  sample  of  chlorine  prepared  from  salt  made  by 
Pigeon's  process  yielded  less  than  1-5  per  cent,  of  residue  when  exposed 
to  damp  mercury,  as  compared  with  more  than  3  per  cent,  when  the 
experiment  was  conducted  in  the  dry  way.  Part  of  this  difference 
may  have  been  due  to  the  trace  of  water  present  dissolving  some  of 
the  hydrogen  chloride,  but,  from  the  slowness  of  the  secondary  absorp- 
tion, it  Beems  almost  certain  that  it  was  largely  in  consequence  of 
some  action  between  one  or  more  of  the  gases  present  and  mercury, 
or  perhaps  between  one  or  more  of  the  gases  and  the  products  of  the 
action  of  chlorine  on  mercury,  which  usually  include  both  calomel 
and  mercuric  chloride. 

These  results  show  that  when  the  purity  of  chlorine  is  tested  by 
means  of  mercury,  the  results  are  not  to  be  trusted  unless  the  gas 
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has  been  well  dried  before  it  is  brought  into  contact  with  the  mer- 
cury, and  they  illustrate  well  the  kind  of  error  that  ought  to  be  care- 
fully watched  for  by  those  who  study  the  chemical  or  physical 
properties  of  chlorine. 

Having  thus  failed  to  get  trustworthy  results  when  examining  the 
damp  gas,  we  next  proceeded  to  make  analyses  with  carefully  dried 
gas  exactly  in  the  manner  described  above,  with  the  results  shown 
in  the  following  table.  Only  one  analysis  was  made  in  each  case, 
partly  because  each  experiment  takes  up  a  very  considerable  period  of 
time,  and  partly  because  the  general  character  of  the  results  confirms 
those  of  previous  experiments  and  entirely  settles  the  main  question 
that  we  desired  to  investigate.  It  is  worth  pointing  out  that  it  is  nob 
impossible  that  even  these  final  experiments,  though  they  were  con- 
ducted with  great  care,  afford  a  somewhat  imperfect  measure  of  the 
impurity  of  the  chlorine  from  platinous  chloride,  because  we  have 
at  present  no  certainty  that  the  secondary  actions  observed  in  the  case 
of  the  damp  gas  are  absent  in  the  case  of  the  dry  gas. 


No.  of 
experi- 
ment. 

Chlorine, 
per  cent. 

Hydrogen 
chloride, 
per  cent. 

Oxygen, 
per  cent. 

Residue, 
per  cent. 

1 

2 

3 

98-52 
97-51 
96-89 

0-61 
1-66 

1-95 

0-81 
0-77 
1-13 

0-06 
0-05 
0-02 

Uxperiment  1  was  made  with  chlorine  from  a  German  preparatioa. 
In  this  case  the  salt  was  slightly  overheated  in  a  vacuum  whilst 
attached  to  the  pump. 

Mvperiment  2  with  chlorine  from  a  preparation  made  by  us  in  the 
usual  way. 

Experiment  3  with  chlorine  from  a  preparation  made  by  Pigeon's 
process. 

The  residues  given  in  the  fifth  column  were  only  to  a  very  small 
extent  due  to  imperfect  exhaustion  of  the  tubes.  They  probably 
partly  represent  leakage,  and  afford  some  evidence  of  the  absence  of 
any  serious  error  from  this  cause.  They  may  have  consisted 
partly  of  carbon  monoxide,  as  alkaline  pyrogallol  was  employed  to 
absorb  the  oxygen. 


General  Coti elusions. 

The  results  of  our  experiments  have  led  us  to  the  following  general 
conclusions  : — 
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1.  That  the  chlorine  obtained  by  the  decomposition  of  platinous 
chloride  is  usually  impure,  and  that  the  impurities  consist  of  variable 
proportions  of  hydrogen  chloride  and  oxygen,  wibh  water  and,  perhaps^ 
a  trace  of  nitrogen.  These  impurities  have  been  found  in  six  speci- 
mens of  chlorine,  prepared  from  six  distinct  preparations  of  platinous 
chloride. 

2.  That  platinous  chloride,  when  prepared  by  any  of  the  processes 
at  present  recommended,  usually  contains  a  small  quantity  of  some 
basic  compound.  It  is  true  that  several  observers  have  found  that 
the  proportion  of  chlorine  in  the  salt  approximates  pretty  closely  to 
that  required  for  the  formula  PtCla.  Some  of  the  analyses  on  which 
these  statements  are  based  were,  however,  made  by  methods  which 
show  that  the  volatility  of  the  salt  had  been  overlooked,  whilst  the 
analyses  of  M.  Pigeon,  which  are  not  open  to  this  objection,  gave,  we 
notice,  only  996  of  platinum  and  chlorine  in  100  parts  of  the  salt. 
]f  to  this  we  add  the  amount  of  water  found  in  our  experimei  t, 
Ave  have  still  only  accounted  for  99*85  parts  in  100  parts  of  the  salt 
taken. 

The  amounts  of  hydrogen  chloride  and  oxygen  found  in  our  final 
exact  analyses  do  not  bear  any  simple  or  even  any  fixed  relation  to 
each  other.  This  may  be  partly  attributed  to  the  difficulty  of  heating 
the  salt  exactly  to  the  same  degree  in  any  two  experiments  during 
exhaustion  and  afterwards.  We  suspect  that  the  hydrogen  chloride  is 
expelled  before  the  oxygen,  for  we  observe  that  in  Experiment  1  the 
proportion  of  hydrogen  chloride  found  is  very  low.  Now,  in  this  ex- 
periment, the  preliminary  heating  of  the  salt  in  a  vacuum  was  carried 
slightly  too  far  ;  the  salt  was  heated  until  the  evolution  of  chlorine  had 
fully  commenced,  instead  of  to  a  slightly  lower  temperature,  as  in  the 
other  cases.  The  irregularity  which  we  notice  may,  however,  be  due 
partly  to  a  secondary  absorption  of  hydrogen  chloride,  such  as  we  have 
already  discussed  in  connection  with  the  earlier  experiments  with 
damp  chlorine.* 

Perhaps  the  most  important  conclusion  to  be  drawn  from  the  ex- 
periments we  have  made,  including  many  that  we  do  not  now 
describe,  is  that  the  preparation  of  chlorine,  even  moderately  free 
from  impurities,  is  a  matter  of  far  greater  difficulty  than  has  usually 
been  supposed.  It  seems  to  us  that  before  chlorine  is  employed  in 
any  i-esearch  in  which  its  purity  is  important,  a  sample  of  the  gas 
to  be  used  should  be  carefully  examined.  We  call  attention  to  this 
point,  as  the  precaution  in  question  has  not,  we  believe,  always  been 
taken  in  the  past.     Although  we  have  obtained  chlorine  more  free 

*  It  will  be  found  tliat  a  salt  containing  platinum,  chlorine,  oxygen,  and  liydro- 
gcn,  when  decomposed,  may  not  improbably  give  difl'erent  products  under  diflerent 
circumstances. 
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from  impurities  than  any  specimen  that  we  have  obtained  from 
platinous  chloride,  we  liave  not  yet  obtained  any  that  we  can  describe 
as  pure.  We  hope,  however,  soon  to  supplement  this  paper  by  a 
communication  on  this  subject. 


XLII. — Note  on  the  Adhesion  of  Mercury  to   Glass  in  the  ^presence  of 

Halogens. 

By  W.  A.  Shenstoxe, 

In  my  earlier  experiments  on  the  action  of  chlorine  on  mercury,  my 
attention  was  very  quickly  called  to  a  peculiar  phenomenon  which  I 
have  not  hitherto  seen  described. 

It  is  probably  known  to  nearly  all  chemists  that  when  clean 
mercary  is  exposed  to  the  influence  of  ozonised  oxygen  the  mercury 
loses  its  meniscus  and  exhibits  a  decided  tendency  to  adhere  to  clean 
glass.  Perhaps  the  prettiest  method  of  showing  this  action  is  to 
deliver  ozonised  oxygen  into  a  test-tube  full  of  mercury,  when,  if  the 
gas  be  admitted  intermittently  in  bubbles  of  proper  size,  the  mercury 
may  be  made  to  form  thin  films  which  adhere  to  the  test-tube,  divid- 
ing it  into  a  series  of  chambers  by  discs  of  mercury.  It  is  still  a 
little  uncertain  whether  this  action  of  ozone  depends  on  the  oxidation 
of  the  mercury  or  not.  Some  experiments  described  to  the  Society 
by  Mr.  Cundall  and  myself,  a  few  years  ago,  seemed  to  suggest  that 
it  is  independent  of  any  oxidising  action,  though  by  themselves  the 
experiments  are  not,  perhaps,  quite  conclusive. 

When  I  first  attempted  to  detect  the  presence  of  other  gases  in 
chlorine  by  absorbing  the  latter  by  means  of  mercury,  I  found  that 
in  the  presence  of  chlorine,  mercury  acquires  this  power  of  adhering 
to  glass  in  a  remarkable  degree,  so  that,  if  chlorine  be  delivered  into 
a  tube  filled  with  mercury,  the  tube  is  entirely  coated  with  the 
metal,  and  the  prenence  of  the  gas  can  only  be  detected  by  the  light- 
ness of  the  tube.  Similarly  the  rise  and  fall  of  the  mercury  in  a 
gauge  is  entirely  obscured  by  the  presence  of  chlorine  in  the  gas 
under  examination.  This  has  rather  hampered  Mr.  Beck  and  myself 
sometimes.*     On  the  other  hand,  the  phenomenon  has  been  of  use,  as 

*  It  has  been  suggested  by  Dr.  A.  E-ichardson  that  this  might  be  overcome  by  the 
employment  of  a  layer  of  sulphuric  acid  above  the  mercury.  My  own  experience, 
liowever,  suggests  that  the  risk  of  introducing  sulphur  dioxide  into  the  apparatus 
iu  this  way  is  considerable. 
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it  has  enabled  as  to  deterrnine  with,  considerable  exactness  the  point 
at  which  the  absorption  of  chlorine  by  mercury  from  mixtures  of 
gases  becomes  complete,  and  without  its  aid  it  is  certain  that  we 
should  hav'e  overlooked  the  peculiar  secondary  absorption  in  the 
presence  of  moisture,  which  we  have  alluded  to  in  the  preceding 
paper. 

The  action  seems  to  occur  equally  vv^ell  with  damp  and  very  dry 
chlorine. 

I  have  thought  it  worth  while  to  examine  the  behaviour  of  bromine 
and  iodine  with  mercury,  and  I  find  that  bromine  exhibits  the  same 
phenomenon  in  a  marked  degree.  The  bromine  employed  was 
purified  by  prolonged  digestion  with  potassium  bromide,  then 
distilled  off,  and  placed  in  small  bulbs.  These  were  placed  in  strong 
glass  tubes  containing  phosphoric  oxide.  The  tubes  were  exhausted, 
sealed,  and  the  bulbs  of  bromine  were  broken  ;  after  half  an  hour,  the 
phosphoric  oxide  was  removed,  and  one  end  of  the  tube,  which  now 
only  contained  bromine  vapour,  was  a.ttached  to  a  reservoir  con- 
taining recently  distilled  mercury,  the  tip  of  the  tube  was  broken,  and 
a  little  mercury  admitted  ;  the  mercury  was  found  at  once  to  adhere 
to  the  glass  quite  as  freely  as  in  the  presence  of  ozone.  An  essentially 
similar  experiment  was  made  with  specimens  of  iodine  that  had  been 
purified  by  Stas'  method  some  years  ago  and  preserved  in  vacuous 
glass  bulbs,  with  the  result  that  thiti  also  acts  similarly,  but  ap- 
parently in  a  far  less  marked  manner. 

In  all  these  cases  the  phenomena  described  were  quickly  followed 
by  others  which  showed  that  combination  had  taken  place. 


XLTII. — Researches  on  Silicon  Compounds  and  their  Derivatives. 
Part  IV.  The  Action  of  Silicon  Tetrachloride  on  Substituted 
Fhenylamines, 

By  J.  Emerson  Reynolds,  M.D.,  D.Sc,  F.R.S.,  Professor  of  Chemistry, 
University  of  Dublin. 

It  has  been  already  shown,  in  the  course  of  this  investigation  (Part  V, 
Trans.,  1889,  55,  474),  that  silicon  tetrabromide  and  tetrachloride 
react  with  aniline,  orthotoluidine,  paratoluidine,  and  a-  and  ft' 
naphthylamine,  producing  a  new  class  of  compounds,  of  the  form 
Si(RNH)4. 

So  far  only  primary  bases  were  examined,  but  it  seemed  desirable 
to  extend  the  inquiry  to  secondary  and  tertiary  bases,  of  which  di- 
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piienylamine,  ethylaniline,  and  diethylaniline  seemed  best  suited  for 
my  immediate  purpose.  The  results  obtained  with  these  substances 
are  recorded  in  the  following  pages. 

Silicon  Tetrachloride  and  Diphenylamine. 

17  grams  of  silicon  tetrachloride,  diluted  with  benzene,  were  added 
to  a  nearly  saturated  benzene  solution  of  140  grams  of  "  pure  "  di- 
phenylamine obtained  from  Kahlbaum.  There  was  not  any  sensible 
rise  in  temperature  on  the  addition  of  the  silicon  chloride,  nor  did 
any  solid  matter  separate  on  standing,  but  the  liquid  assumed  a  dark- 
brown  colour.  The  mixture  did  not  fume  when  exposed  to  the  air, 
as  do  even  very  dilute  benzene  solutions  of  silicon  chloride;  it  was, 
therefore,  evident  that  combination  of  some  kind  had  taken  place. 
The  liquid  was  now  gently  warmed,  and  the  benzene  distilled  off, 
almost  completely,  from  a  water-bath.  The  benzene  distillate  was 
found  to  be  rich  in  silicon  tetrachloride.  This  result  was  so  un- 
expected, that  the  amount  of  the  chloride  which  had  volatilised  was 
determined,  and  found  to  be  12  6  grams,  or  about  three-fourths  of 
the  whole.  The  cause  of  the  disappearance  of  the  remaining  fourth 
was  now  sought  for,  and  for  this  purpose  the  residual  liquid  was 
mixed  with  four  times  its  volume  of  light  petroleum;  the  latter 
determined  the  separation  of  a  comparatively  small  quantity  of  a 
brownish  precipitate,  w^hich  was  found  to  contain  silicon  and  chlorine. 
After  the  removal  of  this  precipitate,  the  light  petroleum  was  dis- 
tilled off,  and  the  solution,  on  cooling,  became  nearly  solid,  owing  to 
the  separation  of  unchanged  diphenylamine. 

To  this  was  then  added  the  first  benzene  distillate,  rich  in  silicon 
chloride,  without  causing  any  change  of  colour ;  after  digesting,  as 
before,  the  benzene  was  distilled  off,  and  this  time  carried  with  it  all 
the  silicon  chloride  last  added,  ar.d  the  residue,  when  treated  with 
light  petroleum,  did  not  aflord  any  precipitate.  It  is,  therefore, 
certain  that  the  small  proportion  of  silicon  chloride  which  disap- 
peared in  the  first  instance  was,  in  fact,  used  up  by  some  impurity 
in  the  diphenylamine ;  but  the  diphenylamine  purified  in  the  first 
instance  by  silicon  chloride  did  not  retain  silicon  at  the  temperature 
of  boiling  benzene. 

The  contrast  between  the  action  of  the  silicon  tetrachloride  on 
phenylamine  and  on  diphenylamine,  is,  therefore,  very  strongly 
marked.  In  the  former  case,  and  in  presence  of  even  relatively  large 
proportions  of  diluting  benzene,  the  following  change  rapidly  takes 
place  at  ordinary  temperatures,  and  is  accompanied  by  evolution  of 
much  heat: — 

SiCh  +  8PhNH2  =  Si(PhNH)4  +  4PhNH3Cl. 
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Dipbenylamine,  on  the  other  hand,  even  in  presence  of  very  little 
benzene,  only  forms  a  very  feeble  addition  compound  with  silicon 
tetrachloride  at  ordinary  temperatures,  and  this  is  wholly  broken  up 
at  81°,  leaving  the  diphenylamine  intact,  if  pure.  The  effect  of  the 
substitution  of  one  of  the  atoms  of  hydrogen  in  the  amido-group  of 
phenylamine  by  phenyl,  in  preventing  the  removal  of  the  remaining 
hydrogen  atom  by  interaction  with  silicon  tetrachloride,  is  especially 
remarkable,  in  view  of  the  facts  recorded  below  relative  to  the  action 
of  the  silicon  haloid  on  ethylphenylamine,  that  is,  ethylaniline. 

Silicon  Tetrachloride  and  Ethylaniline. 

25  grams  of  silicon  tetrachloride,  mixed  with  benzene,  were 
gradually  added  to  145  grams  (rather  more  than  8  mols.)  of  recently 
distilled  and  nearly  colourless  ethylaniline,  previously  diluted  witli 
3  vols,  of  benzene.  The  mixture  became  warm,  and  assumed  a 
greenish  colour,  which  increased  until  about  half  the  silicon 
chloride  was  added ;  it  then  changed  to  pale-brown  when  the  mixture 
was  complete.  Very  soon  a  granular,  crystalline  mass  separated, 
whi"h  was  filtered  o:ff  after  24  hours.  This  was  well  washed  with 
cold  benzene,  and  twice  recrystallised  from  the  boiling  liquid,  when 
it  was  obtained  pure  as  a  felted  mass  of  fine,  colourless  needles.  The 
melting  point  was  172 — 178**. 

0-1048  gram  gave  0-0946  gram  of  AgCl  =  22-32  per  cent,  of  CI. 
Theory  for  NEtPhHaCl  requires  22-54  per  cent,  of  CI. 

The  compound  was,  therefore,  ethylaniline  hydrochloride.  The 
liquid,  filtered  from  the  hydrochloride,  was  concentrated  by  distilling 
off  some  benzene,  and  then  mixed  with  its  own  volume  of  light 
petroleum ;  the  latter,  however,  only  caused  the  separation  of  a  small 
additional  quantity  of  the  hydrochloride — nearly  50  grams  of  which 
had  separated  up  to  this  stage  of  the  treatment.  As  the  light 
petroleum  failed  to  separate  a  silicon  compound,  the  solvent  was 
removed  by  distillation  in  a  current  of  dry  hydrogen,  and  then  (since 
treatment  with  carbon  bisulphide  had  also  failed  to  cause  crystallisa- 
tion) the  residue  was  carefully  heated  to  196°,  in  order  to  expel  all 
solvents,  without  distilling  off  any  material  amount  of  the  free  ethyl- 
aniline which  was  probably  present. 

The  residual  liquid,  which  was  brown  and  somewhat  thick,  held  in 
solution  a  silicon  compound  and  a  considerable  quantity  of  hydro- 
chloride, the  latter  of  which  very  slowly  crystallised  out.  As  all 
treatment  with  solvents  had  failed  to  separate  the  hydrochloride  from 
the  silicon  compound,  and  the  properties  of  the  liquid  indicated  the 
presence  of  some  free  eth}  laniline,  the  following  plan  was  adopted  for 
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removing  the  latter,  and  tlius  siraplifying  the  problem  : — Chlorine  and 
silicon  were  determined  in  the  liquid;  the  percentages  found  were 
5  95  of  CI  and  2-94  of  Si.  On  the  hypothesis  that  the  former  was 
wholly  present  as  ethylaniline  hydrochloride,  and  the  silicon  as  the 
supposed  new  compound,  Si(PhNEt)5,  the  respective  percentages  are 
26'39  of  the  hydrochloride  and  53'35  of  the  silicon  compound. 
Assuming  the  residual  20-26  per  cent,  to  consist  wholly  of  free  ethyl- 
aniline,  enough  silicon  chloride  was  added  to  completely  interact  with 
the  free  base,  and  make  it  affoid  a  further  quantity  of  hydrochloride 
and  of  silicon  compound. 

The  liquid  was  treated,  as  above,  with  the  requisite  quantity  of 
silicon  tetrachloride,  mixed  with  a  little  benzene,  and  heat  was 
evolved.  As  anticipated,  the  hydrochloride  now  separated  out  much 
more  freely,  and,  after  standing  for  24  hours,  was  removed  by  filtra- 
tion under  pressure.  The  deep-brown  filtrate  was  then  mixed  with 
2  vols,  more  of  light  petroleum,  which,  even  on  standing,  caused  but 
a  small  amount  of  hydrochloride  to  separate,  and  further  dilu- 
tion with  light  petroleum  had  little  effect.  The  solvents  were  then 
distilled  from  the  filtered  solution,  and  the  residual  liquid  heated  until 
there  was  no  further  loss.  The  residue  was  allowed  to  stand  over 
oil  of  vitriol  until  crystallisation  ceased,  and  the  liquid  portion  was 
sealed  up  in  a  tube  and  set  aside  for  several  months.  As  no  further 
crystals  separated,  the  liquid  was  analysed,  with  the  following 
results  : — 

1-3365  gram  gave  0-1096  gram  of  SiOa  =  3824  per  cent,  of  Si. 
0-6265  gram  gave  01645  gram  of  AgCl  =  649  per  cent,  of  CI. 

Corresponding  to : — 

69-95  per  cent,  of  Si(T^EtPh)4. 
28-60      „         „     NEtPhHsCl. 

The  ratio  of  silicon  compound  to  hydrochloride  is  1  :  1*3.  All 
attempts  to  separate  the  constituents  by  solvents  gave  negative  re- 
sults, and  fractional  distillation  in  a  vacuum  led  to  decomposition. 
Whether  the  material  is  a  liquid  compound  of  the  hydrochloride  and 
silicon  tetraphenylethylamide  or  a  solution  of  the  hydrochloride  in 
the  silicon  compound,  there  is  no  doubt  that  the  latter  is  formed  by 
the  interaction  of  silicon  tetrachloride  and  ethylaniline.  Hence  the 
substitution  of  ethyl  for  hydrogen  in  aniline  does  not  interfere  with 
the  general  course  of  the  interaction  with  silicon  tetrachloride  ;  while 
the  exchange  of  phenyl  for  hydrogen  in  aniline  prevents  such  inter- 
action altogether,  as  shown  in  the  case  of  diphenylamirae. 
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Silicon  Telrachloride  and  Diethylaniline. 

25  grams  of  silicon  tetrachloride,  diluted  with  benzene,  were  added 
to  175  grams  of  recently  distilled  diethylaniline  boiling  at  213 — 214°, 
also  diluted  with  rather  less  than  an  equal  volume  of  benzene.  The 
temperature  of  the  mixture  rose  a  few  degrees  and  the  colour  changed 
from  pale  yellow  to  brown;  after  standing  for  half  an  hour,  crystal- 
line plates  separated,  but  in  comparatively  small  quantity. 

The  mixture  was  then  heated  at  90''  under  slight  pressure  for  eight 
hours  without  materially  increasing  the  amount  of  the  crystals,  and 
^vas  subsequently  distilled  until  a  volume  of  distillate  was  obtained 
greater  than  that  of  the  benzene  used.  The  distillate  fumed  strongly 
and  evidently  contained  a  silicon  compound  ;  this  proved  to  be  un- 
changed silicon  tetrachloride,  22'5  grams  of  which  were  present  in 
ihe  distilled  liquid.  Hence  only  2-45  grams  had  reacted  with  the 
diethylaniline.  The  residual,  brown  liquid  from  w^hich  benzene  and 
silicon  chloride  had  been  removed  did  not  fume  on  exposure  to  air, 
and,  on  cooling,  gave  a  small  crop  of  the  crystals  already  mentioned  ; 
the  latter  were  collected  and  rec ry stall ised  from  benzene.  They  did 
not  contain  silicon  : — 

0-2162  gram  gave  0*1665  gram  of  AgCl  =  19-04  per  cent.  CI. 
Theory  for  CeHs-NEtgHCl  requires  19-13  per  cent,  of  CI. 

The  liquid  filtered  from  the  crystals  of  hydrochloride  was  then 
distilled;  a  few  drops  came  over  below  200^,  but  the  te-nperature 
quickly  rose  to  21.S — 214°,  at  which  unchanged  diethylaniline  was 
obtained,  accompanied  by  a  small  amount  of  hydrochloride,  which 
}>artially  volatilised  with  the  vapour  of  the  free  base  and  even  with 
benzene  ;  when  but  a  small  residue  was  left,  decomposition  began  and 
the  operation  was  stopped.  This  residue,  when  cold,  was  a  pasty 
mixture  of  hydrochloride  and  a  silicon  compound,  but  the  quantity 
of  the  latter  was  too  small  for  satisfactory  separation,  as  solvents  did 
not  completely  remove  unchanged  hydrochloride  from  it. 

An  attempt  was  made  to  increase  the  interaction  in  the  following 
way: — 17*5  grams  of  pure  diethylaniline  and  2-5  grams  of  silicon 
chloride  were  mixed  in  a  pressure  tube  and  the  latter  sealed.  Crystals 
separated  as  when  benzene  was  used.  The  contents  of  the  tube  were 
then  gradually  heated  to  140"^  and  kept  at  that  temperature  for  an 
hour,  but  no  marked  change  occurred,  and  the  temperature  was  raised 
to  190°  for  half  an  hour.  A  brown  liquid  resulted,  and  crystals  of  the 
hydrochloride  separated  on  cooling  ;  but  not  in  greater  proportion 
than  in  the  first  experiment.  When  the  tube  w^as  opened,  no  trace  of 
ethyl  chloride  could  bo  detected,  but  unchanged  silicon  chloride  was 
easily  distilled  off,  and,  subsequently,  diethylaniline,  leaving  a  small 
silicfeous  residue. 
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Hence  diethylaniUne  and  silicon  tetrachloride  interact  to  a  very 
pmall  extent  even  at  190°,  and  the  NEtz  group  is  not  attacked,  since 
ethyl  chloride  is  not  separated. 

On  the  other  hand,  the  formation  of  the  small  amount  of  diethyl- 
aniline  hydrochloride  obtained  involves  the  removal  of  some  hydrogen 
from  the  phenyl  residue ;  hence  it  is  probable  that  the  pasty 
s'liceous  mixture  left  after  removal  of  excess  of  silicon  chloride  and 
diethylaniline  contained  the  compound  Si(C6H4']N'Et2)4. 

Therefore,  the  substitution  of  phenyl  for  but  1  atom  of  hydrogen  in 
aniline  confers  on  the  resulting  base  greater  immunity  from  attack  by 
silicon  tetrachloride  than  replacement  by  ethyl  of  part  or  all  the 
amidic  hydrogen  of  aniline. 

University  Laboratory, 

Trinity  College,  Dublin. 


XLIV.— CONTRIBUTIONS  FROM   THE  LABORATORIES  OF 
THE  HERIOT  WATT  COLLEGE. 

Action  of  Nitric  Acid  on  Oxanilide  and  Similarly  Constituted 
Substances. 

By  A.  G.  Peekin. 

The  nitro-derivatives  of  the  aromatic  amines  such  as  nitraniline,  &c., 
are  usually  prepared  eitlier  by  the  direct  action  of  nitric  acid  on  the 
amines  themselves,  or  on  their  acetyl  compounds,  the  latter  method 
being  most  generally  employed.  In  this  way  one  nitro-group  may  be 
readily  introduced  into  the  amine,  but  subsequent  nitration  of  the 
mononitro-derivative  can  only  with  difficulty  be  accomplished.  Thus 
metadinitraniline  may  be  prepared  by  the  hydrolysis  of  dinitracet- 
anilide,  but  as  the  latter  is  difficult  to  obtain  in  any  quantity,  other 
methods  of  preparation  have  from  time  tc  time  been  proposed,  as  for 
instance,  heating  a-chlorometadinitrobenzene  with  alcoholic  ammonia, 
&c.,  but  all  these  methods  are  difficult  to  carry  out  on  any  scale. 

Trinitraniline,  on  the  other  hand,  has  not  been  obtained  direct  from 
aniline  or  its  derivatives,  and  the  method  employed  in  preparing  it 
is  so  tedious  that  it  is  difficult  to  obtain  in  any  quantity.  These  con- 
siderations led  me  to  undertake  experiments  with  the  object  of  pre- 
paring these  substances  and  their  homologues  readily  and  in  quantity. 
During  the  course  of  the  expeiiments,  I  noticed  that  oxanilide,  when 
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treated  with  nitric  acid,  is  converted  not  only  into  dinitroxanilide, 
(CO*]S'H'CfiH4'NOo)2,  but  also  qaite  readily  and  almost  quantitatively 
into  tetranitroxanilide,  [CO-]S'H-C6H3(N02)3]2,  and  into  hexanitrox- 
anilide,  [CO*NH-C6H2(-N^02)n]25  according  to  the  conditions  employed. 
These  derivatives,  on  hydrolysis,  yield  the  corresponding  nitr- 
anilines,  thus — 

[CO-NH-C6H3(N02)2]2  +  2H2O  =  2C6H,(NO,)3T^H2  +  C2H2O4, 

and 

[CO-N-H-C6H2(N02)3]2    +    2H2O    =    2C6H2(N02)3-NH2    +    C2H2O4. 

Similarly,  on  nitrating  ortho-  and  para-oxalotoluidides,  tetranitro- 
derivatives  of  these  compounds  are  obtained,  the  yield  in  these  cases 
also  being  nearly  quantitative ;  hoxanitro -ortho-  and  para-oxalotolu- 
idides, however,  could  not  be  prepared  by  these  methods.  On  hydro- 
lysis these  tetranitro-derivatives  yielded  the  corresponding  dinitro- 
toluidines. 

The  res  alts  obtained  in  the  study  of  the  action  of  nitric  acid  on  the 
oxalyl  derivatives  of  a-  and  ^-naphthylamine  were  not  so  satisfactory, 
for  it  was  found  that  although  dinitro-derivatives  rould  be  readily 
obtained,  yet,  owing  to  the  less  stable  nature  of  these  compounds,  they 
were  decomposed  on  further  treatment  into  tetranitro-derivatives  of 
the  corresponding  carbamides. 

Thus,  oxalo^-naphthylide,  on  treatment  with  nitric  acid,  yields,  in 
the  first  place,  dinitroxalo-/3-naphthylide,  (CO'NHCioHe'N'Oa)^,  and 
then  tetranitro-^-dinaphthylcarbamide,  CO*[]SrH*CioH5(N'02)2]2- 

It  seems  probable  that  the  nitration  of  the  oxalyl  compounds  of 
other  amines,  with  the  study  of  which  I  am  still  engaged,  may  prove 
a  ready  means  of  obtaining  nitramines,  which  can  otherwise  only  be 
prepared  with  difficulty. 

Preparation  of  Oxanilide  and  its  Homologues. 

Daring  the  course  of  these  experiments,  it  was  thought  desirable  to 
find  a  means  of  preparing  these  compounds  rapidly  and  in  a  state  of 
purity,  and  for  this  purpose  it  was  necessary  to  obtain  some  high 
boiling  liquid  which  would  form  a  solvent  both  for  the  amines  them- 
selves and  also  for  the  oxalyl  compounds  of  the  same.  The  best 
solvent  for  this  purpose  was  found  to  be  that  portion  of  the  so-called 
coal  tar  "cresylic  acid"  which  boils  below  200°,  consisting  chiefly  of 
a  mixture  of  the  cresols. 

To  prepare  the  oxalyl  compound,  the  oxalate  of  the  amine  was 
added  to  the  boiling  cresylic  acid  as  long  as  it  dissolved,  and  then  boiled 
for  a  few  minutes.     On  cooling,  crystals  of  the  pure  oxalyl  compound 
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separated,  and  were  collected  upon  a  cloth  or  gauze  filter  and  washed 
with  benzene. 

An  analj^sis  of  oxaloparatoluidide  prepared  in  this  way  gave  the 
following  result : 

0-1639  gram  gave  14-9  c.c.  N ;  ^  =  17°  ;  bar.  =  7-50  mm. 

Theory  for 
-       (CONH-C6H4-CH3)2.  Found. 

N 10'4;4  per  cent.  10-40  per  cent. 

As  would  be  expected  by  the  use  of  such  a  high  boiling  solvent,  the 
oxalyl  compounds  are  obtained  by  this  method  in  crystals  of  large 
size  and  much  beauty,  and  the  whole  operation  can  be  performed  in  a 
very  short  time. 

Tetranitroxanilide,  CuHsNeCo  =  [CONH-C6H3(N'0,)2]2 
[NH  :  NO2  :  NO3  =  1  :  2  :  4]. 

When  finely-powdered  oxanilide  is  added  to  nitric  acid  of  sp.  gr.  1'5, 
it  is  energetically  attacked  and  dissolved,  forming  in  the  first  instance 
a  clear  solution,  but  on  adding  more,  crystals  of  the  dinitro-compound 
separate,  and  after  a  short  time  the  whole  sets  to  a  thick,  creams- 
mass.  On  heating  the  product  with  the  addition  of  sufficient  acid  to 
form  a  clear  solution,  and  then  slowly  distilling  off  the  acid,  colourless 
needles  gradually  separate.  These  are  collected  on  a  glass  wool  filter, 
washed  with  nitric  acid,  then  with  glacial  acetic  acid,  and  dried.  By 
evaporating  the  acid  filtrate  a  further  quantity  of  the  tetranitrox- 
anilide may  be  obtained. 

On  analysis,  the  substance,  dried  at  100°,  gave  the  following  num- 
bers : — 

0-2060  gram  gave  35  c.c.  N. ;  ^  =  13° ;  bar.  =  745  mm. 

Theory  for 
[CONH-C6H3(N02)2]2-  Found. 

"N" 20-0  per  cent.  19-67  per  cent. 

The  substance,  which  is  pure  tetranitroxanilide,  is  obtained  by  this 
method  as  a  colourless,  glistening  mass  of  needles.  By  crystallisation 
from  a  large  excess  of  fuming  nitric  acid  these  can  be  obtained  an 
inch  and  more  in  length.  It  is  insoluble  in  most  of  the  usual  solvents, 
and  but  moderately  soluble  in  nitrobenzene  and  phenol  ;  a  mixture  of 
fuming  nitric  and  acetic  acids  is  a  good  solvent  for  it.  It  does  not 
melt  below  270°,  but  when  heated  in  a  test  tube  it  melts  to  a  brownish 
liquid,  which,  at  a  slightly  higher  temperature,  is  suddenly  decom- 
posed, forming  a  c'.oud  of  black  vapour.  Hot  aniline  dissolves  it, 
forming  a  yeUow  solution,  which,  on  cooling,  deposits  reddish-orange 
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plates  of  an  aniline  compound  mixed  with  colourless  needles  of  the 
original  substance,  but  these  compounds  could  not  be  readily  separated 
from  one  another. 

Teti*anitroxanilide  can  also  be  prepared  by  the  action  of  a  well-cooled 
mixture  of  nitric  acid  (sp.  gr.  1*5,  2  parts)  and  sulphuric  acid  (1 
part)  on  oxanilide,  and  pouring  the  product  into  water. 

The  yield  obtained  by  the  first  method  is  theoretical,  1  gram  of 
oxanilide  yielding  1"749  grams  of  tetranitroxanilide  ;  theory  requirini^ 
1"75  grams. 

Hydrulijsis  of  Tetranitroxanilide. — Tetranitroxanilide  does  not  dis- 
solve in  cold  concentrated  sulphuric  acid,  but  on  heating  the  mixture 
to  160 — 165°,  it  slowly  dissolves  with  evolution  of  gas  and  formation 
of  an  orange-coloured  solution.  On  pouring  this  into  water,  yellow 
fiocks  are  precipitated  ;  this  precipitate,  when  collected,  washed  with 
water,  and  dried  at  100°,  crystallises  from  glacial  acetio  acid  in  plates 
which  melt  at  175°.  On  analysis,  the  following  numbers  were  ob- 
tained : — 

01 905  gram  gave  37-8  c.c.  N  ;  ^  =  14° ;  bar.  =  745  mm. 

Theory  for 
C6Hs(NO.)2-NH2.  Found. 

N 22-95  per  cent.  22-82  per  cent. 

The  substance  is,  therefore,  dinitraniline  [NH2  :  NO2  :  NO3  = 
1:2:  4]. 

Prepared  in  this  way,  dinitraniline  is  obtained  at  once  in  a  pure 
state,  one  crystallisation  being  sufficient  to  render  it  pure  enough  for 
analysis.     The  yield  is  as  follows  : — 

0*2  gram  of  tetranitroxanilide  gave  0*1425  gram  of  crude  dinitr- 
aniline, or  82  per  cent,  of  the  theoretical.  Theory  requires 
0-174  gram. 

Potash  solution  dissolves  tetranitroxanilide  only  very  sparingly  in 
the  cold,  forming  an  orange-coloured  solution,  but,  on  heating,  it 
dissolves  very  readily,  forming  a  deep-red  solution,  which,  on  boiling, 
gradually  deposits  yellow  crystals.  On  cooling,  the  liquid  becomes 
filled  with  these.  After  crystallisation  from  glacial  acetic  acid,  they 
are  obtained  as  yellow  plates,  which  melt  at  175°  and  have  all  the 
properties  of  metadinitraniline.  The  dinitraniline  is  pure,  and  the 
yield  by  this  method  is  as  follows :  — 

1  gram  of  tetranitroxanilide  gave  0-714  gram  of  dinitraniline. 
Theory  requires  0-8714  gram.     Yield  =  81-59  per  cent. 
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Hexanitroxanilide,  CuHeNgOu  =  [CO-N'H-CeH.XNO.Oala 
[NH  :  NO2  :  NO2  :  NO2  =  1  :  2  :  4  :  6]. 

When  tetranitroxanilide  is  added  to  a  mixture  of  sulphuric  acid 
and  nitric  acid  (sp.  gr.  1"6),  it  does  not  dissolve,  and  no  action  takes 
place.  On  warming  gradually  to  the  boiling  point,  however,  a  change 
occurs.  The  needles,  without  apparently  going  into  solution,  suddenly 
become  transformed  into  minute  plates,  and  the  mixture  assumes  a 
satiny  appearance.  The  product  is  poured  into  a  large  bulk  of  water, 
and  the  crystalline  mass  collected,  washed  with  water,  and  dried. 

On  analysis,  the  following  numbers  were  obtained  : — 

0-1248  gram  gave  23-8  c.c.  N;  i^  =  14° ;  bar.  =  754  mm. 
0-1628  „  0-1995  gram  CO2  and  0*0259  gram  H.,0. 

Found. 

Theory  for  f * .^ 

[CO-NH-C6H2(N02)3]2.         I.  11. 

C 32-94  p.  c.  —  33-41  p.  c. 

H 1-17     „  —  1-44     „ 

N 21-96     „  21-87  —      „ 

This  same  substance  can  also  be  readily  prepared  by  acting  on 
oxanilide  with  a  boiling  mixture  of  fuming  nitric  and  sulphuric  acids. 
Hexanitroxanilide  forms  a  beautiful,  satiny  mass  of  minute,  thin 
plates.  It  dissolves  in  fuming  nitric  acid  to  a  much  less  extent  than 
the  tefcranitro-compound,  and  is  only  moderately  soluble  in  phenol 
and  nitrobenzene.  Heated  in  a  capillary  tube,  it  darkens  at  220°  and 
fuses  with  decomposition  between  255°  and  260°. 

Hexanitroxanilide  is  distinguished  by  its  great  stability  towards 
mixtures  of  fuming  nitric  and  sulphuric  acids  even  at  elevated  tem- 
peratures. After  being  heated  in  a  sealed  tube  with  these  acids  at 
170°  for  three  hours,  it  was  practically  unaltered,  and  in  another  ex- 
periment, when  heated  under  similar  conditions  at  210°  for  one  hour, 
it  had  been  but  slightly  attacked. 

The  yield  from  the  tetranitro-compound,  if  the  reaction  is  carefully 
carried  out,  is  nearly  theoretical,  thus  : — 

1    gram    of   tetranitroxanilide  gave    1*1705    grams    of    hexanitr- 
oxanilide.    Theory,  1*214  grams. 

From  oxanilide  the  yield  is  also  good  : — 

1    gram    of    oxanilide   gave    2'01     grams    of    hexanitroxanilide. 
Theory,  2-1  grams. 

Hydrolysis  of  Hexanitroxanilide. — Hexanitroxanilide  is  insoluble  in 
cold  sulphuric  acid,  but  at  a  temperature  of  170 — 180°  it  gradually 
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dissolves  with  evolution  of  gas,  forming  an  orange-coloured  solution, 
which  deposits  yellow  flocks  on  pouring  into  water.  These  were 
collected,  washed,  and  dried,  and  crystallised  from  glacial  acetic  acid. 
The  substance  thus  obtained  crystallised  in  orange  plates  having  a 
steel-blue  reflex,  melted  at  188°,  and  showed  all  the  properties  of 
trinitraniline. 

On  analysis,  the  following  numbers  were  obtained  : — 

0-1437  gram  gave  29*8  c.c.  N  ;  ^  =  15° ;  bar.  =  764^  mm. 


Theory  for 
24*56  per  cent.  24*42  per  cent. 


xneorj  lor 
C6H2(N02)3-NH2.  Found. 

N  . , 24*56  per  cent. 


The  amount  obtained  from  0*2  gram  of  hexanitroxanilide  was 
0*1380  gram  or  69  per  cent.  In  another  experiment,  116  grams  of 
hexanitroxanilide  gave  0*78  gram  or  69  per  cent.  Theory  requires 
89*41  per  cent. 

The  yield  found  is,  therefore,  practically  80  per  cent,  of  that  re- 
quired by  theory,  so  that  the  yield  of  trinitraniline  from  aniline  would 
be  200  per  cent,  by  weight. 

The  action  of  alkalis  on  hexanitroxanilide  is  not  similar  to  the 
action  on  the  tetranitro-compound,  as  no  trinitraniline  is  obtained. 
It  dissolves  very  sparingly  in  cold  aqueous  alkali,  more  readily  so  on 
boiling,  with  the  formation  of  an  orange-coloured  solution.  This 
solution  was  acidified,  a  slight  quantity  of  suspended  matter  filtered 
off,  and  the  filtrate  extracted  with  ether.  The  ethereal  solution,  on 
evaporation,  deposited  a  gelatinous  mass  of  yellow  needles,  which 
were  obtained  in  a  colourless  condition  on  recrystallisation  from 
alcohol. 

I  am  at  present  engaged  with  the  investigation  of  this  substance. 


Bimtroxalorthotoluidide,  CieHu-N'lOe  =  (CO-NH-C6H3(N02)-CH3)2 
[CH3:NH2:N02=  1:2:  5]. 

When  oxalorthotoluidide  is  added  to  a  boiling  mixture  of  glacial 
aeetic  acid  (2  parts)  and  nitric  acid  (sp.  gr.  1*5,  1  part),  it  dissolves, 
forming  a  colourless  solution,  which,  on  cooling,  deposits  crystals, 
which  are  collected  and  purified  by  crystallisation  from  phenol. 

On  analysis,  the  following  numbers  were  obtained  : — 

01 190  gram  gave  20*1  c.c.  N. ;  ^  =  13°;  bar.  =  745  mm. 

Theory  for 
CONHCfiH3(N02)CH-, 
CO-NH-CbH3(N02)-CH3'  Found. 

"N 15*64  per  cent.  15*62  per  cent. 


464  PERKIN:   ACTION   OF  NITRIC   ACID  ON   OXANILIDE 

Dinitroxalorthotoluidide  forms  long,  colourless,  flat  needle?,  which 
inelt  above  260",  and  can  be  sublimed  with  partial  decomposition. 

When  heated  with  concentrated  sulphuric  acid,  it  dissolves,  and  on 
pouring  it  into  water,  an  almost  colourless  solution  is  obtained.  On 
adding  ammonia  to  the  hot  solution  and  cooling,  beautiful  yellow 
plates  of  nitrotoluidine  are  deposited,  Avhich,  after  recrystallisation 
from  water,  melt  at  130°. 

Tetranitroxalorthotoluidide,  CieHijNeOio  =  [CO*NH-C6H2(N'03)2'CH3]2 
[CH3  :  NH  :  NO2  :  NO2  =  1  :  2  :  8  :  5]. 

This  is  prepared  by  dissolving  oxalorthotoluidide  in  nitric  acid  of 
sp.  gr.  1*5,  and  boiling  the  solution  for  a  short  time.  If  the  hot  pro- 
duct is  carefully  diluted  with  water  until  crystals  begin  to  separate, 
and  then  allowed  to  cool,  a  pasty  mass  is  obtained,  consisting  of 
minute,  colourless  needles.  These,  after  being  collected  and  washed 
with  water,  are  dried  and  purified  by  crystallisation  from  phenol. 

On  analysis,  the  following  numbers  were  obtained  : — 

0-1575  gram  gave  25-8  c.c.  ]^;  ^  =  15° ;  bar.  =  744  mm. 

Theory  for 
CONHC6Ho(NOo)2-CH3 
CONH-C6H;(NO"2)o-CH3-  Found. 

ISr 1874  per  cent.  18-77  per  cent. 

Tetranitroxalorthotoluidide  does  not  melt  below  270"^,  and  is  almost 
insoluble  in  the  ordinary  solvents.  It  is  much  more  soluble  in  fuming 
nitric  acid  than  the  corresponding  aniline  compound. 

On  heating  with  concentrated  sulphuric  acid  at  170°,  a  brownish- 
yellow  solution  is  formed  which,  on  dilution  with  water,  extraction 
with  ether,  &c.,  yields  dinitrotoluidine ;  this,  after  recrystallisution 
from  glacial  acetic  acid,  is  obtained  in  long,  orange-yellow  plates 
melting  at  209°. 

By  boiling  with  a  mixture  of  sulphuric  and  nitric  acids,  oxalortho- 
toluidide does  not  appear  to  give  a  hexanitro-compound,  and  tetranitr- 
oxalorthotoluide  is  not  altered  by  similar  treatment,  as  appears  from 
the  following  analysis  of  the  regenerated  product : — 

0-1320  gram  gave  20-8  c.c.  N. ;  ^  =  9° ;  bar.  =  736  mm. 

Theory  for 
CO-NH-CbH2(N02)o-CH3 
CO-NH-C6Eo(N02)2-CIl3*  Found. 

IN" 18-74  per  cent.  18-34  per  cent. 

Long  boiling  with  a  mixture  of  these  acids  produces  decomposition, 
the  product,  on  pouring  into  water,  dissolving,  forming  a  clear,  yellow 
solution. 
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Tetranitroxalparafoluidide,  C\,B.i^'NeOio  =  [CO-NH-C6H3(NOo)2-CH3]3 
[CH3  :  NO2  :  NH2  :  XO2  =   1:3:4:5]. 

Oxalparatoluidide,  on  treatment  with  nitric  acid  (sp.  gr.  1*5),  beha,ves 
in  a  very  similar  manner  to  oxanilide.  The  product  of  the  reaction, 
after  being  washed  with  acetic  acid  and  dried,  consists  of  small, 
colourless  needles  which  do  not  melt  below  270°,  but  become  brown 
at  that  temperature.  It  is  practically  insoluble  in  all  the  usual 
solvents,  moderately  soluble  in  nitrobenzene,  from  which  it  crystallises 
in  microscopic  needles ;  it  is  also  only  very  slightly  soluble  in  acetic 
anhydride.  Its  solubility  in  fuming  nitric  acid  is  intermediate 
between  that  of  tetranitroxanilide  and  tetranitroxalorthotoluidide. 

On  analysis,  the  following  numbers  were  obtained  : — 

0"1900  gram  gave  81  c.c.  N  ;  ^  =  15° ;  bar.  =  745  mm. 

Theory  for 
CO-NH-C6H^N02)2-CF3 
CO-JSH-CgtiailSOaJa-CfJa-  Fomid. 

N 1874  per  cent.  1873  per  cent. 

When  boiled  with  a  strong  aqueous  solution  of  caustic  potash,  it 
does  not  appear  to  dissolve,  but  the  liquid  becomes  filled  with  bright, 
scarlet  needles  which  evidently  consist  of  a  potassium  compound. 
This,  on  treatment  with  acid,  is  reconverted  into  tetranitroxalpara- 
tolaidide. 

When  heated  with  concentrated  sulphuric  acid  at  170°,  it  dissolves 
with  evolution  of  gas,  and  on  pouring  into  water,  extracting  with 
•ether,  &c.,  dinitroparatoluidine  is  obtained  in  orange-yellow  plates, 
which  alter  puritication  by  crystallisation  from  alcohol,  melt  at 
164r-166°. 

In  order  to  determine  whether  oxalparatoluidide  would  yield  a 
higher  nitrated  derivative,  a  small  quantity  of  the  tetranitro-com- 
pound  was  treated  with  a  mixture  of  3  parts  of  sulphuric  acid  and 
2  parts  of  nitric  acid  (I'o),  and  the  whole  boiled  for  about  20 
minutes.  A  omall  quantity  of  water  was  added  to  the  hot  mix- 
ture, which  was  then  set  aside  to  cool ;  crystals  gradually  separated, 
and  the  whole  soon  set  to  a  semi-solid,  glistening  mass.  The  crystals 
were  collected,  washed  with  glacial  acetic  acid,  and  dried,  and  the  pro- 
duct, which  then  appeared  as  a  colourless,  crystalline  mass,  having  a 
beautiful  silvery  lustre,  was  analysed  with  the  following  result : — 

01 220  gram  gave  1905  c.c.  N  ;  i  =  14°  ;  bar.  =  736  mm. 
0-1315  „  20-2  c.c.  N  ;  <  =  13°;  bar.  =  736  mm. 

Theory  for  Found. 

CONHCeH2(NOo)2CH3  , ^ ^ 

CONH-C6H2(N02)2CH3-  I.        .         II. 

N 18  74  p.  c.  1773         17-57  p.c. 
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As  the  percentage  of  nitrogen  it  contains  is  lower  than  that  required 
by  tetranitroxalparatoluidide,  it  is  evident  that  the  reaction  is  not 
analogous  to  the  action  of  nitric  and  sulphuric  acids  on  oxanilide, 
oxidation,  and  not  further  nitration,  having  taken  place. 

This  substance,  when  heated  in  a  capillary  tube,  becomes  brown  at 
214^,  and  suddenly  melts  with  decomposition  at  about  250°.  Hot 
aqueous  caustic  alkalis  dissolve  it,  and  from  the  red  solution  formed 
acids  throw  down  a  white,  crystalline  precipitate,  which  can  be  recrys- 
tallised  from  alcohol,  in  which  it  is  very  soluble.  I  am  at  present 
engaged  with  the  further  investigation  of  this  reaction. 

Dinitroxal-^-naplithalide,  C22H14N4O6  =  [CO-lS'H-CioHeNOzJz 
[XO2  :  NH  =  a  :  /3]. 

On  adding  oxalo-/5-naphthalide  to  a  mixture  of  2  parts  of  glacial 
acetic  acid  and  nitric  acid  (sp.  gr.  1"5),  and  boiling  for  a  short  time, 
the  solution  gradually  deposits  a  light,  yellow,  flocculent  substance. 
When  this  is  crystallised  from  hot  nitrobenzene,  a  mixture  of  long, 
flat,  microscopic  needles  is  obtained,  with  a  small  quantity  of  opaque 
nodules.  To  separate  these,  the  product  is  dissolved  in  boiling  nitro- 
benzene, and  the  solution  allowed  to  cool  until  some  crystals  have 
been  deposited.  The  whole  is  then  thrown  on  to  a  glass  wool  funnel, 
and  the  residue  washed  with  nitrobenzene  and  recrystallised  from  the 
same  solvent.  On  treating  the  deposit  from  the  cooled  filtrate  in  a 
similar  manner,  more  of  this  substance  may  obtained. 

Analysis  gave  the  following  numbers  : — 

0-1725  gram  gave  19-1  c.c.  N;  i^  =  14°;  bar.  =  760  mm. 

Theory  for 
CO-NH-CioHg-NOs 

CONHCioHe-NOs*  Found. 

N 13-02  per  cent.  13-02  per  cent. 

Prepared  in  this  manner,  dinitroxal-/3-naphthalide  consists  of 
yellow  plates  having  a  beautiful,  golden  lustre,  it  does  not  melt  below 
270°,  but  at  higher  temperatures  is  decomposed,  giving  off  a  cloud  of 
yellow  vapour.  Nitrobenzene  is  the  best  crystallising  agent  for  this 
substance,  it  being  only  very  slightly  soluble  in  the  usual  lower  boil- 
ing solvents.  Hot  alcoholic  potash  dissolves  it  readily,  forming  a 
yellow  solution  which,  after  treatment  with  acid,  deposits  orange-red 
needles  on  cooling.  These,  after  recrystallisation  from  dilute  alcohol, 
melt  at  126 — 127'",  and  have  all  the  properties  of  a-nitro-/i-naphthyl- 
NO, 
/'\/\NH2 
amine,    I 
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Tetranitro-^-dina^jlithylcarhamide,  CaiHiaNgOg  =  CO[NH'CioH5(N'02)2]2. 

On  boiling  dinitroxal-^-naplithalide  with  nitric  acid  of  sp.  gr.  1*5 
purified  by  boiling  with  nitrate  of  urea,  it  dissolves,  and  after  distil- 
ling off  a  portion  of  the  nitric  acid  from  the  solution,  a  light,  orange- 
coloured,  crystalline  powder  is  gradually  deposited.  After  cooling, 
glacial  acetic  acid  is  added,  the  whole  filtered,  and  the  residue  washed 
with  acetic  acid  and  dried. 

On  analysis,  the  following  numbers  were  obtained : — 

0-1730  gram  gave  27-3  c.c.  N;  if  =  14";  bar.  =  720  mm. 

Theory  for 
(.Q^NH.CioH5(N02)2 
'^'^^NH-CioH5(N02)2"  Found. 

TS" 17-07  per  cent.  17-51  per  cent. 

This  substance,  which  is  probably  tetranitrodinaphthylcarbamide, 
is  a  yellow,  crystalline  powder,  consisting  of  small,  hexagonal,  micro- 
scopic plates.  At  a  high  temperature,  it  decomposes  before  melting 
with  a  slight  explosion  and  emission  of  black  vapour.  It  is  almost 
insoluble  even  in  solvents  of  high  boiling  point,  and  attempts  to  re- 
crystallise  it  have,  up  to  the  present,  been  unsuccessful.  Sulphuric 
acid  does  not  dissolve  it  in  the  cold,  and  only  with  difficulty  at  high 
temperatures,  forming  a  brown  solution,  v/hich  dissolves  completely 
in  water. 

It  is  almost  insoluble  in  cold  aqueous  solutions  of  the  alkalis,  but 
on  warming  dissolves  readily,  forming  a  scarlet  solution  ;  this 
becomes  brown  on  boiling,  and  on  adding  an  acid,  a  dirty  brown-red 
precipitate  is  thrown  down. 

Experiments  are  in  progress  with  the  hope  of  proving  more  definitely 
the  constitution  of  this  substance. 

Tetranitro-a..dinapht}iylcarhamide,  CaiHizNeOg  = 

CO[NH-CioH5(NO,)j2. 

Oxal-a-naphthalide  is  attacked  by  nitric  acid  (sp.  gr.  I'S)  in  a  similar 
way  to  the  y3-compound.  Boiled  with  this  acid,  it  dissolves,  and  after 
a  short  time  a  yellow,  crystalline  powder  begins  to  be  deposited  ; 
this,  after  washing  with  acetic  acid  and  drying  at  100°,  gave  the 
following  numbers  : — 

0-1710  gram  gave  25-7  c.c.  N  ;  t  =  VS° ;  bar.  =  750  mm. 

Theory  for 
CQ^NHCioH5(N02)2 
^^'^NH-CioH5(N02)2-  Found. 

N 17-07  per  cent.  17-52  per 


17-07  per  cent.  17-52  per  cent. 
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Tetranitro-a-dinaplithylcarbamide  closely  resembles  the  correspond- 
ing /J-naphthyl  componnd  in  all  its  properties.  It  is  a  yellow,  crys- 
talline powder  melting  above  300°  and  insoluble  in  almost  all  solvents. 
A  substance  evidently  identical  with  the  above  is  obtained  by  the 
action  of  nitric  acid  on  a-dinaphthylguanidine  in  the  presence  of 
ether. 

Tetranitro-a-naphthyl carbamide  dissolves  in  ammonia  and  the 
alkalis,  slightly  in  the  cold,  more  readily  on  warming,  forming  an 
orange-coloured  solution,  from  which  acids  throw  down  a  gelatinous, 
orange-red  precipitate  ;  this,  on  further  heating,  becomes  darker  in 
colour,  passing  finally  into  a  dirty  brown.  Tetranitro-a-naphthyl- 
carbamide  is  insoluble  in  cold  sulphuric  acid,  but  on  warming,  it 
dissolves  sparingly  with  evolution  of  gas  and  formation  of  a  dark- 
brown  solution  ;  on  pouring  this  into  water,  it  deposits  dark-brownish 
flocks,  from  which  nothing  definite  could  be  isolated. 

Mononitroxanilic  Acid,  C8H6T^205  =  C6H4(N03)-NH-CO-COOH 

[NH  :  NO2  =  1  :  4]. 

This  acid  is  best  prepared  by  adding  oxanilic  acid  to  well-cooled 
nitric  acid  (sp.  gr.  1'5),  which  has  been  purified  with  nitrate  of  urea. 
I  dissolves  quietly  in  the  acid,  and  after  some  quantity  has  been 
added,  needles  commence  to  separate,  and  the  whole  soon  sets  to  a 
solid  mass.  A  little  water  is  then  added,  the  product  collected, 
washed  with  water,  and  recrystallised  from  this  solvent. 

An  analysis  of  the  substance  dried  at  100°  gave  the  following 
numbers  : — 

0-1493  gram  gave  17-2  c.c.  'N ;  t  =  10° -,  bar.  =  740  mm. 

Theory  for 
C6H4N02-NHCO-COOH.  Found. 

N 13-33  per  cent.  1343  per  cent. 

Thus  prepared,  it  consists  of  colourless,  silky  needles,  and  is  iden- 
tical with  the  paranitroxanilic  acid  prepared  by  Aschan  {Ber.,  18, 
2936). 

DinUroxaniUc  Acid,  CsHs'N.Ov  =  C6H3(N02)o-NH-CO-COOH 
[NH  :  NO2  :  ISTOa  =  1  :  2  :  41. 

In  order  to  prepare  this  substance,  oxanilic  acid  is  added  to  a  large 
excess  of  nitric  acid  (sp.  gr.  l-r5)  and  the  solution  boiled  until  red 
fumes  cease  to  be  given  off.  It  is  then  diluted  with  about  one-third 
of  its  bulk  of  water,  and  the  hot  solution  set  aside  to  cool.  Crystals 
gradually  appear,  and,  after  standing  for  about  an  hour,  the  separa- 
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lion  is  complete.     The  substance  was  collected,  washed  with  water, 
land  dried  at  100°. 

On  analysis,  the  following  numbers  were  obtained  : — 

0-1503  gram  gave  21-4  c.c.  N  ;  ^  =  13° ;  bar.  =  738  mm. 

Theory  for 
C6H3(N02)2NH-CO-COOH.  Found. 

N 16*47  per  cent.  16*25  per  cent. 

Dinitroxanilic  acid  crystallises  in  almost  colourless  plates,  whicb 
melt  with  decomposition  at  176 — 178".  Strongly  heated,  it  de- 
composes with  a  slight  explosion.  It  is  sparingly  soluble  in  water, 
more  readily  so  in  alcohol  and  acetic  acid. 

The  ammonium  salt,  which  is  best  prepared  by  adding  ammonia  to 
a  warm  alcoholic  solution  of  the  acid,  crystallises  in  thin  plates, 
almost  insoluble  in  alcohol,  and  but  sparingly  soluble  in  hot  water. 
The  barium  salt  is  obtained  as  a  white  precipitate,  insoluble  in  water, 
on  treating  a  solution  of  the  ammonium  salt  with  barium  chloride. 
The  salts  of  the  heavy  metals  are  mostly  insoluble  in  water,  and  may 
ba  obtained  in  the  same  manner  from  the  ammonium  salt.  Dilute 
caustic  soda  throws  down  from  an  alcoholic  solution  of  the  acid  an 
orange-red,  gelatinous  precipitate,  which  is  very  soluble  in  water. 

On  boiling  an  aqueous  solution  of  dinitroxanilic  acid  with  a  little 
aqueous  potash,  yellow  crystals  soon  commence  to  separate  from  the 
solution,  and  these,  after  being  collected  and  crystallised  from  glacial 
acetic  acid,  appear  as  orange  plates  melting  at  175°,  and  having  all  the 
properties  of  metadinitraniline.  Thus  prepared,  this  substance  is 
exceedingly  pure,  and  the  yield  obtained  is  almost  quantitative. 

Cold  concentrated  sulphuric  acid  dissolves  dinitroxanilic  acid, 
forming  an  almost  colourless  solution  which,  on  heating  to  170°, 
becomes  slightly  yellower  and  evolves  gas.  Water  added  to  this 
solution  precipitates  yellow  flocks,  consisting  of  metadinitraniline. 

TrinitroxaniUc  Acid,  C8H4N4O9  =  CeH^CNOOa-NH-CO'COOH 
[NH  :  NO2  :  NO2  :  NO2  =1:2:4:6]. 

In  order  to  prepare  this  substance,  oxanilic  acid  is  boiled  with  a 
mixture  of  2  parts  of  nitric  acid  of  sp.  gr.  1*5  and  1  part  of  sulphuric 
acid.  The  solution,  after  carefully  diluting  with  one  half  its  volume)* 
c)f  water  and  allowing  to  cool,  sets  to  a  crystalline  mass,  which  is  col-f 
lected  and  washed  with  water. 

On  analysis,  the  following  numbers  were  obtained: — 

0-1875  gram  gave  301  c.c.  N ;  ^  =  13"^ ;  bar.  =  742  mm. 
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Theory  for 
C6H2(N02)3-NHCO-COOH.  Found. 

N 18*66  per  cent.  18'52  per  cent. 

Trinitroxanilic  acid  forms  colourless  needles  which,  at  about  220°, 
melt  with  decomposition  to  a  brown  liquid.  Strongly  heated  in  a 
test-tube,  it  decomposes  with  a  slight  explosion.  It  is  moderately 
soluble  in  alcohol,  but  only  sparingly  in  water. 

The  ammonium  salt,  which  is  best  prepared  by  adding  ammonia  to 
a  concentrated  alcoholic  solution  of  the  acid,  crystallises  in  almost 
colourless,  long,  narrow  plates,  more  soluble  in  water  and  alcohol 
than  the  corresponding  salt  of  dinitroxanilic  acid.  Solations  of  this 
salt  in  water  give  precipitates  with  salts  of  copper  and  lead.  The 
barium  salt  of  trinitroxanilic  acid  is  soluble  in  water  and  crystallises 
in  needles. 

Concentrated  sulphuric  acid  does  not  appear  to  dissolve  it  in  the 
cold,  but  does  so  at  a  temperature  of  about  60°,  forming  a  colourless 
solution,  which,  at  160°,  becomes  darker  and  evolves  gas ;  on  pouring 
into  water,  a  light-yellow  solution  is  obtained,  and  no  trinitraniline 
separates. 

On  boiling  an  alkaline  solution  of  the  sodium  or  potassium  salt  of 
trinitroxanilic  acid,  beautiful,  glittering,  yellow  crystals  gradually 
separate ;  these,  after  filtration,  can  be  crystallised  from  glacial  acetic 
acid.  The  product  melts  at  188°,  and  has  all  the  properties  of  tri- 
nitraniline. Prepared  in  this  way,  trinitraniline  is  obtained  in  a 
chemically  pure  condition,  and  without  crystallisation  from  glacial 
acetic  acid.     The  yield  obtained  is  nearly  quantitative. 

In  conjunction  with  Mr.  J.  E.  Mackensie,  I  am  continuing  the  in- 
vestigation of  these  interesting  substances. 


XLY,— CONTRIBUTIONS  FROM  THE  RESEARCH  LABORA- 
TORY OF  THE  PHARMACEUTICAL  SOCIETY  OF  GREAT 
BRITAIN. 

The  Existence  of  two  Crystalline  Acetaldoximes. 

By  Wyndham  R.  Dunstan  and  T.  S.  Dymond. 

(First  Notice.) 

In  July  of  last  year  we  prepared  a  considerable  quantity  of  acetald- 
oxime  by  the  method  suggested  by  Victor  Meyer  {Ber.,  15,  1526), 
in  which  aldehyde  is  caused  to  react  with  an  aqueous  solution 
of  hydroxylamine  hydrochloride  mixed  with  the  calculated  quantity 


OF   TWO   CRYSTALLINE   ACETALDOXIMES.  471 

of  sodium  liydroxide,  CH/CHO  +  NH^-OH  =  H^O  +  CHg-CHiN-OH. 

The  mixture  was  extracted  with  ether,  the  solution  dried  with 
calcium  chloride,  and  the  ether  carefully  distilled  off.  The  residual 
liquid',  after  being  purified  by  distillation,  finally  boiled  constantly 
at  114-5°  (corr.).  The  properties  of  the  compound  agreed  with 
those  recorded  by  Petraczek  (Ber.,  15,  2784).  To  our  surprise  the 
liquid  soon  solidified  to  a  mass  of  acicular  crystals ;  some  days 
subsequently  their  melting  point  was  ascertained  to  be  37°,  but  on 
further  standing  it  had  risen  to  46'-5°  (corr.),  at  which  it  remained 
constant.  Acetaldoxime  has  hitherto  been  regarded  as  a  liquid,  and, 
indeed,  we  had  previously  kept  other  specimens  for  several  days  at 
a  temperature  of  10 — 20°  without  solidification  taking  place.  To 
make  sure  that  the  crystalline  compound  was  actually  acetaldoxime, 
the  crystals  were  quickly  melted  by  surrounding  the  vessel  contain- 
ing them  with  hot  water,  and  the  boiling  point  of  the  substance 
again  determined.  It  still  boiled  constantly  at  114*.5°,  and  there 
could,  therefore,  be  no  doubt  as  to  the  identity  of  the  crystals. 

The  freezing  point  of  this  liquid,  which  had  just  been  heated  to  its 
boiling  point,  was  then  ascertained,  and  we  were  astonished  to  find 
that  this  apparently  pure  substance,  which,  a  short  time  before,  had 
melted  at  46*5°,  now  refused  to  crystallise  at  20°  even  after  a  crystal 
of  the  original  substance  (m.  p.  46"5°)  had  been  introduced  into  it. 
On  cooling  to  about  15°,  crystallisation  occurred,  and  nearly  the 
whole  of  the  liquid  became  solid.  The  crystals  thus  obtained  melted  at 
17°,  that  is,  28''  lower  than  the  original  substance.  Many  similar  obser- 
vations have  been  made,  and  it  has  been  invariably  found  that  on  heat- 
ing the  aldoxime  the  freezing  point  of  the  liquid  is  lowered  to  a  greater 
or  less  extent.  On  heating  the  crystals  (m.  p.  46  5")  for  two  hours  at 
100°  in  a  closed  tube,  no  apparent  chemical  change  occurred  and 
the  liquid  still  boiled  constantly  at  114  5°,  but  on  cooling  to  0°,  it 
solidified  to  a  mass  of  crystals  melting  at  12°  (corr.)  to  a  liquid 
which  froze  again  within  half  a  degree  of  the  same  temperature. 
No  further  lowering  of  the  freezing  point  was  caused  by  heating 
this  substance  for  two  hours  in  a  closed  tube  at  150° ;  the  resulting 
liquid  again  crystallised  at  12°. 

W^e  had  thus  obtained  evidence  that  a  change  in  the  constitution 
of  acetaldoxime  occurs  when  it  is  heated,  the  original  substance  (m.  p. 
46'5°)  being  gradually  converted  into  a  new  modification  which  melts 
at  12°.  This  observation  explains  why  the  liquid  purified  by  distilla- 
tion refuses  to  crystallise  at  the  ordinary  temperature,  and  may 
account  for  the  circumstance  that  the  crystallisation  of  acetaldoxime 
has  not  been  previously  observed. 

The  properties  of  the  modification  melting  at  12°  are  still  under 
investigation.      We    find    that   on    standing   at    the    ordinary    tern- 
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perature  it  slowly  changes  back  again  into  the  substance  which 
melts  at  46  5°  ;  the  molting  point  of  the  crystals  gradually  rises  from 
clay  to  day  until  the  maximum  of  46'5'^is  reached.  Conversely,  when 
the  original  crystals  (m.  p.  46'5°)  are  melted  and  the  liquid  gently 
heated,  the  freezing- point  of  a  specimen  removed  from  time  to  time  is 
observed  to  fall  gradually  as  the  heating  is  continued  until  it  reaches 
the  minimum  at  12°  ;  even  in  determining  the  melting  point  this 
change  occurs  to  some  extent,  and  if  the  freezing  point  of  the  result- 
ing liquid  is  at  once  determined,  it  will  usually  be  found  to  be  several 
degrees  lower  than  the  melting  point,  owing  to  the  conversion  having 
occurred  with  formation  of  a  small  quantity  of  the  new  modification, 
which  depresses  the  freezing  point  of  the  liquid.  For  the  same 
reason,  freshly  distilled  aldoxime  always  contains  some  of  the  new 
modification  and  therefore  freezes  at  a  lower  temperature  than  40-5°. 

So  far  we  have  not  observed  any  fact  connected  with  this  behaviour 
of  acetaldoxime  which  bears  any  other  intepretation  than  that  we 
have  already  indicated.  It  appears  that,  contrary  to  the  usual  state- 
ment, acetaldoxime  is  a  crystalline  solid,  capable  of  existing  in  two 
isomeric  or  polymeric  forms,  which  readily  change  the  one  into  the 
other.  The  form  melting  at  405°,  which  is  solid  at  ordinary  tem- 
peratures, maybe  provisionally  designated  ol- acetaldoxime,  whilst  that 
melting  at  12°,  which  is  liquid  at  ordinary  temperatures,  may  be 
termed  /^-acetaldoxime. 

During  the  last  six  months  we  have  been  engaged  in  examining 
the  physical  and  chemical  properties  of  the  two  substances,  with  a 
view  of  discovering  other  differences  between  them.  Dr.  Perkin  has 
kindly  undertaken  to  study  the  variations  in  magnetic  rotation  which 
may  accompany  the  conversion  of  the  one  form  into  the  other.  It 
was  not  our  intention  to  give  any  account  of  our  results  until  all 
these  experiments,  now  in  progress,  were  completed  ;  we  are,  how- 
ever, compelled  to  publish  the  main  facts  at  once,  on  account  of  the 
appearance  of  a  preliminary  note  by  the  Dutch  chemist  Franchimont, 
of  which  Ave  have  just  been  made  aware  through  the  Ghemische 
Centralhlatt.  This  chemist  has  observed  the  solidification  of  a  speci- 
men of  acetaldoxime  which  had  been  purchased  by  him  from  Kahl- 
baum  and  he  states  that  he  is  now  searching  for  evidence  of  an 
isomeride.  We  trust  that  the  publication  of  some  of  our  observations 
will  serve  to  convince  him  of  our  priority  in  this  matter,  and  that  he 
will  leave  us  free  to  finish  the  experiments  which  have  been  in 
progress  during  the  past  ten  months. 

The  existence  of  two  isomeric  acetaldoximes  has  important  theo- 
retical bearings  which  we  have  steadily  kept  in  view  during  the 
course  of  our  work.  Hantzsch,  as  well  as  other  chemists,  have 
sought  for  evidence  of  isomerism,  but  have  failed  to  find  any  but  the 
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one  acetaldoxime  hitherto  regarded  as  liquid.  We  shall  shortly  be 
able  to  state  whether  this  is  a  case  of  isomerism  or  polymerisra,  and 
if  the  former,  whether  it  must  be  considered  as  stereochemical  or 
structural.     In  the  latter  case  we  have  the  two    possible  structural 

formulae    CHg-CHiNOH   and    CH3-CH<?^.       In   fact,  we    should 

have  to  deal  with  the  same  problem  as  that  presented  bj  the 
tsvo  far  more  stable  benzaldoximes  which  has  been  investigated, 
among  others,  by  Hantzsch,  Victor  Meyer,  and  Beckmann,  and  the 
difficulties  standing  in  the  way,  both  of  experiment  and  of  correct 
interpretation,  are  certainly  not  less  than  they  were  in  that  now 
classical  enquiry. 

In  conclusion,  we  may  mentiou  that  we  have  lately  found  a  simple 
means  of  preparing  acetaldoxime,  which  is  both  more  convenient  and 
economical  that  that  originally  proposed  by  Victor  Meyer  and  now 
generally  adopted.  We  find  that  an  almost  theoretical  yield  of  the 
compound  results  from  the  interaction  of  aldehyde-ammonia  and 
hydroxylamine  hydrochloride,  thu3:—CH3-CHO,NH3  +  NH2-0H,HC1 
=  NH4CI  +  H.,0  +  CH3-CH:N-0H.  When  the  proper  quantities  of 
these  materials  are  mixed  together,  the  mixture  becomes  semi-liquid. 
The  acetaldoxime  is  dissolved  out  with  ether,  the  ethereal  solution 
dried  with  calcium  chloride,  and  the  ether  carefully  removed  by 
distillation  at  as  low  a  temperature  as  possible.  The  residual 
acetaldoxime  is  then  distilled.  The  distillate,  boiling  at  1I4'5°,  being 
a  mixture  of  the  a-  and  y3-modifications,  will  probably  not  crystallise 
unless  it  is  cooled,  when  it  will  almost  entirely  solidify  to  a  mass  of 
crystals,  which  usually  form  a  network  of  long,  stout,  flexible  needles, 
remarkable  for  their  toughness.  On  keeping,  it  will  be  found  that 
the  melting  point  of  these  crystals  gradually  rises  to  4i6  6°. 

liescarch  Laboratory ,  Pliarmaceatical  Socidy, 
JJlooniishury  Square,  London. 
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March  30th,  1892. 

Professor  A.  Crum  Brown,  F.R.S.,  President,  in  the  Chair. 

I  AM  glad  to  say  that  our  Society  continues  prosperous,  and  that  our 
numbers  increase.  At  the  present  time  there  are  1825  Fellows  of 
the  Society  and  30  Foreign  Members,  1855  in  all. 

The  Society  has  to  deplore  the  loss  of  two  veteran  Foreign  Members, 
Hermann  Kopp  and  Jean  Servais  Stas.  The  Treasurer  has  under- 
taken to  give  an  account  of  the  work  of  the  former  and  to  sketch, 
the  modern  development  of  his  ideas  in  a  lecture  to  be  delivered 
during  the  coining  session.  It  is  hoped  that  in  like  manner  justice 
may  be  done  to  the  work  of  Stas  by  one  of  the  Fellows  specially 
qualified  to  deal  with  such  a  subject. 

The  following  tabular  statement  gives  the  numerical  position  of  the 
Society : — 

Number  of  Fellows  (Anniversary,  March,  1891) 1754 

Since  elected  and  paid  admission  fees 120 

1874 

Removed  on  account  of  arrears    18 

Withdrawn 18 

Deceased 13 

—  49 

Present  number  of  Fellows   1825 

Number  of  Foreign  Members  (1891) 32 

Deceased 2 

Present  number  of  Foreign  Members 30 

The  number  of  Fellows  elected  this  year  is  somewhat  greater  than 
last  year,  but  still  falls  considerably  below  what  it  was  in  1889-90. 

13  Fellows  have  died  within  the  year: — Dr.  J.  H.  Abrahall,  Dr. 
A.  J.  Bernays,  Chas.  Heisch,  H.  J.  Hardy,  T.  H.  Hills,  J.  S.  Jackson, 
J.  B.  Mackintosh,  C.  McNally,  J.  W.  Pratt,  Dr.  Redwood,  A.  J. 
Shilton,  Dr.  Tidy  and  P.  H.  Wright. 

18  Fellows  have  withdrawn  :—H.  H.  Bunting,  W.  L.  Clnrke,  W. 
Y.  Dent,  Rev.  G.  R.  Faulkner,   Robt.  Fergusou,  Thos.  Hllditch,  Rev. 
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T.  Lindsay,  Wm.  Robinson,  J.  B.  Readman,  W.  H.  Reid,  Clias.  T. 
Sprague,  George  Sutcliffe,  C.  H.  Sieber,  Saml.  D.  Wills,  J.  C.  Watson, 
W.  C.  Wise,  Prof.  E.  Marks  and  D.  T.  C.  Charles,  whilst  18  Fellows 
have  been  removed  on  account  of  arrears. 

The  Library  slowly  and  steadily  increases,  and  now  contains  12,209 
volumes.  The  precise  increase  will  be  seen  from  the  subjoined 
tabular  statement :  — 


March  30th, 
1891. 

Additions  in 
1891-92. 

Present 
State. 

3,204 
5,870 
1,188 

1,472 

110 
78 
42 

3,314 
6,115 
1,266 

1,514 

Volumes  of  duplicate  periodicals  for  cir- 
culation 
Pamphlets 

11,734 
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12,209 

No  fewer  than  128  papers  have  been  read,  the  largest  number 
on  record.  The  1891  volume  of  the  Transactions  contains  95 
original  papers,  occupying  1100  pages,  while  the  Abstracts  occupy 
1504  pages. 

At  the  commencement  of  the  winter  session  Professor  Attfield 
brought  under  the  notice  of  the  Council  his  proposal  for  establish- 
ing a  Chemists'  Benevolent  Fund.  A  Committee  was  appointed  to 
consider  this  proposal,  and  eventually  they  presented  a  Report,  which 
will  be  found  in  full  in  the  Proceedings,  pp.  60 — 64. 

A  Committee  of  the  Council  have  had  under  consideration  the 
question  of  the  entire  rearrangement,  ventilation,  and  lighting  of 
tlie  meeting  room,  and  with  the  cooperation  of  Professor  Ayrton 
and  Mr.  Martin  L.  Saunders  (architect)  have  prepared  a  scheme 
which  is  now  under  the  consideration  of  Her  Majesty's  Office  of 
Works;  if  approved,  this  will  be  carried  into  effect  during  the  long 
vacation. 

We  may  divide  chemical  work  roughly  into  two  kinds  :  routine  work 
— analysing,  teaching,  examining,  and  so  on — and  what  is  often, 
though  not  very  appropriately  called,  "research" — I  shall,  on  this 
occasion,  call  it  exploration.  In  the  first  kind  we  chiefly  use  methods 
and  deal  with  facts  already  known  ;  in  the  second  we  devise  new 
methods  antl  make  the  acquaintance  of  facts  before  unobserved,  or,  at 
least,  unrecorded.  The  first  kind  is,  as  a  rule,  undertaken  as  a  matter 
of  business  ;  the  second,  as  a  rule,  as  a  matter  of  pleasure.  The  dis- 
tinction between  them  is  not  sharp — routine  work  not  unfrequently 
leads  to  fresh  fields  of  knowledge — much  of  our  store  of  analytical 
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methods  ]jas  been  obtained  in  the  course  of  specific  analyses  not 
undertaken  for  the  purpose  of  de^'ising  new  methods — and,  indeed,  in 
chemistry,  as  in  the  world  generally,  an  intelligent  person  cannot 
Avalk  anywhere  with  his  eyes  open  without  seeing  something  new  ; 
on  the  other  hand,  exploration  may  degenerate  so  as  to  become  as  un- 
interesting and  as  mechanical  as  the  barest  kind  of  routine  work  ; 
3^et  every  one  will  recognise  that  the  division  is  a  natural  one, 
and,  in  most  cases,  we  can  have  no  difficulty  in  saying  upon  which 
kind  of  work  we  are  at  any  time  engaged.  Each  of  these  kinds  of 
work  is,  I  believe,  best  done  by  a  man  who  does  not  confine  himself 
to  it.  The  man  whose  daily  business  is,  say,  to  teach  or  to  assay, 
will  teach  or  assay  better  if  he  takes  what  we  may  call  an  occasional 
exploratory  tour,  just  as  a  weaver  or  a  printer  is  not  only  a  healthier 
man,  but  better  at  his  work,  for  a  turn  now  and  then  in  the  fresh  air. 
And,  I  believe,  it  is  equally  true,  that  a  man  whose  main  work  is 
exploratory — a  man  placed  by  fortune  in  such  a  position  that  he  can 
devote  his  whole  time  to  it — will  be  better,  and  do  better  work,  if  he 
undertakes  some  routine  duty.  There  is  a  satisfaction  in  having 
accomplished  a  task,  different  in  kind  and  different  in  moral  effect 
from  the  joy  we  feel  when  we  have  reached  some  untrodden  peak,  and 
look  out3  from  it  over  a  new  legion.  I  have  fallen  into  a  geographical 
metaphor,  and  may  as  well  continue  in  it  while  speaking  of  explora- 
tory work,  and  consider  it  as  either  internal  or  frontier  work.  So  much 
of  the  interior  of  every  district  in  the  country  of  chemistry  is  un- 
explored, or  only  very  imperfectly  known,  that  our  surveyors  are 
mostly  taken  up  with  internal  exploration  and  mapping,  but  the 
frontiers  have  a  special  interest  of  their  own.  It  is  through  them 
that  we  may  hope  to  join  our  survey — the  great,  general  triangula- 
tions  of  the  chemical  country — with  the  surveys,  some  more  com- 
plete, some  less  complete,  than  ours,  which  our  neighbours  have  made 
and  are  making.  One  very  important  branch  of  this  frontier  work — 
purely  chemical  work  bearing  directly  on  neighbouring  sciences 
— is  the  artifi(;ial  production  of  natural  substances.  The  artificial 
production  of  minerals  is  chemical  work,  but  it  is  of  more  im- 
mediate and  practical  interest  to  mineralogists  and  physical  geologists 
than  to  chemists.  Work  of  this  kind  has  often  to  wait  until  a  man 
appears  who  unites  the  two  requirements — interest  in  the  work  and 
ability  to  do  it. 

The  artificial  production  of  substances  occurring  in  plants  and 
animals  is  more  attractive  to  chemists,  and  a  large  part  of  our  know- 
ledge of  organic  chemistry  has  been  obtained  by  means  of  attempts, 
some  successful  and  some  not,  in  this  direction.  All  work  of  this 
sort  is  interesting  to  chemists,  as  all  organic  synthesis  is,  and  at  first 
sight    we  might    expect    that  it  would  have    a  special    interest  for 
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physiologists.  Bat  this  is  only  rarely  the  case,  and  on  looking  at  the 
matter  we  easily  see  why.  Most  of  our  organic  syntheses  of  natural 
substances  are  made  by  methods  and  nnder  conditions  quite  unlike 
anything  that  occurs  in  nature.  In  nature's  organic  laboratory  there 
is  no  pentachloride  of  phosphorus,  no  strong  nitric  or  sulphuric  acid, 
no  free  halogens,  no  alcoholic  caustic  potash  ;  there  are  no  sealed 
tube  operations,  no  distillation  in  vacuo;  the  temperature  is  never 
higher  than  about  40°  C,  and  every  operation  is  carried  on  in  the 
presence  of  much  water.  How  few  of  our  syntheses  could  be  per- 
formed under  such  conditions !  It  thus  happens  that  the  great 
majority  of  organic  syntheses  are  uninteresting  to  the  physiologist, 
because  they  do  not  follow  the  lines  of  the  synthesis  which  occurs  in 
nature. 

(Organic  synthesis,  as  we  effect  it,  with  those  powerful  appliances 
which  we  use,  and  nature  does  not,  will  no  doubt  ultimately  be  of 
service  to  physiology.  Much  of  the  evidence  for  the  constitution  of  a 
substance  is  obtained  from  a  study  of  the  ways  in  which  we  can  make 
it,  and  when  we  know  its  constitution  we  can  often  spy  cut  new 
modes  of  synthesis,  and  among  these  we  may  find  some  which  can  be 
carried  out  under  nature's  conditions;  but  as  yet  w^e  know^  few 
such. 

There  are  exceptions,  and  among  these  I  may  refer  to  the  brilliant 
w^ork  of  Professor  Fischer  on  the  synthesis  of  glucose,  fructose,  &c. 
This  great  investigation,  which  every  chemist  has  followed  with 
interest  and  pleasure,  throws  real  and  direct  light  on  the  processes  by 
which  the  plant  builds  up  carbohydrates  from  formic  aldehyde.  This 
is  really  frontier  work,  and  by  such  lines  we  may  hope  to  gain  insight 
into  the  methods  of  nature's  organic  laboratory,  as  mineral  synthesis 
is  enabling  us  to  understand  how  the  dead  framework  of  the  earth 
arrived  at  its  present  state. 

Another  frontier  of  chemistry  is  that  which  looks  towards  those 
regions  of  physics  which  have  come  more  or  less  completely  under 
the  control  of  the  great  empire  of  mathematics.  And  here  both  the 
w^ork  done  from  our  side  and  that  done  from  the  mathematico- 
physical  side  has  special  interest  for  us.  For  we  may  expect 
chemistry  to  undergo  a  very  great  and  revolutionary  change  when 
that  frontier  comes  to  be  explored  and  cultivated.  "We  shall  then  be 
separated  by  an  imaginary  line  from  the  mathematical  sciences,  and 
mathematical  methods  will  rapidly  be  applied  to  chemical  questions. 
Chemical  methods  will  still  be  used.  The  most  perfect  dynamical 
explanation  of  chemical  constitution  and  chemical  change  will  not 
enable  us  to  dispense  with  the  old  processes  of  analysis  and  prepara- 
tion. The  chemist  will  still  be  the  man  trained  in  the  chemical 
laboratory,  and   all  the  mechanical  parts   of  the  work  will   still  be 
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done  by  him.  But,  unless  he  learns  the  language  of  the  empire,  he 
will  become  a  provincial,  and  the  higher  branches  of  chemical  work, 
those  which  require  reason  as  well  as  skill,  will  gradually  pass  out  of 
his  hands.  This  must  not  be,  and  the  younger  clieraists  can  prevent 
it.  Let  them  while  there  is  time  learn  the  language  of  the  empire. 
Let  them  become  fluent  and  ready  in  its  use  ;  let  them  read  with  care 
the  work  that  is  being  done  on  the  border  between  chemistry  and 
mathematical  physics,  and,  as  they  6nd  opportunity,  do  such  work 
themselves,  and  so  be  ready  to  take  their  part  in  the  union  which  will 
certainly  come. 

The  language  of  the  empire  is  not  the  kind  of  mathematics  that 
boys  are  usually  taught  at  school ;  it  is  not  the  kind  of  mathematics 
that  medical  and  science  candidates  have  to  pass  at  a  preliminary  or 
first  B.Sc.  examination;  it  is  mathematics  jor  use.  It  bears  to  what 
we  may  call  exam.ination  mathematics  the  same  sort  of  relation  that 
French  and  German  jor  use  bear  to  much  of  our  school  French  and 
Geiman,  and  the  way  to  learn  it  is  to  work  with  it. 

I  feel  some  delicacy  in  referring  to  particular  cases  of  work  on  the 
frontier  between  chemistry  and  mathematical  physics,  because  I  do 
not  think  it  my  duty  here  to  enter  into  criticism  of  disputable 
matter.  It  has  not  been  the  custom  for  the  Fellows  of  the  Society 
at  the  Annual  Meeting  to  criticise  the  President's  address,  and 
it  is  better  that  the  address  should  rather  be  suggestive  than 
polemic.  It  is  therefore  not  in  a  critical  spirit  that  I  speak  of  the 
theories  propounded  by  Van't  HofF  and  by  Arrhenius.  Whether  these 
theories  are  ultimately  accepted  or  rejected  by  chemists  and  by 
physicists,  we  must  all  admit  that  they  have  been  productive  of  im- 
portant work,  and  that  they  have  set  us  all  thinking  about  matters 
which  it  is  necessary  we  should  look  at  from  all  sides. 

Before  we  can  profitably  criticise  a  theory,  we  must  understand 
it.  and  most  of  us  have,  I  believe,  found  some  difficulty  in  under- 
standing the  theories  of  osmotic  pressure  and  the  dissociation  of  ions. 
I  do  not  blame  the  preachers  of  the  new  doctrines  for  this,  although 
they  might  have  been  more  explanatory,  nor  do  I  think  those  of  us 
who  have  felt  these  difficulties  have  any  reason  to  confess  exceptional 
dulness.  The  doctrines  are  novel  and  strange,  and  no  mode  of  pre- 
senting them  could  have  made  them  easy.  It  is,  of  course,  possible 
to  understand  them;  the  question  is,  is  it  worth  while  ?  Believing 
it  to  be  worth  while,  I  took  some  trouble  in  the  matter,  and  may  per- 
haps be  of  use  to  those,  if  there  are  any,  who  are  now  struggling 
with  the  difficulties  which  perplexed  and,  to  som.e  extent,  still  perplex 
me.  I  hope  those  of  you  who  have  never  felt  these  difficulties  will 
pardon  my  taking  up  their  time  with  two  of  them. 

The  first  has  reference  to  the  very  idea  of  osmotic  pressure.     We 
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have  a  Tnembrane  with  water  on  one  side,  and  a  solution  on  the  other  ; 
although  the  hydrostatic  pressure  is  the  same  on  the  two  sides,  water 
goes  through  from  the  water  side  to  the  solution  side.  We  should 
naturally  suppose  that  this  implies  the  existence  of  a  pressure  which 
drives  the  water  through,  and  can  be  measured  by  the  hydrostatic 
pressure  which  has  to  be  applied  from  the  solution  side,  so  as  to 
balance  it  and  prevent  water  going  through.  But  the  "  osmotic 
j^ressure  "  of  the  theory  is  from  the  solution  against  the  membrane, 
contrary  to  the  direction  in  which  the  water  flows.  To  reconcile  this 
paradox,  we  must  consider  the  nature  of  the  osmotic  pressure  of  the 
theory.  The  thinnest,  most  delicate  septum  interposed  between  the 
solution  and  the  water  is  unaffected  by  the  osmotic  pressure,  if  it  is 
impermeable  to  water.  Indeed,  a  membrane  permeable  to  the  solvent 
and  impermeable  to  the  thing  dissolved,  is  necessary,  not  only  for 
making  observations  on  "  osmotic  pressure,"  but  even  for  forming  a 
conception  of  it,  and  therefore,  whenever  we  come  to  a  difficulty,  we 
shall  only  get  into  more  confusion  if  we  try  to  reason  out  the  case  by 
means  of  ideas  connected  with  ordinary  pressure.  We  must  go 
back  to  the  real,  practical  definition  of  osmotic  pressure  as  the  differ- 
ence between  the  hydrostatic  pressure  on  the  two  sides  of  the  mem- 
brane permeable  to  the  solvent,  impermeable  to  the  thing  dissolved, 
when  there  is  equilibrium. 

An  analogy  which  has  been  used  to  make  the  thing  clearer  does  not 
get  over  the  real  difficulty.  We  are  asked  to  suppose  a  cell  com- 
pletely surrounded  by  a  thin  wall  of  palladium,  and  containing 
nitrogen  at  pressure  pi.  The  cell  is  placed  in  a  vessel  containing 
hydrogen,  kept  always  at  pressure  ^2-  It  is  assumed  that,  as  palladium 
is  permeable  to  hydrogen  and  not  to  nitrogen,  hydrogen  will  go  in 
until  the  partial  pressure  of  the  hydrogen  in  the  cell  is  equal  to  the 
pressure  outside,  that  is,  to  p-z-  The  pressure  inside  will,  when  equi- 
librium is  established,  he  pi  +  pz.  Here  it  is  said  jOj,  the  difference  of 
pressure  on  the  two  sides  of  the  semipermeable  palladium,  corre- 
sponds to  the  osmotic  pressure.  The  analogy  holds  to  a  certain 
extent,  and  I  have  experienced  its  helpfulness,  but  there  is  this 
essential  difference,  that  the  pressure  of  the  enclosed  nitrogen  can  be 
quite  well  measured  by  means,  say,  of  an  impermeable  piston,  before 
the  cell  is  put  into  the  vessel  of  hydrogen  at  all.  The  final  pressure 
in  the  palladium  cell  is  the  original  inside  pressure  plus  the  outside 
pressure ;  whereas  the  semipermeable  membrane  with  solvent  outside 
is  necessary  for  the  mere  observation  of  osmotic  pressure,  and  the 
final  pressure  in  the  osmotic  cell  may  be  much  greater  than  the  sum 
of  the  external  pressure  and  the  original  internal  pressure.* 

*  If  we  assume  that,  as  it  is  the  excess  of  hydrogen  pressure  outside  over  tlie 
hydrogen  pressure  inside  that  drives  the  hydrogen  in  through  the  palladium,  so  it  is 
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The  second  difficulty  I  have  to  speak  of  is  connected  with  the 
doctrine  of  the  dissociation  of  the  ions. 

Let  us  imagine  a  mixture  of  hydrogen  and  chlorine  in  the  propor- 
tion in  which  they  unite  placed  in  a  closed  vessel  kept  in  the  dark,  at 
ordinary  pressure,  and  at  such  a  temperature  that  no  combination 
occurs.  Here  we  have  the  hydrogen  and  the  chlorine  particles 
(molecules)  moving  freely  about  among  each  other,  each  at  its  own 
proper  speed,  colliding  and  rebounding,  but,  under  the  pressure  and  at 
the  temperature  we  are  supposing,  practically  uninfluenced  otherwise 
b^^each  oth'^r's  presence.  (If  an  opportunity  were  given  for  diffusion 
into  an  indifferent  gas,  the  hydrogen  would  to  a  large  extent  diffuse 
away,  leaving  in  the  vessel  a  mixture  containing  a  large  excess  of 
chlorine.)  Let  us  now  suppose  a  spark  passed  through  the  vessel ; 
combination  occurs ;  much  heat  is  given  out.  We  find  that  the 
hydrogen  and  chlorine  no  longer  move  independently  ;  diffusion  does 
not  separate  them.  Dissolve  the  hydrochloric  acid  gas  in  water,  and 
so  make  a  dilute  solution.  More  heat  is  given  out,  and  yet  the 
theory  asserts  that  in  this  dilute  solution  the  hydrogen  and  chlorine 
particles  are  moving  about  among  each  other  as  independently  as  in 
the  gas,  nay,  that  there  is  in  the  dilute  solution  an  additional  kind  of 
freedom,  as  the  particles  are  single  atoms  and  not  pairs,  as  in  the 
mixture  of  hydrogen  and  chlorine  gas. 

And,  according  to  the  theory,  these  hydrogen  atoms  are  moving  at 
a  speed  proper  to  them,  and  the  chlorine  atoms  at  a  speed — much  less 
— proper  to  thera,  but  they  do  not  now  diffuse  away  from  one  another, 
if  the  solution  is  placed  in  contact  with  pure  water.  What  diffuses 
is  hydrochloric  acid,  or,  according  to  the  theory,  hydrogen  and 
chlorine  atoms  in  equal  numbers.  We  have,  then,  decomposition  of 
hydrochloric  acid  without  absorption  of  heat  and  independent  move- 
ment of  hydrogen  and  chlorine  atoms  at  differeiit  speeds  without  the 
possibility  of  separation  by  diffusion.  This  apparent  paradox  has 
stumbled  many.^  The  solution  of  the  paradox  turns,  as  you  all  know, 
on  the  electric  charges  of  the  ions ;  but  instead  of  saying  again,  what 
has  been  better  said  by  Ostwald  and  other  advocates  of  the  theory,  I 
shall  conclude  wnth  a  sort  of  parable,  leaving  its  application  to  you. 

A  parable  is  not  a  strict  analogy — it  does  not  fit  at  every  point — 
but  it  may  help  the  imagination  where  it  needs  help,  and  only  a  very 
simple  person  will  be  misled  by  such  parts  of  the  parable  as  do  not 
fit. 

the  excess  of  water  pressure  outside  over  water  pressure  inside  that  drives  the  water 
in  through  the  semipermeable  wall  of  the  osmotic  cell,  we  come  to  the  conclusion 
that,  in  a  solution  at  ordinary  pressure,  the  partial  pressure  of  the  water  is  often 
negative.  This  is  not  an  absurdity,  and  tliere  is  no  insuniiountable  difficulty  in 
reconciling  it  with  the  theory  of  the  cause  of  osmotic  pressure. 
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Let  US  suppose  a  nomad  tribe,  consisting  of  1,000  or  1,000,000,  or 
any  large  number  you  please,  of  men,  all  exactly  alike,  and  each  the 
owner  of  a  cow.  The  cows,  which  are  all  exactly  alike,  are  all  private 
property,  but  the  land  is  common,  and  each  man,  accompanied 
always  by  his  cow,  moves  about  from  place  to  place  v\rithiu  the  terri- 
tory of  the  tribe.  The  men  meet  one  another  every  now  and  then, 
but  only  exchange  a  word  or  two,  and  move  oft',  each  with  his  cow. 
Now  we  shall  suppose  a  change  of  climate,  or  an  accession  of  terri- 
tory, or  other  change  of  circumstances,  such  that  it  is  found  more  con- 
venient that,  instead  of  each  man  owning  a  single  cow — his  very  own 
— a  number  of  men  club  together,  so  that  each  man  of  Ihe  n  members 
of  the  club  has  one  share  in  the  property  of  the  club,  that  is  1/wth 
share  of  n  cows.  He  gets  a  share  certificate,  and  the  cows  are  marked 
as  club  property.  A  member  of  the  club  need  no  longer  accompany  his 
covv  everywhere — he  has  no  particular  cow — he  can  go  about  inde- 
pendently ivherever  there  are  cluh  cotvs,  attending  to  such  as  he  comes 
across.  But  his  interest  in  the  club  property  (his  property)  prevents 
his  wandering  away  where  there  are  no  club  cows,  and,  similarly, 
club  cows  may  go  about  freely  wherever  there  are  cluh  members,  but 
are  not  allowed  to  wander  away  to  places  where  there  are  none.  No 
one  looking  at  this  new  state  of  society  would  say,  "  These  men  have 
given  up  their  cows  for  nothing."  They  have  not  given  them  up. 
They  still  possess  them,  and  if  you  want  them  you  will  have  to  pay 
for  them,  just  as  you  would  have  had  to  pay  the  individual  owners. 

Co-existent  with  such  a  club  there  might  be  private  ownership ; 
indeed,  the  proportion  of  club  members  to  private  owners  would 
depend  on  the  extent  to  which  the  change  favourable  to  club  life  had 
gone.  Vfe  may  further  suppose  that  the  men  are  not  all  alike,  and 
that  some  joined  the  club  with  two  cows  each,  some  with  horses — 
each  member's  share  certificates  corresponding  to  the  property  he 
brought  in.  If  circumstances  change,  so  that  club  life  becomes  rather 
less  advantageous,  some  members  will  be  paid  oft,^  giving  up  their 
share  certificates  and  getting  each  a  cow  or  a  horse  or  two  cows  (from 
which,  of  course,  the  club  mark  is  removed),  according  to  the  number 
of  his  share  certificates,  the  club  always  retaining  those  members 
and  that  kind  of  property  most  suitable  for  the  club. 

I  mighc  pursue  the  matter  further,  and  speak  of  a  tinman  who, 
having  originally  two  shares,  steals  a  share  from  each  of  two  iron- 
men,  who  have  three  each,  and  goes  about  with  four  shares,  and  is 
sometimes  paid  off  at  that  rate,  while  his  victims  have  to  do  with  two 
each ;  but  I  forbear. 

I  have  presented  these  remarks,  not  as  arguments  in  favour  of  the 
now  theories — they  are  useless  for  that  purpose — but  as  helps  towards 
understanding  them. 
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We  are  sometimes  asked  if  we  believe  such  and  such  a  theory  to 
be  tnio.  The  question  is  really  an  absurd  one.  It  ought  to  be,  Is  the 
theory  applicable,  is  it  likely  to  be  productive,  does  it  lead  to  clearer 
notions  as  to  the  relation  of  phenomena  to  one  another,  and  so  towards 
wider,  more  generally  applicable,  more  useful  theories?  Answers  to 
these  questions  will  soon  accumulate — answers  either  affirmative  or 
negative,  which  will  make  the  discussion  of  the  truth  of  a  theory  a 
needless  one. 


Sir  Henry  B-oscoe  proposed  a  vote  of  thanks  to  the  President, 
coupled  with  the  request  that  he  allow  his  address  to  be  printed. 
Dr.  Gladstone  seconded  the  motion,  which  was  carried  by  acclama- 
tion.    The  President  having  thanked  the  meeting,. 

Professor  Thorpe,  the  Treasurer,  gave  an  account  of  the  balance 
sheet  which  he  laid  before  the  Society  duly  audited.  The  receipts 
had  been: — By  admission  fees  and  subscriptions,  £3545;  by  sale  of 
Journal,  £408  Is.  Aid. ;  and  by  dividends  on  invested  capital,  £367 
12s.  \0d.  The  expenses  had  been: — On  account  of  the  Journal, 
£2798  155.  \Qd.  ;  on  account  of  the  Proceedings,  £159  145.  hd. ;  on 
account  of  the  Library,  £277  65.  26^. ;  the  total  expenditure  being 
£3989  I5.  Qd.  Grants  amounting  to  £406  55.  4cZ.  had  been  made  to 
Fellows  from  the  Research  Fund  during  the  year.  As  illustrating 
the  growth  of  the  Society's  work,  the  Treasui'er  mentioned  that 
whereas  the  expenditure  on  the  Journal  had  been  only  £1733  II5.  10(7. 
in  1882,  in  1887  it  had  risen  to  £2026  I65.  9cL,  and  this  year  amounted 
to  £2798  155.  \0d.  He  anticipated  that  the  proposed  alterations  and 
redecorations  of  the  Society's  rooms  during  the  coming  long  vacation 
would  absorb  nearly  £1000  of  the  balance  now  at  the  bank. 

Mr.  David  Howard  proposed  that  the  thanks  of  the  Fellows  be 
tendered  to  the  Treasurer  for  his  services  during  the  past  year;  this 
motion  was  seconded  by  Professor  E.  Frankland. 

Sir  Henry  Roscoe  having  asked  for  information  with  reference  to 
the  Report  of  the  Jubilee  Meeting,  and  with  regard  to  the  Learned 
Societies'  Registration  Bill,  both  items  of  charge  in  the  balance 
sheet.  Dr.  Armstrong  said  that  the  former  was  in  hand,  and  would 
ere  long  be  ready  for  issue  ;  unfortunately  they  had  been  unable  to 
induce  any  Government  Department  to  take  charge  of  the  Registra- 
tion Bill,  and  he  feared  that  there  was  but  little  chance  of  getting  it 
brought  forward  unless  promoted  as  a  private  measure. 

Mr.  Cassall,  after  a  reference  to  the  cost  of  printing  the  suggested 
alterations  in  the  bye-laws,  which  he  supposed  was  included  in  the 
cost  of  printing  the  Proceedings,  asked  the  President  whether  ho  had 
received  a  letter,  and  was  prepared  to  consider  the  request  therein 
made  that  he  would   inspect  the  documents  in  which  a  number  of 
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Fellows  of  the  Society  had  expressed  their  wishes  with  reference  to 
the  suggested  alterations  in  the  bye-laws. 

The  President  replied  that  he  had  received  a  letter  signed  by  Dr. 
Teed  and  Mr.  Cassall,  and  that  he  could  only  say  that  a  letter  from 
even  one  Fellow  of  the  Society  w^ould  meet  with  every  consideration 
from  him. 

The  vote  of  thanks  to  the  Treasurer  having  been  passed,  the 
Treasurer  proposed  a  vote  of  thanks  to  the  Auditors,  mentioning  that 
be  was  much  indebted  to  Mr.  Tutton  for  his  assistance  in  connection 
with  the  accounts.  Professor  Ramsay  seconded  the  motion,  which 
was  unanimously  adopted,  and  acknowledged  by  Mr.  Dyer. 

Professor  Odling  then  proposed  a  vote  of  thanks  to  the  Council 
and  Officers,  including  the  Editors,  Abstractors,  and  Librarian.  Mr. 
Carteighe  supported  the  motion,  which  was  adopted.  Dr.  Armstrong 
and  Mr.  Groves  having  replied. 

Scrutators  were  appointed,  and  a  ballot  was  then  taken  for  the 
election  of  Officers  and  Council  for  the  ensuing  year :  the  following 
were  subsequently  declared  elected. 

Fresident :   Dr.  A.  Crum  Brown,  F.R.S. 

Vice-Presidents  who  have  filled  the  office  of  President :  Sir  F.  A.  Abel, 
K.CB.,  D.C.L.,  F.R.S.  ;  W.  Crookes,  F.R.S. ;  E.  Frankland,  D.C.L., 
F.R.S. ;  J.  H.  Gilbert,  Ph.D.,  F.R.S.;  J.  H.  Gladstone,  Ph.D., 
F.R.S. ;  A.  W.  Hofmann,  D.C.L.,  F.R.S. ;  H.  MiiUer,  Ph.D.,  F.R.S. ; 
W.  Odling,  M.B.,  F.R.S. ;  W.  H.  Perkin,  Ph.D.,  F.R.S. ;  Sir  Lvon 
Playfair,  Ph.D.,  K.C.B.,  F.R.S. ;  Sir  H.  E.  Roscoe,  LL.D.,  F.rIs.  ; 
W.  J.  Russell,  Ph.D.,  F.R.S.;  A.  W.  Williamson,  LL.D.,  F.R.S. 

Vice- Presidents :  A.  Vernon  Harcourt,  F.R.S.  ;  W.  N.  Hartley, 
F.R.S.;  John  Pattinson ;  William  Ramsay,  F.R.S.;  William  A. 
Tilden,  F.R.S. ;  Robert  Warington,  F.R.S. 

Secretaries:  H.  E.  Armstrong,  Ph.D.,  F.R.S.;  J.  Millar  Thomson, 
F.R.S.E. 

Foreign  Secretary  :  Raphael  Meldola,  F.R.S. 

Treasurer:  T.  E.  Thorpe,  B.Sc,  F.R.S. 

Ordinary  Members  of  Council:  Henry  Bassett;  Norman  Collie, 
Ph.D.;  Harold  Dixon,  F.R.S.;  John  Ferguson,  M.A. ;  R.  J.  Fris- 
well;  John  Heron;  M.  M.  P.  Muir ;  F.  J.  M.  Page;  W.  H.  Perkin, 
jun.,  F.R.S.;  S.  U.  Pickering,  M.A. ;  John  A.  Yoelcker,  Ph.D.; 
W.  P.  Wynne,  B.Sc. 
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OBITUARY    NOTICES. 


By  the  untimely  deatli  of  John  Leigh  Hoskyns-Abrahall,  at  the 
age  of  26,  English  science  loses  one  who  would  have  added  to  its 
laurels.  Leigh  Abrahall  was  born  in  1865  at  Combe  (near  Wood- 
stock), of  which  place  his  father,  the  Rev.  John  Hoskyns-Abrahall, 
M.A.  (a  distinguished  scholar),  was  vicar.  He  received  his  early 
education  at  the  Forest  School,  Walthamstow,  under  Dr.  Guy,  and 
at  Eton  College,  where  he  held  a  King's  Scholarship.  From  Eton  he 
went,  in  1884,  with  a  demyship,  to  Magdalen  College,  Oxford.  At 
this  university  he  took  a  second  class  in  Matbematical  Moderations 
and  a  first  class  in  the  Final  Honours  School  of  Chemistry.  During 
his  stay  at  Oxford,  and  while  working  under  the  direction  of  Pro- 
fessor Odling,  he  published  an  original  research  on  phenylsulphonic 
anhydride,  a  compound  which  he  succeeded  in  preparing  in  the  pure 
state  for  the  first  time.  He  proceeded  to  the  degree  of  B.A.  in  1887, 
and  his  demyship  was  then  renewed  to  him  by  his  college,  to  enable 
him  to  study  at  Munich  in  Professor  Baeyer's  laboratory.  Here  he 
worked  with  Dr.  Bamberger  on  the  "alicyclic"  1  :  5-tetrahydrodi- 
amidonaphthalene,  a  compound  of  considerable  importance  in  con- 
nection with  Bamberger's  remarkable  researches  on  the  hydronaph- 
thylamines ;  he  was,  however,  much  to  his  regret,  forced  to  abandon 
the  subject,  owing  to  repeated  attacks  of  eczema,  brought  on  by  the 
compounds  under  investigation.  He  then  migrated  to  Professor 
Groth's  mineralogical  laboratory,  where  he  worked  at  crystallo- 
graphy, and  carried  out  a  series  of  careful  analyses  of  pure  apatites 
of  various  origins.  These  analyses  led  him  to  a  conclusion  which 
differs  from  those  put  forward  by  previous  observers.  He  assigns 
to  apatite  the  formula  Caio(P04)6(F2,Cl2,0),  the  fluorine  and  chlor- 
ine being  replaceable  in  isomorphous  crystals  by  equivalent  amounts 
of  oxygen,  as  Marignac,  in  1865,  had  found  to  be  the  case  in  the 
fluoroxyniobates,  fluoroxytantalates,  fluoroxytungstates,  &c.  This 
work  was  published  as  an  inaugural  dissertation,  and  obtained  for 
the  author  the  doctor's  degree  at  the  University  of  Munich.*  In 
December,  1888,  Abrahall  was  elected  a  Bishop  Berkeley  Fellow  of 
the  Owens  College,  Manchester,  and  on  the  expiration  of  this  fellow- 
ship he  was  elected  to  an  honorary  research  fellowship,  which  he 
held  until  his  death.  Nearl}^  the  whole  of  his  working  time  in  Pro- 
fessor Dixon's   laboratory   was    given  to  a   research    on  the  atomic 

*  An  original  essay  on  isomorphism,  in  which  the  views  of  previous  obsei'vers  are 
criticised  in  detail,  was  doubtless  suggested  by  this  investigation;  it  was  unfortun- 
ately left  in  a  fragmentary  state. 
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weight  of  boron,  the  details  of  which  will  shortly  be  published.  His 
iresults  show  that  the  atomic  weight  of  boron  must  be  reduced  from 
11,  the  number  given  by  Berzelius,  to  about  10"8.  The  determina- 
tion was  a  difficult  and  delicate  one,  and  Abrahall  spared  no  pains 
in  making  it  as  accurate  as  possible.  The  final  results,  agreeing 
as  they  do  to  within  1/5000  of  their  value,  would,  however,  scarcely 
have  satisfied  the  author  had  he  lived  to  calculate  them  out  himself, 
and.  he  would,  doubtless,  have  continued  and  completed  the  work, 
for  which  he  left  a  certain  amount  of  pure  material. 

Abrahall  had  the  qualities  which  make  a  true  chemist — scientific 
culture  and  imagination,  manual  dexterity,  and  the  most  unyielding 
patience  and  determination  in  overcoming  difficulties.  It  was  not 
unusual  for  him  to  spend  10  or  12  hours  continuously  in  the  labora- 
tory. He  found  relaxation  in  the  study  of  languages  (Icelandic, 
Russian,  and  Greek),  in  sketching,  and  in  taking  long  walks.  As  a 
walker  and  climber  he  was  indefatigable.  During  vacations  spent  in 
the  Tyrol  and  in  Iceland,  he  spent  days  on  the  mountains  alone  and 
without  a  guide.  On  his  return  from  Iceland  he  published  an  interesting 
iiccount  of  a  visit  to  the  unique  quarry  of  Iceland  spar  at  Eskif  jordhr. 
In  August  of  last  year  he  set  out  with  his  father  for  a  journey  to 
Italy,  Sicily,  and  Greece,  of  which  he  has  left  a  record  in  a  series  of 
letters  full  of  vivid  description  and  delightful  touches  of  humour. 
They  tell,  too,  of  the  indomitable  physical  energy  of  the  writer,  and  of 
a  personal  recklessness  which,  unfortunately  proved  fatal.  Abrahall 
;seems  not  to  have  realised  the  danger  of  passing  the  night  in  the 
open  in  the  treacherous  southern  climates ;  he  slept  on  the  bare 
ground  on  the  sides  of  Vesuvius  and  Etna,  and  on  the  marshy  plains 
of  Greece.  Here  both  he  and  his  father  contracted  malarial  ague,  to 
which  they  succumbed  within  a  week  of  one  another,  shortly  after 
their  return  home.  Leigh.  Abrahall  died  at  Bedford,  on  October  12th, 
1891.  Unconventional  and  outspoken  to  a  fault,  though  full  of 
gentleness  and  courtesy,  he  cared  nothing  for  personal  advancement, 
and  mixed  little  with  the  world.  His  near  friends  will  long  miss 
his  presence.  They  will  keep  the  memory  of  a  life  of  which  work 
and  achievement  were  the  sole  ideals. 

The  titles  of  J.  L,  Hoskyns-Abrahall's  papers  are  as  follows  : — "  On 
Phenylsulphonic  Anhydride  "  (Journ.  Chem.  Soc,  1886,  692),  "  Ueber 
1  :  6-ac.-Tetrahydronaphtylendiamin "  (Ber.,  1889,  943),  "Ueber 
die  Zusammensetzung  des  Apatits  "  (^Inaugural  Dissertation^  Munich, 
H.  Kutzner,  1889),  "A  Visit  to  the  Calcite  Quarry  in  Iceland." 
, (Miner alogical  Magazine,  9,  179),  "  On  the  Atomic  Weight  of  Boron  " 
.(Preliminary  abstract,  Proc.  Chem.  Soc,  1892),  "  An  Ascent  of  Etna  " 
.(a  letter  published  posthumously  in  the  Manchester  Guardian,  April 
19th,  1892"),  "On  the  Atomic  Weight  of  Boron"    (a  posthumous 
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paper),  **  On  (Chemical)  Stability  "  (an  nnpublishecl  mathematical 
paper,  in  whicti  original  views  are  put  forward,  read  before  the 
Owens  College  Chemical  Society  in  1889).  P.  T.  H. 

Albert  James  Bernats  was  born  in  London  in  1823,  and  was  the 
son  of  a  well-known  professor  of  languages  at  King's  College.  He 
was  educated  at  King's  College  School,  and  subsequently  studied 
chemistry  under  Fresenius  and  Liebig,  taking  the  degree  of  Ph.D.  at 
Giessen. 

In  1845  Dr.  Bemays  established  a  laboratory  in  Derby,  lectured  on 
Agricultural  Chemistry,  and  soon  became  known  in  that  town  from 
the  interest  he  took  in  questions  relating  to  food  and  hygiene.  Ho 
also  lectured  in  Newcastle-on-Tyne.  Whilst  resident  in  Derby  he 
published  a  book  on  Household  Chemistry,  which  ran  through  several' 
editions.  In  1851  he  served  as  a  juror  at  the  Great  Exhibition,  and 
it  was  in  this  year  that  he  discovered  limonin,  the  bitter  principle  of 
the  pips  of  lemons,  oranges,  &c. 

In  1855  Dr.  Bemays  was  appointed  Lecturer  on  Chemistry  in  the 
Medical  School  of  St.  Mary's  Hospital,  a  post  which  he  resigned  in 
1860,  on  his  appointment  to  a  similar  lecturership  at  St.  Thomas's 
Hospital.  Here  he  lectured  on  chemistry  and  on  toxicology  till  his 
death.  His  care  and  exactitude,  coupled  with  a  lucid  manner  of 
exposition,  made  him  a  sound  and  effective  teacher,  and  as  such  he 
was  fully  appreciated  by  his  colleagues  and  pupils.  His  warmth  of 
heart,  honesty  of  character,  and  deep  interest  in  the  welfare  of 
medical  students  are  held  in  grateful  recollection  by  successive 
generations  of  his  pupils. 

In  the  Metropolis,  Dr.  Bernays  soon  became  a  recognised  authority 
on  many  questions  of  hygiene  and  applied  chemistry,  and  his  con- 
tributions to  applied  chemistry  were  numerous.  Among  these  may 
be  mentioned  his  "  Investigations  on  the  Atmosphere  of  Cornish 
Mines,"  and  "  Dangerous  Trades,"  and  his  inventions  in  water  filtra- 
tion ;  also  his  researches  on  the  analysis  of  water  and  food.  He  also 
published  several  manuals  for  the  use  of  students  and  others,  and 
held  many  important  posts  of  public  analyst,  and  was  for  many  years 
consulting  chemist  and  analyst  to  the  Kent  Water  Company. 

In  addition  to  his  scientific  labours.  Dr.  Bernays  took  a  deep  and 
active  interest  in  social  matters,  and  was  an  effective  public  speaker. 
To  the  last,  the  welfare  of  those  around  him  actively  engaged  his 
attention ;  and  in  proof  of  this  it  may  be  mentioned  that  he  delivered 
over  a  thousand  free  lectures  on  such  subjects  as  food,  health,  explo- 
sions in  mines,  cremation,  &c.  He  died  at  Brixton  on  January  5, 
1892,  in  his  69th  year,  after  a  brief  illness ;  and  by  his  desire  his. 
remains  were  cremated.  T.  S. 
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Thomas  Hyde  Hills  was  born  at  Maidstone  in  1815,  and  was 
educated  first  at  the  local  Grammar  School,  and  subsequently  at  Gond- 
hurst,  Kent.  In  1830,  he  was  apprenticed  to  Mr.  Thorby,  chemist,  of 
Brighton,  but  left  there  in  1837,  and  came  to  London,  where  he 
entered  the  well-known  pharmaceutical  establishment  of  John  Bell 
and  Co.,  Oxford  Street.  In  1848  he  became  a  partner  in  the  firm, 
and  in  1859,  on  the  death  of  Jacob  Bell,  sole  proprietor. 

Mr.  Hills  was  intimately  associated  with  the  rise  and  progress  of 
the  Pharmaceutical  Society,  established  in  1841  mainly  owing  to  the 
^efforts  of  his  friend  and  partner  Jacob  Bell.  He  was  elected  to  the 
'Council  in  1860,  was  Vice-President  from  1863  to  1868,  Treasurer 
from  1868  to  1873,  and  President  from  1873  to  1876.  He  retired 
from  the  Council  of  the  Pharmaceutical  Society  in  1881. 

Mr.  Hills  was  elected  a  Member  of  the  Council  of  the  Chemical 
Society  in  1877.  He  died  on  November  19,  1891,  after  a  lingering 
and  protracted  illness. 

Mr.  Hills  was  well  known  in  the  scientific  and  artistic  circles  of 
London.  Although  he  was  not  an  original  worker  in  science,  he  took 
a  deep  interest  in  its  advancement,  and  was  continually  stimulating 
and  encouraging  others  to  devote  their  energies  to  original  research. 
In  connection  with  the  Chemical  Society,  an  effort  was  made  by  him 
in  1872  to  institute  and  maintain  a  small  special  fund  to  be  ex- 
pended in  money  grants  to  investigators,  and  for  this  purpose  he 
presented  the  Society  with  a  donation  of  £10,  and  offered  the  con- 
tinuance of  a  like  donation  for  several  years  under  conditions  in- 
tended to  elicit  co-operation.  Although  this  proposal  did  not  at  the 
time  meet  with  the  response  which  it  merited,  the  suggestion  was,  a 
few  years  later,  owing  to  the  liberality  of  Dr.  Longstaff  and  others, 
realised  in  the  establishment  of  the  Chemical  Research  Fund.  It 
may  also  be  added  that  the  appointment  for  the  first  time  of  a  Pro- 
fessor of  Chemistry  in  the  Royal  Academy  of  Arts  in  London  was 
largely  due  to  Mr.  Hill's  persevering  efforts  among  his  Academician 
friends. 

The  death  of  Thomas  Hyde  Hills  removes  one  who  by  his  generous 
and  kindly  encouragement  did  much  to  aid  the  progress  of  chemical 
science,  and  there  are  many  successful  Fellows  of  the  Society  who 
have  reason  to  feel  specially  grateful  to  him  for  assistance  and  kindly 
counsel  in  their  young  days.  By  these  and  many  others  who  knew 
him,  Thomas  Hyde  Hills  will  ever  be  held  in  grateful  remembrance. 

W.  H. 

By  the  death  of  Charles  Heisch  the  Society  loses  another  of  its 
original   members.     Charles    Heisch   was    born    at    Blackheath    on 
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August  2,  1820,  and  was  the  youngest  son  of  Frederic  Heisch,  of 
Cox,  Heisch,  and  Co.,  America  Square,  London. 

In  consequence  of  his  early  liking  for  scientific  experiments,  &c.,  he^ 
became,  about  the  age  of  15,  a  pupil  of  Richard  Phillips,  F.R.S.,  in. 
his  laboratory  at  St.  Thomas's  Hospital,  and  continued  his  studies- 
with  that  chemist  at  the  laboratory  in  Craig's  Court,  Charing  Cross,, 
then  attached  to  the  Geological  Survey,  which  afterwards  developed, 
into  the  Royal  School  of  Mines. 

In  1842,  Heisch  was  appointed  Assistant  Lecturer  on  Chemistry  at 
St.  Thomas's  Hospital  with  Dr.  Leeson ;  in  1848  he  was  elected  joint 
Lecturer  in  Chemistry  (with  Mr.Thomas  Taylor)  at  the  Middlesex: 
Hospital,  and  on  the  subsequent  retirement  of  Mr.  Taylor  he  became 
sole  Lecturer  in  the  subject  until  he  resigned  the  chair  in  1875.  On. 
March  11,  1869,  he  was  elected  Superintending  Gas  Examiner  to  the 
Corporation  of  the  City  of  London,  a  post  which  he  retained  till  his. 
death,  after  a  short  illness,  at  Brighton,  on  January  2,  1892. 

Heisch  was  present  at  the  meeting  on  March  30,  1841,  when  it  was- 
determined  to  found  the  Chemical  Society ;  he  was  also  present  at 
the  Jubilee  Dinner  of  the  Society  on  February  25,  1891.  He  read  a 
paper  before  this  Society,  "  On  the  Quantitative  Estimation  of 
Cyanogen  in  Analysis,"  in  1849,  and  a  second  paper,  "  On  the- 
Organic  Matter  in  Water,"  1870,  which  contained  an  account  of 
his  well-known  "  sugar  test."  Among  his  other  papers  may  be- 
mentioned  the  following  : — "  On  the  Method  of  Testing  the  Illumin- 
ating Power  of  Gas,  with  special  reference  to  Burners,"  read  before 
the  British  Association  of  Gas  Managers  in  1870,  and  an  important 
joint  report  to  the  Gas  Institute  by  F.  W.  Hartley  and  C.  Heisch, 
"  On  a  Consistent  Method  of  Estimating  the  Illuminating  Power  of 
Gas  of  Different  Qualities,"  which  provoked  at  the  time  much  dis- 
cussion. He  also  had  a  considerable  share  in  starting  the  Society  of 
Public  Analysts,  and  was  elected,  at  its  foundation  in  1874,  joint 
Secretary  with  Mr.  Wigner,  a  post  which  he  filled  until  he  was 
elected  President  in  1881  and  1882.  He  contributed  many  short 
papers  to  the  Analyst  on  the  melting  point  of  fats,  and  on  cocoa, 
milk,  pepper,  &c.  He  was  Public  Analyst  to  the  district  of  Lewisham, 
St.  John's,  Hampstead,  and  the  borough  of  Hertford. 

Heisch  was  an  accomplished  musician,  and  at  one  portion  of  his- 
life  devoted  much  time  to  photography.  He  married  in  1869,  and 
leaves  a  widow,  but  no  family.  Those  Fellows  who  had  the  pleasure 
of  his  acquaintance  will  long  remember  his  fine  presence,  his  courteous- 
manner,  and  his  characteristic  laugh.  J.  F.  M.  P. 
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XLVI. — Indications  of  a  possible  New  JElement  in  an  Egyptian 

Mineral, 

By  H.  Deoop  Eichmond,  and  Dr.  Hussein  Off,  Khedivial  Laboratory, 

Cairo. 

His  Excellency  Johnson  Pasha  submitted  to  us,  during  1890  and  1891, 
several  specimens  of  a  fibrous  alum,  found  by  him  in  geological 
investigations  in  little  known  parts  of  Egypt ;  deeming  them  of  little 
interest  at  first,  we  put  them  aside  in  favour  of  other  specimens  from 
liis  numerous  and  valuable  collection. 

In  the  middle  of  1891,  we  received  from  him  a  larger  quantity  of 
these  alums,  and  examined  them  more  closely,  and  in  all  detected 
cobalt,  a  hitherto  unknown  substance  in  Egypt,  in  quantities  varying 
from  1*02  per  cent,  to  3*63  per  cent.  At  the  request  of  the  holder  of 
the  concession  from  the  Egyptian  Government  of  the  right  to  work  the 
minerals  in  the  district  where  they  were  found,  we  extracted  a  con- 
siderable quantity  of  cobalt  from  these  alums,  and  in  doing  so 
observed  a  substance  with  whose  properties  we  were  not  familiar. 

We  dissolved  a  considerable  quantity  (100  kilos.)  of  this  alum  in 
water,  and  added  acetic  acid  and  sodium  acetate,  and  through  this 
solution  we  passed  sulphuretted  hydrogen,  when  a  white  precipitate 
was  throvm  down  ;  this  was  filtered  off,  and  on  passing  more  sulph- 
uretted hydrogen,  was  succeeded  by  a  black  precipitate  containing 
cobalt  and  iron  sulphide  ;  the  white  precipitate  was  well  washed, 
extracted  with  dilute  hydrochloric  acid,  then  boiled  with  aqua  regia, 
and  the  solution  filtered  and  left  to  cool ;  a  small  quantity  of  calcium 
sulphate  separated,  and  after  it  was  removed,  the  solution  was  evapor- 
ated and  taken  up  again  with  dilute  hydrochloric  acid,  and  precipi- 
tated by  ammonia.  The  precipitate  thus  obtained  was  washed, 
dissolved  in  a  small  excess  of  sulphuric  acid,  and  crystallised  from 
50  per  cent,  alcohol ;  a  second  crystallisation  gave  us  a  nearly  white 
sulphate,  and  removed  the  bulk  of  the  iron  salts  present ;  the  sulphate 
was  then  dissolved  in  water,  and  precipitated  by  caustic  soda,  in 
which  the  whole  of  the  precipitate  except  a  little  iron  oxide  was 
soluble ;  on  precipitating  the  caustic  soda  solution  by  ammonium 
chloride,  a  white  precipitate  was  obtained,  which  was  dissolved  in 
hydrochloric  acid,  and  the  treatment  with  caustic  soda  and  ammo- 
nium chloride  repeated. 

This  well-washed  precipitate  was  then  dissolved  to  saturation  in 
hot  dilute  hydrochloric  acid,  and  gave  a  solution  acid  to  litmus,  and 
absolutely  neutral  to  methyl- orange. 

We  took  three  portions  of  25  c.c.  each,  and  one  of  17*5  c.c,  and 
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precipitated  with  ammonia  (a),  sodium  phosphate  and  ammonia  (y3), 
silver  nitrate  (7),  and  ammonium  oxalate  (5). 
The  weights  of  the  precipitates  were  : — 

a.  0-176  gram;  calc.  0*059  gram. 

p.  \j'2iOO  ,,  ,,  5,  5) 

7.     0-354      „      =  0-0851  gram  CI  =  0-057  gram  P2O5. 

b.  0-176      „      leaving  O'lOS  gram  or  58-5  per  cent,  on  ignition  = 

for  25  c.c.  0-147  gram. 

These  results  show  that  an  element  of  high  molecular  weight  was 
present,  and  the  practical  agreement  between  the  phosphoric  acid 
calculated  from  two  sources  indicates  that  the  precipitation  was  prac- 
tically complete.  The  amount  of  substance  obtained  on  igniting  the 
precipitate  with  ammonium  oxalate  afforded  evidence  that  we  were 
dealing  with  a  mixture. 

We  then  precipitated  a  quantity  of  our  solution  with  ammonium 
oxalate,  washed  the  precipitate,  and  ignited  it ;  the  residue  was  dis- 
solved without  any  great  difficulty  in  hydrochloric  acid,  the  solution 
neutralised  and  again  precipitated  with  ammonium  oxalate ;  precipi- 
tation was  proved  to  be  complete  the  second  time ;  the  first  precipi- 
tation left  a  quantity  of  alumina  in  solution. 

We  dried  the  precipitate  at  130°  for  four  hours,  and  made  the  fol- 
lowing determinations : — 

(a.)  0-2015  gram  left   0*115    gram  (slightly  grey)  on  ignition. 


„       „      0-113 

)) 

(white)  on  further  ignition. 

(6.)   0-1895      „      gave  0-0529 

5) 

oxalic  acid  by  titration. 

(c.)    0-2125      „         „    0-0586 

5) 

5J                                     J) 

{d.)  0*2965      „      left   0*168 

?) 

on  ignition  (greyish). 

(e.)    0-2405      „       „      0-137 

It 

?>                                     5> 

and  gave  0-0755 

?? 

water. 

(/.)   0-2695  gram  left   0-154 

» 

on  ignition  (greyish), 

and  gave  0-0825 

?> 

water. 

(^.)  0-651    gram  left    0-360 

»5 

on  ignition  (quite  white), 

and  gave  0*208 

JJ 

water. 

These  results  gave  the  following  percentages  : — 

a.          h. 

c. 

d.         e.        f.        g.          Mean. 

Residue  on  igni- 

tion, grey ....      57*1      — 

— 

57*0  57*0  57-1     —      57*05 

Residue  on  igni- 
tion, white ...      56*1      — 



—     —     —     55-3     55-70 

Oxalic  anhydride      —     1595 

15-75    _     —      _      _      15*85 

Water —       — 

— 

—    31-3  30-6  31-9    31-27 

102-87 
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From  tlie  mean  of  these  figures  we  calculated  (assuming  that  the 
residue  is  an  oxide)  an  equivalent  o£  122,  or  114  for  the  corresponding 
metal ;  if  bivalent,  the  metal  would  have  an  atomic  weight  of  228. 

The  periodic  law  of  Newlands  and  Mendeleeff  predicts  an  element 
•of  atomic  weight  225  in  the  family  containing  glucinum,  calcium, 
strontium,  and  barium.  The  following  list  of  reactions  will  show 
that  it  resembles  glucinum  in  many  of  its  properties,  and  calcium  in 
its  oxalate  ;  analogies  to  zinc,  which  occurs  in  the  other  division  of  the 
same  family,  are  also  to  be  noted. 

Eeagent.  Eeaction. 

Caustic  soda White  precipitate  soluble  in  excess. 

Ammonia „  ,,  insoluble  in  excess. 

Sulphuretted  hydrogen     In  an   acid    or   neutral    solution   of   the 

chloride,  nothing  ;  in  an  acetic  solution, 
white,  gelatinous  precipitate  after  some 
time,  the  concentrated  solution  becom- 
ing nearly  solid ;  the  precipitate  is 
easily  soluble  in  hydrochloric  acid,  but 
insoluble  in  acetic  acid. 
White,  gelatinous  precipitate,  insoluble  in 
excess. 

Do.  do.  do. 

White  precipitate,  insoluble  in  a  hot  con- 
centrated solution. 
White  precipitate,  soluble  in  an  excess  of 
the  chloride,  insoluble  in  an  excess  of 
the  reagent. 
Nothing. 

Yellow  precipitate,  soluble  in  an  excess  of 
the  chloride,  insoluble  in  excess  of  the 
reagent. 
White  precipitate,  soluble  in  an  excess  of 
the  chloride,  insoluble  in  excess  of  the 
reagent. 
White  precipitate,  soluble  in  an  excess  of 
the  chloride,  insoluble  in  an  excess  of 
the  precipitant. 
White  precipitate,  soluble  in  excess  ;  am- 
monia and  caustic  soda  do  not  produce 
a  precipitate  in  this  solution. 
Added  to  a  strong  hot  solution  produced 
a  white  precipitate ;  the  filtrate,  after 
boiling  the  whole,  did  not  crystallise 
on  cooling ;  very  little  precipitate  was 


Ammonium  sulphide. . 

Sodium  sulphide 

Ammonium  carbonate  . 

Ferrocyanide  of  potash 


Ferri cyanide  of  potash 
Potassium  chromate'.  . . 


Ammonium  oxalate 


Potassium  cyanide. 


Sodium  potassium   tar 
trate 

Potassium  sulphate  . . . 
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Eeagent.  Keactions. 

obtained   from   it   by  the    addition   of 
ammonia,  and  no  octabedrons  or  cnbes 
were  seen  by  a  microscopic  examina- 
tion of  the  residue  left  on  evaporation. 
Sodium  acetate  ......      On   heating,   a   white    precipitate    falls, 

which   is     completely    redissolved    on 
cooling  the  solution. 
The  oxide  heated  with  cobalt  nitrate  gives  a  somewhat  weak  blue 
coloration. 

The  oxide^  after  ignition,  increases  in  weight  appreciably  on 
exposure  to  the  air,  and  is  completely  soluble  in  hydrochloric  acid  ; 
the  weight  does  not  decrease  by  long  heating  in  a  current  of  hydro- 
gen, but  the  oxide,  as  well  as  the  oxalate,  becomes  a  little  darker 
under  these  conditions. 

The  attempts  made  to  prepare  the  metal  by  reduction  of  the  chloride 
by  sodium,  and  by  electrolysis  of  an  alkaline  tartaric  solution,  failed ; , 
an  alkaline  cyanide  solution  could  not  be  prepared. 

The  solution  of  the  chloride  evaporated  to  dryness  formed  a  nacreous 
mass,  which  does  not  adhere  to  the  capsule,  and  is  moistened  with 
some  difficulty  by  water,  in  which  it  is  completely  soluble  even  after 
a  gentle  ignition ;  this  solution  does  not  crystallise,  but  becomes  a 
syrup  when  concentrated. 

The  sulphate  is  the  only  crystalline  salt  that  we  have  prepared ;  it 
crystallises  well  from  50  per  cent,  alcohol,  and  may  thus  be  fairly  well 
separated  from  ferric  sulphate. 

As  these  properties  do  not  accord  with  those  of  any  known  element,, 
we  propose  to  name  this  substance  provisionally  "  masrium "  from 
Masr  (^»A^),  the  Arabic  name  for  Egypt,  and  the  fibrous  alum  in  which 
it  was  found  "  masrite." 

The  composition  of  the  latter  is  as  follows : — 

SO3  required. 

Water 40-35                                    19-5  equiv. 

Alumina 10-62  25-91 1            3.^^ 

Ferric  oxide 1-63                 2-48  / 

"  Masric "  oxide 0-20                 0-06^ 

Manganous  oxide. .  . .  2*56                 2-89  I            k.qm 

Cobaltous  oxide 1-02                 I'lO  f 

Ferrous  oxide 4-23                 4' 70  J 

Sulphuric  anhydride  .  36-78                                      4-00 

Insoluble,  clay,  &c.  . .  2*61 

100-00 
Total  iron  as  Fe203    =     6*33 
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These  numbers  agree  fairly  well  with,  the  formula 

(Al,Fe)2O3,(Ms,Mn,Co,Fe)O,4SO3,20OH2, 

considering  the  difficulty  of  estimating  water,  and  the  exact  state  of 
the  iron  oxides.  The  water  is  not  all  driven  off  at  the  temperature  at 
which  the  mineral  begins  to  decompose  and  oxidise. 

As  the  presence  of  cobalt  in  Egypt  has  not  been  noted  before,  we 
were  curions  to  see  if  the  ancient  Egyptians  had  used  it  for  colour- 
ing their  monuments,  "antiques,"  &c.,  but  in  the  few  specimens 
placed  at  our  disposal  by  M.  Grebaut,  Director  of  the  Guizeh 
Museum,  we  were  unable  to  detect  it;  copper  and  iron  were  the 
colouring  matters. 

We  reserve  many  points  concerning  this  substance,  and  are  con- 
tinuing our  work  independently,  and  hope  soon  to  elucidate  the 
nature  of  this  interesting  mineral. 


XL VII. — Determination  of   the   Temperature  of   Steam  arising  from 
Boiling  Salt  Solutions. 

By  JoJi  Sakueai,  F.C.S.,  Professor  of  Chemistry,  the  Science  College, 
Imperial  University,  Japan. 

Introduction. 

Although  it  is  well  known  that  the  boiling  point  of  a  salt  solution  is 
always  higher  than  that  of  water  under  the  same  pressure,  the  tem- 
perature of  steam  arising  from  such  a  solution  has  been  the  subject 
of  much  dispute,  and,  even  at  present,  different  opinions  seem  to 
prevail  among  chemists  and  physicists. 

According  to  one  set  of  observers,  the  temperature  of  steam  arising 
from  a  boiling  salt  solution  is  the  same  or  nearly  the  same  as  that  of 
the  solution  :  Gay-Lussac  and  Faraday,  and,  subsequently,  Wiillner, 
Magnus,  and  Pfaundler,  rank  among  these.  According  to  the  other, 
it  is  the  same  or  nearly  the  same  as  that  coming  from  pure  water 
boiling  under  the  same  pressure,  whatever  may  be  the  temperature  of 
the  boiling  solution  :  this  is  the  view  held  by  Eudberg  and,  to  a 
certain  extent,  by  Miiller.  Experimental  proofs  are  adduced  on  both 
sides,  but  these,  as  I  shall  show,  are  none  of  them  conclusive,  and 
establish,  I  think,  neither  the  one  view  nor  the  other. 

The  determination  of  the  real  temperature  of  steam  arising  from  a 
boiling  salt  solution   presents  many   experimental  difficulties ;    for,. 
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besides  others  to  be  mentioned  later  on,  steam  condenses  upon  the 
bulb  of  the  thermometer  and  also  upon  the  sides  of  the  vessel  above 
the  vapour,  unless  special  precautions  be  taken,  so  that  the  temperature 
indicated  will  not  be  higher  than  100°.  If,  on  the  other  hand,  the 
walls  of  the  containing  vessel  be  maintained  at  a  higher  temperature, 
the  thermometer  will  be  exposed  to  the  heat  radiated  from  them,  and 
will  indicate  a  higher  temperature. 

For  some  time  past,  I  have  been  engaged  in  an  experimental  in- 
vestigation of  the  determination  of  the  temperature  of  steam  escaping 
from  boiling  salt  solutions,  and  have  devised  a  method  which  is,  as 
far  as  I  can  see,  free  from  such  objections.  Bj  this  means,  it  can  be 
readily  shown  that  the  temperature  of  the  steam  escaping  from  the 
boiling  salt  solution  is  exactly  the  same  as  that  of  the  solution  itself. 

Before  proceeding,  however,  to  a  description  of  my  own  ex- 
periments, I  shall  briefly  refer  to  the  history  of  this  question, 
discussing  the  methods  employed  and  the  results  obtained  by  previous 
workers. 


Historical  Summary  and  Short  Critical  Review  of  the  Worh 
already  done. 

Faraday,  as  long  ago  as  1822,  published  the  results  of  his  experi- 
ments upon  this  question  in  the  Annates  de  Ghimie  et  de  Physique  for 
that  year.  He  found  that  when  the  bulb  of  a  thermometer  was 
sprinkled  over  with  a  salt  and  then  introduced  into  steam  coming 
out  of  boiling  water,  the  thermometer  showed  a  temperature  higher 
than  100°,  especially  when  it  was  held  horizontally,  so  as  to  prevent  the 
«alt  from  being  washed  away  too  quickly.  Still  higher  temperatures 
were  observed  by  him  when,  the  experiment  being  otherwise  the  same, 
the  thermometer  bulb  was  wrapped  up  in  a  linen  or  woollen  cloth. 
From  these  experiments,  Faraday  concluded  that  since  a  salt  solution 
was  heated  up  to  its  boiling  point  by  the  action  of  steam  at  100° 
upon  the  salt,  therefore  the  steam  generated  from  a  boiling  salt  solu- 
tion had  only  the  temperature  of  100°. 

Gay-Lussao,  as  the  editor  of  the  French  journal,  appended  a  note 
to  this  paper,  in  which  he  first  pointed  out  that  facts  similar  to  those 
observed  by  Faraday  had  long  been  known  in  France,  namely,  that 
when  steam  from  boiling  pure  water  was  passed  into  a  cold  concen- 
trated solution  of  a  salt,  the  latter  could  be  heated  up  nearly  to  its 
boiling  point.  Then,  with  regard  to  Faraday's  view  that  steam 
generated  from  a  boiling  salt  solution  has  only  the  temperature  of 
100°,  Gay-Lussac  remarked :  "  Sans  invoquer  ici  le  secours  de  la 
theorie,  nous  pouvons  affirmer,  d'apres  le  temoignage  irrecusable  de 
I'experience,  que  la  temperature  de  la  vapeur  fournie  par  un  liquide 
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quelconqne,  sous  iiiie  pression  qnelconque,  est  exactement  celle  de  la 
couche  liquide  immediatement  en  contact  avec  la  vapeur." 

Faraday  then  undertook  more  researches  on  this  question,  and  in 
the  Quarterly  Journal  of  Science  for  1823,  he  published  the  results  of 
his  experiments,  and  stated  that  he  had  proved  Gay-Lussac's  asser- 
tions to  be  correct,  but  that  he  had  been  astonished  at  the  difficulty 
of  obtaining  definite  results.  Only  when  he  used  a  double-Availed 
v^essel,  "which  contained  the  experimental  solution  both  between  the 
walls  and  also  above  them,  only  when  he  heated  the  thermometer 
previously  to  a  temperature  higher  than  that  of  the  boiling  solution, 
and  only  after  repeated  observations,  had  he  been  able  to  convince 
himself  that  no  anomaly  existed  in  this  phenomenon.  These  experi- 
ments of  Faraday  will  be  criticised  presently  along  with  those  of 
Magnus. 

Rudberg  {Ann.  Chem.  Phys.  [Fogg.'],  34,  257),  in  1835,  published 
the  results  of  a  long  series  of  observations  on  the  temperature  of 
steam  evolved  from  different  solutions,  boiling  under  different 
pressures,  and  pointed  out  that  it  is  always  the  same  as  that  of  steam 
arising  from  pure  water  boiling  under  the  same  pressure.  Some  of 
his  numbers  are  quoted  below. 


Temperature  of  steam. 


Pressure  in  mm. 

Water. 

Salt  solution. 

761-54 

100-06° 

100-07° 

763-37 

100-12 

100-13 

769-64 

100-35 

100-34 

769-17 

100-33 

100-36 

773-20 

100-49 

100-50 

Salt. 
Ca(N03), 


KNO, 


The  experiments  of  Rudberg  are  always  regarded  as  conclusive^ 
evidence  that  the  temperature  of  steam  issuing  from  a  boiling  salt 
solution  is  only  100° ;  but  as  they  were  carried  out  in  the  ordinary 
way  without  proper  precautions  against  the  steam  cooling  before 
reaching  the  thermometer,  we  must  regard  his  results  as  unsatis- 
factory, in  presence  of  the  fact  that  with  such  precautions  the  tem- 
perature proves  to  be  higher. 

Wiillner  (Ann.  Chem.  Fhys.,  110,  387),  from  determinations  of  the 
tension  of  steam  arising  from  boiling  salt  solutions,  pointed  out  that 
such  steam,  having  less  tension  than  that  evolved  from  pure  water  at 
the  same  temperature,  must  be  non-saturated,  and  that  theoretically, 
therefore,  it  could  not  have  the  temperature  of  100". 

Magnus  {Ann.  Chem.  Phys.,  112,  408)  is  generally  regarded  as 
having  experimentally  proved  that  steam  from  a  boiling  salt  solu- 
tion has  a  temperature  equal,  or  nearly  equal,  to  that  of  the  solution. 
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itself.  It  will,  therefore,  be  interesting  to  know  exactly  the  nature 
of  his  evidence,  and  I  propose  to  refer  to  his  paper  somewhat  in 
detail.  In  the  first  part,  Magnus  mentions  that  Rudorff,  who  was 
working  in  his  laboratory,  had  devised  two  methods  of  ascertaining 
the  real  temperature  of  steam  coming  out  of  a  salt  solution,  the 
results  showing  that  the  temperature  of  the  steam  is  above  100°. 

One  of  these  methods  consists  in  dipping  the  thermometer  into  a 
boiling  salt  solution  and,  when  it  has  attained  the  temperature  of  the 
latter,  in  holding  it  in  the  steam  over  the  solution.  This  method  of 
ascertaining  the  temperature  of  steam  is,  as  Magnus  himself  allows, 
by  no  means  convincing  ;  for,  as  already  observed  by  Faraday  and 
others,  when  such  a  thermometer  is  held  in  the  steam  arising  from 
boiling  pure  water,  temperatures  higher  than  100°  are  always  in- 
dicated. 

The  other  method  consists  in  previously  heating  the  bulb  of  a, 
thermometer  to  a  temperature  higher  than  that  of  the  boiling  solu- 
tion, and  then  introducing  it  into  the  steam.  It  is  said  that,  in  this 
way,  temperatures  approaching  the  boiling  point  of  the  solution  are 
indicated.  I  have,  however,  repeatedly  tried  this  method,  and  have 
fully  convinced  myself  that  if  sufficient  care  is  taken  to  protect  the 
balb  of  the  thermometer  against  the  splashing  up  of  the  hot  solution, 
the  temperature  rapidly  falls  to  100^. 

After  referring  to  these  two  methods  proposed  by  Rudorff,  and 
after  giving  a  good  historical  summary  of  the  subject,  to  which  I  am 
greatly  indebted  for  this  part  of  my  paper,  Magnus  goes  on  to 
describe  his  own  method  and  the  results  obtained  by  its  means.  His 
apparatus  consists  of  a  double-walled  metallic  vessel,  filled  to  a  con- 
venient height,  both  within  and  without  the  inner  walls,  with  the 
experimental  solution.  Steam,  generated  by  heating  the  solution 
from  below,  rises  in  the  inner  as  well  as  m  the  outer  chamber,  and 
escapes  by  means  of  a  lateral  tube,  also  metallic  and  provided  with 
two  holes,  one  of  which  opens  into  the  inner  chamber  and  the  other 
into  the  outer  chamber.  The  object  of  having  double  chambers  is  to 
keep  the  inner  one  surrounded  by  hot  steam ;  so  as  to  prevent  loss  of 
heat  by  radiation.  The  temperature  of  the  steam  is  indicated  by 
means  of  a  thermometer  held  horizontally  and  inserted  in  the  lateral 
tube,  its  bulb  being  placed  in  the  centre  of  the  inner  chamber.  The 
following  are  the  results  obtained  by  Magnus  with  a  solution  of 
-calcium  chloride. 
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Temperature 


r 

Of  the  solution. 

Of  the  steam. 

Difference. 

107-0° 

105-25° 

1-75° 

107-5 

105-5 

2-00 

108-0 

105-8 

2-2 

109-2 

106-5 

2-7 

110-0 

107-0 

3-0 

111-0 

107-6 

3-4 

112-0 

1081 

3-9 

1130 

108-8 

4-2 

114-0 

110-0 

4-0 

1150 

110-9 

4-1 

116-0 

111-2 

4-8 

Magnus  confesses  that  these  numbers  have  no  absolute  value  ;  but, 
^t  the  same  time,  he  regards  it  as  proved  that  the  temperature  of  the 
steam  is  nearly  the  same  as  that  of  the  solution,  the  difference  being 
due  to  the  unavoidable  loss  of  heat  by  radiation.  Such  is  the  con- 
clusion Magnus  has  dravs^n  from  his  experimental  results,  and  this 
seems  to  have  been  accepted  by  chemists  and  physicists  as  being 
convincing.  Even  those  who  had  held  the  opposite  view  seem  never 
to  have  criticised  the  method  Magnus  employed,  or  the  results  he 
obtained. 

It  seems  to  me,  however,  that  the  conclusion  he  draws  from  the 
results  of  the  experiments  is  open  to  criticism.  As  the  double- walled 
vessel,  which  he  employed,  was  made  entirely  of  metal,  its  walls  must 
have  been  heated  up  by  conduction  nearly  to  the  temperature  of  the 
boiling  solution  it  contained,  and  the  steam  enclosed  by  such  walls 
must  have  had  nearly  the  temperature  of  the  latter ;  that  is,  a  tem- 
perature more  or  less  approaching  that  of  the  solution,  and  that 
quite  independently  of  its  temperature  when  generated.  His  num- 
bers in  the  second  column  of  the  table  may  have  indicated,  therefore, 
not  so  much  the  temperature  of  the  natural  steam  as  that  of  the  sur- 
rounding walls  and  of  the  steam  superheated  by  them.  Strange  to 
say,  Magnus  seems  to  have  been  aware  of  this  element  of  uncertainty 
in  his  results,  and  yet  to  have  disregarded  it.  He  writes  : — "  Soviel 
ist  indess  durch  diese  Versuche  bewiesen,  dass  die  Dampfe,  welche 
aus  kochenden  Salzlosungen  aufsteigen,  eine  hohere  Temperatur  als 
100°  haben,  und  eine  um  so  hohere,  je  hoher  die  Temperatur  der 
kochenden  Losung  ist.  Dass  sie  aber  dieselbe  Temperatur  wie  diese 
Losung  haben,  ist  rair  nicht  gelungen  nachzuweisen,  und  ich  zweifle 
dass  diess  moglich  sein  wird.  Denn  wenn  die  Wande  des  Dampf- 
raumes  auf  der  Temperatur  der  kochenden  Losung  erhalten  werden, 
so  ist  man,  wie   schon  oben  bemerkt,   nicht  sicher,  dass  nicht  die 
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Erwarmung  von  diesen  Wanden  hervorgebraclit  ist,  haben  dagegen  die 
Wande  eine  niedrigere  Temperatur,  so  wird  auch  die  Temperatur  des 
Thermometers  niedriger  aasfallen." 

Wliat  then,  it  may  pertinently  be  asked,  is  the  value  of  his  experi- 
mental results  ?  It  seems  to  me  that  Magnus  erred  in  having  the  walls 
of  his  vessel  of  a  highly  conducting  material,  so  that  the  thermometer 
would  indicate  the  temperature  of  these  walls,  derived  as  it  was  from 
the  solution  and  even  from  the  heat  of  the  lamp,  and  then  to  regard 
the  temperature  observed  as  being  that  of  the  steam.  In  fact,  it  can 
be  readily  shown  that  by  keeping  the  walls  of  a  vessel  at  a  tempera- 
ture higher  than  100°,  say  at  110°,  the  steam  issuing  from  water  itself 
indicates  a  temperature  almost  equal  to  that  of  the  walls. 

The  results  obtained  by  Magnus,  which  have  been  regarded  as  the 
most  weighty  and  conclusive  experimental  proof  of  the  view  that  the 
steam  arising  from  a  boiling  salt  solution  has  the  same  or  nearly  the 
same  temperature  as  the  latter,  thus  appear  to  me  to  be  valueless, 
and,  the  same  remark  applies  to  Faraday's  later  experiments  already 
referred  to,  in  which  he  employed  a  double -walled  vessel  containing 
the  experimental  salt  solution  in  both  chambers. 

Miiller  (Ber.,  9,  1629),  apparently  not  acquainted  with  Faraday's 
earlier  experiments,  made  observations  similar  to  his,  and  came  to  the 
same  conclusion  as  Faraday  first  did,  namely,  that  the  steam  gener- 
ated from  a  boiling  salt  solution  has  only  the  temperature  of  100°. 
He  regards  this  view  as  being  conjSrmed  by  the  following  considera- 
tions. 

1st.  The  solution  begins  to  boil  (that  is,  steam  bubbles  freely  rise 
to  the  surface  and  there  burst)  below  its  proper  boiling  point,  and  the 
temperature  then  slowly  rises.  The  steam  formed  at  first  at  100° 
acts  on  the  solution  in  the  same  manner  as  that  passed  from  without, 
and  heats  it  up  to  the  boiling  point. 

2nd.  Higher  temperatures  are  indicated  by  salt  solutions  when 
boiling  gently  than  when  boiling  violently ;  in  the  latter  case,  more 
steam  bubbles  coming  in  contact  with  the  bulb  of  the  thermometer. 
Similarly,  a  rise  of  temperature  is  observed  on  removing  the  flame 
after  violent  ebullition. 

Miiller's  account  of  the  first  effect  of  heating  a  salt  solution  is  so 
remarkable  that  I  feel  it  incumbent  to  adhere  closely  to  his  words. 
He  says  :  "  A  solution  of  calcium  chloride  whose  boiling  point  is 
126°,  for  example,  is  already  completely  boiling  at  110°,  and  the 
temperature  then  rises  to  126°  in  about  half  a  minute  "  (loc.  cit., 
1631).  I  have  repeatedly  tried  similar  experiments,  but  have  never 
been  able  to  confirm  the  statement  that  the  solution,  whose  proper 
boiling  point  is  126°,  is  completely  boiling  at  110°,  though  it  is  per- 
fectly true  that  the  solution  begins  to  boil  at  about  this  temperature. 
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I  confess,  therefore,  that  it  is  a  relief  to  me  to  be  able  to  dispense 
with  ary  discussion  of  Miillei-'s  interpretation  of  these  phenomena, 
for  whatever  their  signification  may  be,  the  fact  that  the  observed 
phenomena  of  incipient  ebullition  of  a  salt  solution  differ  in  no 
respect  from  those  of  pure  water,  except  that  of  higher  temperatures^, 
deprives  them  of  all  value  for  throwing  light  upon  the  question  at 
issue.  A  similar  remark  may  be  made  with  regard  to  Miiller's  other 
observations,  namely,  those  wliich  relate  to  the  difference  of  tempera- 
ture in  the  boiling  solution,  according  as  it  is  freely  evolving  the 
steam  or  not.  It  is  a  well-known  fact  that  a  thermometer  dipped 
into  a  boiling  liquid,  say  water,  gives  very  irregular  indications, 
higher  temperatures  being  always  indicated  when  steam  is  less 
fieely  escaping.  In  short,  the  facts  observed  by  Miiller  are  by  no 
means  limited  to  salt  solutions,  and  his  argument  that  the  steam  at 
the  moment  of  its  formation  has  only  the  temperature  of  100''  can- 
not, therefore,  be  regarded  as  in  any  degree  satisfactory. 

Wiillner  (Ber.,  10,  256)  wrote  a  note  on  Miiller's  paper,  pointing 
out  that  the  fact  that  a  solution  of  calcium  chloride  may  be  heated 
up  to  its  boiling  point  by  the  action  of  ordinary  steam  had  already 
been  known  to  Gay-Lussac  and  observed  by  Faraday,  who  on  more 
careful  experimental  enquiry  changed  his  first  opinion,  and  came  to 
the  conclusion  that  the  steam  escaping  from  a  boiling  salt  solution 
must  have  the  temperature  of  the  latter.  He  also  points  out  again 
that  such  steam  is  not  saturated,  and  that,  therefore,  it  could  not 
have  the  temperature  of  100°. 

Pfaundler  (Ber.,  10,  463)  objects  to  Miiller's  conclusion  on  much  the 
same  grounds  as  Wiillner,  and  fully  supports  the  views  of  the  latter. 
Further  on,  Pfaundler  attempts  to  explain  the  fact  observed  by 
Magnus  that  the  temperature  of  steam  arising  from  a  boiling  salt 
solution  is  not  quite  the  same  as  that  of  tho  latter  ;  this  explanation, 
which  is  not  easy  to  accept,  is  also  not  needed,  as  the  facts  observed 
by  Magnus,  and  upon  which  this  explanation  is  based,  are,  as  already 
pointed  out,  by  no  means  convincing.  My  own  experiments  prove, 
moreover,  that  there  exists  no  difference  between  the  temperature  of 
the  boiling  solution  and  that  of  the  steam  issuing  from  it. 

The  above  summary  should  give  some  idea  of  the  vagueness  and 
unsatisfactory  character  of  the  experimental  evidence  now  existing 
as  regards  the  temperature  of  the  steam  arising  from  a  boiling  salt 
solution.  The  following  is  a  description  of  my  own  experimental 
methods,  and  the  results  obtained  by  their  means. 


Experimental  Methods, 

For  success  in  establishing  the    true  temperature    of   the   steam 
VOL.    LXI.  2   N 
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escaping    from    boiling    salt    solutions,   certain   conditions   must    be 
observed. 

1.  The  thermoraetor  must  be  kept  clear  of  all  contact  with  the 
solution,  even  the  smallest  drops  thrown  up  by  ebullition,  as  other- 
wise it  is  evident  that  the  experiment  loses  all  claim  to  accuracy. 

2.  The  effect  of  the  radiant  cooling  of  the  thermometer  must  either 
be  prevented,  or  rendered  inappreciable  in  proportion  to  the  heating 
up  by  the  steam.  Before  considering  these  alternative  conditions,  it 
may  be  well  to  call  attention  to  the  familiar  and  striking  evidence  we 
have  that  loss  of  heat  by  radiation  from  the  bulb  of  the  thermometer 
does  occur  and  cannot  be  neglected.  Whenever  distillation  of  water, 
or  any  other  liquid  with  no  fixed  matters  dissolved  in  it,  is  going  on, 
the  thermometer  immersed  in  the  vapour  to  record  the  "  boiling 
point"  is  seen  to  be  always  condensing  some  of  the  vapour,  drops 
falling  from  it  into  the  boiling  liquid. 

The  former  alternative  seems  hardly  practicable,  or,  at  least,  has 
proved  to  be  impracticable  under  various  conditions  in  m.y  Lands, 
The  latter  alternative,  that  of  overpowering  the  loss  of  heat  by 
radiation  by  rapid  removal  of  the  vapour  in  contact  with  the  thermo- 
meter, can  be  easily  effected  by  the  expedient  of  combining  the  in- 
troduction of  steam  from  without  with  the  boiling  of  the  solution  by 
the  lamp,  the  combination  being  regulated  by  maintaining  steady  the 
temperature  marked  by  the  thermometer  in  the  solution.  Ebullition 
alone  should  suffice  for  this  purpose,  but  the  practical  difficulties  in 
the  way  render  it  insufficient.  The  boiling  would  have  to  be  tumul- 
tuous to  generate  much  vapour,  and  in  a  short  time  the  solution 
would  become  too  concentrated  for  the  experiment  to  be  continued 
with  convenience.  On  the  other  hand,  with  due  regulation  of  the 
steam  entering  from  without  and  the  height  of  the  flame,  an  abun- 
dant supply  of  steam  can  be  got  without  impediment.  Moreover, 
irregular  boiling  and  bumping  of  the  solution  are  both  entirely  pre- 
vented when  the  operation  is  worked  in  this  manner. 

3.  The  walls  of  that  part  of  the  vessel  which  serves  as  the  steam 
chamber  for  the  thermometer  must  be  sufficiently  protected  from 
cooling  externally,  and  yet,  at  the  same  time,  not  be  heated  to  the 
temperature  of  the  steam.  For  if,  as  in  E/udberg's  experiments,  the 
former  condition  is  not  observed,  so  much  of  the  steam  is  condensed 
in  keeping  the  walls  at  100°  that  it  is  hardly  po^sible  to  keep  eiiouoh 
passing  over  the  thermometer  bulb  ;  while  if  the  latter  condition  is 
ignored,  as  in  Magnus's  experiments,  the  indications  of  the  thermo- 
meter may  be  illusory. 

The  arrangement  which  I  adopted  after  several  trials  and  modifica- 
tions in  order  to  meet  these  conditions  was  as  follows.  It  consisted  of 
an  elongated,  round-bottomed  flask,  F,  with  a  long  neck ;  this  flask 
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contained  the  experimental  salt  solution.  The  month  of  the  flask 
was  provided  with  a  cork,  through  which  passed  two  thermometers, 
a  and  5,  and  a  tube  s  for  the  escape  of  steam  ;  the  thermometer  a  was 
used  to  indicate  the  temperature  of  the  steam,  and  the  thermometer 
h  that  of  the  solution.     The  neck  and  a  part  of  the  flask  F  was  en- 


closed in  a  glass  cylinder,  //,  fixed  above  by  means  of  a  cork  and 
below  by  means  of  an  india-rubber  band.  Through  the  cork  of  the 
cylinder,  and  by  the  side  of  the  neck  of  the  flask  F,  passed  a  third 
thermometer,  c,  whose  bulb  was  kept  at  the  same  height  as  that  of 
the  steam  thermometer  a.  The  body  of  the  flask,  finally,  was  pro- 
vided with  a  hole  in  its  side,  through  which  a  glass  tube,  t,  somewhat 
drawn  out  at  one  of  its  ends  and  bent  as  shown  in  the  figure,  was 
passed  and  jointed  to  the  flask  by  means  of  a  short  piece  of  india- 
rubber  tubing  slipping  over  it.  This  tube,  whose  drawn-out  end 
nearly  reached  the  bottom  of  the  flask,  was  used  for  supplying  steam 
from  the  boiler  G.  The  glass  cylinder  j)'  was  connected  on  one  hand 
with  another  flask,  H,  and  on  the  other  with  a  condenser,  K  ;  these 
connections  were  made  as  before  by  means  of  short  pieces  of  india- 
rubber  tubing  slipped  on  over  the  glass  tubes  u  and  v  respectively. 
The  flask  H  contained  acetic  acid  somewhat  diluted  with  water. 
The  flasks  F,  G,  and  H  were  supported  on  stands,  and  F  rested  on  a 
piece  of  asbestos  cardboard,  having  a  hole  in  the  centre,  so  that  only 
the  bottom  m'ght  be  heated  by  the  direct  flame.  The  stoppered 
funnels  m  and  n  served  to  supplj  the  flawks  G  and  H  with  water  and 
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acefcic  acid  respectively,  when  necessary,  without  dismounting  tlie 
apparatus.  The  funnel  m  further  served,  at  the  end  of  an  experi- 
ment, to  restore  the  equilibrium  of  pressure  between  the  outer  air 
and  the  inside  of  the  flask  G,  thus  preventing  the  salt  solution  from 
being  sucked  into  the. latter.  The  whole  arrangement  is  exceedingly 
simple,  and  can  be  fitted  up  by  any  one  with  materials  found  in 
every  chemical  laboratory.  The  three  thermometers  a,  6,  and  c  had, 
finally,  been  carefully  verified,  inclnding  the  exposure  correction  for 
a  and  c. 

The  salt  solution,  whose  boiling  point  had  been  approximately 
determined  and  known  to  be  higher  than  that  of  the  dilute  acetic  acid, 
was  introduced  into  the  flask  F  by  means  of  a  long  funnel,  and  the 
inside  of  the  neck  of  the  flask  then  wiped  with  a  cloth,  so  that  no 
particle  of  the  salt  solution  should  be  left  adhering  to  it.  Some 
cotton-wool  was  loosely  tied  round  the  stem  of  the  thermometer  Z>, 
and  below  the  bulb  of  the rthermo meter  a;  this  served  as  a  very  effec- 
tive screen  against  splashing  up  of  the  solution  on  to  the  bulb  of  the 
second  thermometer  a.  A  little  cotton  wool  was  also  tied  round  the 
stem  of  the  thermometer  a,  and  above  its  bulb;  this  prevented  any 
water  which  might  condense  in  the  steam-issue  tube  s,  from  flow- 
ing down  the  stem  of  this  thermometer.  The  cork  with  its  two 
thermometers  thus  prepared  was  then  fitted  into  the  mouth  of  the 
flask  F  ;  this  cork  projected  a  little  below  that  of  the  jacket,  in  order 
that  there  might  be  no  chance  of  steam  condensing  within  the  neck  of 
the  flask.  The  tubes  u  and  t  were  covered  with  cotton-wool  in  order 
to  lessen  the  cooling  action  of  the  air  on  the  acetic  acid  vapour  and  the 
steam  respectively. 

The  acetic  acid  was  now  made  to  boil  in  the  flask  H.  Its  vapour, 
passing  into  the  jacket  jj,  heated  up  the  walls  of  the  neck  of  the 
flask,  that  is,  of  the  steam  chamber  over  the  solution,  then  passed 
into  the  condenser  K,  and  collected  in  the  receiver  R.  The  flame 
under  the  flask  H  was  so  regulated  that  the  acetic  acid  only  slowly 
distilled  ;  in  this  manner,  a  steady  supply  of  vapour  of  almost  constant 
temperature  could  be  readily  maintained  in  the  jacket.  The  thermo- 
meter c  rapidly  rose  to  about  111°  under  the  influence  of  the  acetic 
acid  vapour,  whilst  the  thermometer  a  more  slowly  rose,  until  ulti- 
mately it  also  showed  about  the  same  temperature. 

The  salt  solution  was  next  heated  to  boiling.  The  water  in  the 
flask  G,  which  had  been  kept  nearly  boiling,  was  then  also  made  to 
boil  regularly,  and  a  rapid  current  of  steam  was  passed  into  the  salt 
solution  boiling  in  the  flask  F.  The  thermometer  a  now  began  to 
rise  above  that  in  the  jacket,  until  it  indicated  the  same  temperature 
as  that  of  the  solution.  The  flame  under  the  boiling  solution  was  so 
regulated   that  the  temperature  of  the  latter  should  either  remain 
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constant  or  rise  very  slowly.    The  results  obfained  in  one  experiment 
with  a  solution  of  calcium  chloride  are  shown  below. 


Temperature 

of  the 

Differenc« 

Steam, 
(I.) 

111-2° 

Solution. 
(II.) 

112-5° 

Acetic  acid  vapour. 
(III.) 

110-8° 

(II.) -(I.) 

1-3 

(I.) 

'-(III.) 

0-4 

111-7 

112-5 

110-9 

0-8 

0-8 

112-2 

112-6 

111-1 

0-4 

1-1 

112-5 

112-7 

1113 

0-2 

1-2 

112-7 

112-9 

111-5 

0-2 

1-2 

113-0 

113-0 

111-6 

0-0 

1-4 

113-1 

113-2 

111-8 

01 

1-3 

113-3 

113-3 

111-9 

-0-0 

1-4 

The  time  occupied  was  about  20  minutes.  The  bulb  of  the  steam 
thermometer  a  remained  perfectly  clean ;  indeed,  by  washing  it  with 
a  little  water  and  adding  a  drop  of  silver  nitrate  solution  to  the 
washings,  not  a  trace  of  cloudiness  was  produced,  showing  that  the 
splashing  of  the  solution  on  to  it  had  been  completely  prevented. 
In  fact,  the  upper  portion  of  the  cotton-wool  remained  perfectly  clean 
and  dry. 

For  the  following  two  experiments,  still  more  dilute  acetic  acid 
was  employed.  The  results  obtained  with  a  solution  of  sodium 
nitrate  are  as  follows  : — 


Temperature  of  the 

Differenci 

A 

g 

Steam. 
(1.) 

106-6° 

Solution. 

(II.) 
107-5° 

Acetic  acid  vapou,r. 
(III.) 
105-9° 

(II.)    -(I.) 

0-9 

(I.) 

-(III.) 
0-7 

106-9 

107-6 

105-9 

0-7 

1-0 

107-2 

107-6 

1060 

0-4 

1-2 

107-5 

107-7 

1061 

0-2 

1-4 

107-7 

107-8 

106-2 

01 

1-5 

107-7 

107-8 

106-2 

01 

1-5 

107-8 

107-8 

106-3 

0-0 

1-5 

The  time  occupied  was  again  about  20  minutes.    The  following  arc 
the  observations  made  with  a  solution  of  potassium  nitrate  : — 
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Temperature  of  the 


t 

Sioatn. 

Solution. 

Acetic  acid  vapour. 

Difference 

f~ 

> 

(!•) 

(II.) 

(III.) 

(II.) -(I.) 

(i; 

)-(III) 

107-8° 

109-4° 

107-8'' 

1-6 

0-0 

108-3 

109-5 

107-8 

1-2 

0-5 

108-7 

109-7 

1080 

1-0 

07 

109-1 

109-8 

108-1 

0-7 

1-0 

109-3 

109-8 

108-2 

0-5 

11 

109-5 

109-9 

•     108-2 

0-4 

13 

io:)-8 

110-0 

108-2 

0-2 

16 

110-0 

110-2 

108  3 

0-2 

1-7 

110-2 

110-3 

108-4 

0-1 

1-8 

110-2 

110-3 

108-5 

01 

1-7 

Tl'.e  time  occupied  was  about  half  an  hoar. 

In  the  following  experiment  a  stronger  solution  of  calcium  chloride 
Avas  taken,  and  amjl  alcohol  (containing  a  little  of  the  lower  alcohols) 
was  employed  instead  of  acetic  acid. 


Temnerature  of  the 


r  '■" 
Steam. 

(f.) 

127-5° 

Solution. 
(II.) 

128-3° 

_  ...       .      ^ 

Amvl  alcohol  vapour. 
(III.) 

1-26-5° 

Difference. 

(II.) -(I.) 

0-8 

(10 

l-(Ill.) 

1-0 

128-1 

128-5 

126-8 

0-4 

1-3 

128-6 

128  9 

127-2 

0-3 

1-4 

1291 

129-2 

127-8 

01 

1-3 

129-4 

129-5 

1281 

01 

1-3 

1-29-7 

129-8 

128-3 

0-1 

1-4 

129-8 

1298 

128  5 

0-0 

1-3 

The  time  occupied  was  about  20  minutes. 

The  experiments  above  described  prove,  beyond  any  possible  doubt, 
thit  the  temperature  of  the  steam  escaping  from  a  boiling  salt  solution  is 
exacHy  the  same  as  that  of  the  solution.  This,  1  believe,  is  the  first 
occasion  on  which  the  above  important  fact  has  been  experimentally 
established.  Philosophers  had,  indeed,  asserted  that  the  temperature 
of  such  steam  should  be,  or  would  be,  the  same  as  that  of  the  solu- 
tion, but  without  any  experimental  proof.  Gay-Lussac's  assertion, 
"  the  temperature  of  the  vapour  furnished  by  any  liquid  is  exactly 
the  same  as  that  of  the  liquid  layer  in  immediate  contact  with  the 
vapour,"  is  based  upon  the  knowledge  of  the  facts  derived  from  the 
study  of  simple  liquids,  such  as  water,  alcohol,  &c.  ;  for  no  direct 
experiments  had  been  made  by  him,  or  any  other  investigator  before 
him,  upcu  the  tampfe-ra  urc  of  the  steam  arising   from  a  boiling  salt 
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snlvticn  vvhicli  established  the  truth  of  that  assertion.  So  far  as 
direct  experimental  evidence  is  concerned,  he  had,  I  think,  no  ^ood 
reason  for  extcndinp^  his  remarks  to  the  cnse  of  a  salt  solution. 
Faraday  thought  he  had  proved  Gay-Lussac's  assertion  to  he  correct 
in  the  case  of  salt  solutions  also,  but  upon  evidence  not  at  all  con- 
vincing. Magnus  could  not  show  that  the  temperature  of  the  steam 
is  exactly  the  same  as  that  of  the  solution.  "  That,  however,  it  (the 
steam)  possesses  the  same  temperature  as  the  solution  I  cannot  prove, 
and  I  doubt  whether  it  can  possibly  be  proved,"  he  says.  The 
grounds  for  such  doubt  have  now  been  removed  by  the  experiments 
above  described,  the  secret  of  the  success  lying  in  the  fact  that  Ihe 
walls  of  the  steam-chamber  must  be  above  100°.  and  yet  below  the  tempe- 
rature of  the  solution,  and  that,  at  the  same  time,  a  sufficient  quantity  of 
steam  must  escape  from  the  solution  to  ensure  that  these  walls  shall  have 
no  material  cooliiig  fffect  upon  the  steam.  To  meet  this  condition  the 
quantity  of  steam  evolved  from  the  boiling  solution  itself  is  not 
sufficient,  and  hence  the  necessity  of  passing  steam  from  without  into 
the  boiling  solution. 

That  the  quantity  of  steam  merely  arising  from  a  boiling  salt 
solution  is  not  sufficient  to  overcome  the  cooling  effect  of  the  walls 
will  best  be  seen  from  the  following  numbers.  These  refer  to  a 
solution  of  calcium  chloride  experimented  upc  n  in  exactly  the  same 
manner  as  before,  but  without  introduction  of  steam  from  an  external 
source.     The  acetic  acid  was  also  more  rapidly  distilled. 


Temperature  of  the 

Difference. 

f ' 

r 
Steam. 

Solution. 

Acetic  acid  vapour. 

(I) 

103-0" 

(11.) 

111-9" 

(III.) 
103-2° 

(II.) -(I.) 

8-9 

(HI.) -(I.) 
0-2 

1034 

114-4 

103-5 

11-0 

01 

103-7 

115-2 

103-7 

11-5 

0-0 

104-1 

117-0 

104-2 

18-0 

0-1 

104-5 

118-4 

lOt-5 

13-9 

0-0 

104-8 

120-5 

105-1 

15-7 

0-3 

104-9 

122-6 

1053 

177 

0-4 

105-1 

125-2 

105-5 

20-1 

0-4 

In  spite  of  the  fact  that  the  solution  was  boiling  briskly  with  a  free 
and  uninterrupted  evolution  of  steam,  and  in  spite  of  the  additional 
fact  that  the  temperature  of  the  boilir.g  solution  rose  from  1119°  to 
125-2°,  the  temperature  of  the  steam  only  rose  from  103"  to  105*1°,  nnd 
never  above  that  of  the  acetic  acid  vapour  in  the  jacket.  The  rise 
that  did  occur  is  evidently  due  to  the  heating  effect  of  the  acetic 
acid  vapour;  for,  in  this  case,  the  oater  surface  of  the  steam-chamber 
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wns  constanlly  wet,  owing  to  the  condensation  of  the  acetic  acid 
vapour  upon  it.  Acetic  acid  vapour,  and  not  steam,  was  then  acting 
as  the  heater. 

This  result  was  so  remarkable  and  apparently  so  conclusive,  that 
I  was  for  some  time  induced  to  believe  that  the  temperature  of  the 
steam  escaping  from  a  solution  of  calcium  chloride  boiling  at  the 
temperature  of  even  125°  is  lower  tban  105°  and  probably  only  100°. 
By  slightly  modifying  the  experiment,  namely,  by  keeping  the  distil- 
lation of  the  acetic  acid  at  a  very  slow  rate,  while  the  solution  was 
kept  boiling  as  briskly  as  possible,  the  steam-thermometer  could  be 
made  to  indicate  somewhat  higher  temperatures  than  the  acetic  acid 
vapour,  but  far  below  the  temperature  of  the  solution.  It  was  this 
observation,  however,  that  led  me  to  try  the  introduction  of  steam 
into  the  solution  from  without. 

By  the  introduction  of  steam  into  the  boiling  solution  from  without, 
evaporation  and  condensation  of  steam  in  the  solution  can  be  so 
readily  and  exactly  counterbalanced,  that  its  boiling  temperature 
may  be  maintained  constant  for  any  length  of  time  and  within  a  few 
thousandths  of  a  degree  Centigrade.  I  am  developing  this  part  of  my 
observation  for  the  exact  determination  of  the  boiling  points  of 
various  solutions,  and  also  for  simplifying  the  determination  of 
molecular  weights  by  the  boiling  method,  which  has,  of  late,  been 
made  the  subject  of  an  extensive  study  by  Beckmann. 

In  conclusion  I  wish  to  expre.-s  my  warmest  thanks  to  my  colleague 
Dr.  E.  Divers,  F.R.S.,  for  many  valuable  criticisms  and  suggestions 
from  time  to  time  vvhile  this  investigation  was  in  progress,  and  also 
to  Dr.  C.  G.  Knott  and  Professor  K.  Yamakawa  for  the  interest  which 
they  have  taken  in  my  work. 
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XLVIII.  —Chemistry  of  the  Gomioounds  of  Thiourea  and  Thiocarhimides 
with  Aldehyde- ammonias. 

By  Augustus  E,  Dixon,  M.D.,  Professor  of  Cliemistry,  Queen's 
College,  Cork. 

Some  years  ago  (Trans.,  1888,  411),  I  laid  before  this  Society  an 
account  of  the  interaction  of  the  "  mustard  oils  "  with  the  aldehyde- 
ammonias,  in  which  it  was  shown  that  the  action  is  a  generic  one,  at 
least  for  the  thiocarhimides  containing  univalent  hydrocarbon 
residues.  Thus,  it  was  found  that,  under  similar  conditions,  1  mol. 
of  ethyl-,  allyl-,  phenyl-,  benzyl-,  and  orthotolyl-thiocarbimides,, 
respectively,  combine  with  2  mols.  of  acet.aldehyde-ammonia,  with 
elimination  of  both  the  oxygen  atoms  of  the  latter,  in  the  form  of 
water.  Further,  it  was  shown  that  phenyl-  and  benzyl-thiocarb- 
imides  combine  readily  with  isovaleraldehyde-ammonia,  yielding 
similar  products. 

The  equations  representing  these  interactions  were  provisionally 
formulated,  thus : — 

CSNR  +  2CH3-CH<OH  =CS<^^:gH(CH,)>NH  +  2H.0, 

the  valeraldehyde  derivatives   being  considered  as  similar  in  type, 

namely,  CS<^R-.CciS>NH. 

In  this  connection,  attention  was  drawn  to  a  compound  obtained 

by  Nencki  (Ber.,  7,  162)  from  the  interaction  of  thiourea  itself  with 

aldehyde-ammonia;    and  the  suggestion  was  put  forward  that  this 

substance,  regarded  by  the  discoverer  "  as  an  ammonia  compound  of 

CS  1 
diethylidenesulphourea  "  and  formulated  as  ^p  tt  s    [>  Nz^NHs,  might, 

perhaps,  be  similar  in  structure  to  the  thiocarbimide  derivatives 
already  mentioned :  representing,  in  fact,  the  parent  type,  of  which 
the  latter  are  the  substitution  products.  On  this  view,  the  formation 
of  the  compound  was  provisionally  explained  as  follows : — 

NHH  0HiCH(CH3)\ 

CS<^       + NHiHl  ^ 

HNjH  OHlCHCCHs) jNHaj 


CS<nH.CH(CH:J>''^  +  ""^^  +  '^^-^' 
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The  object  of  the  present  investigation  was  to  endeavour  to  acquire 
some  further  knowledge  of  the  chemistry  of  these  substances,  with  a 
view,  first,  to  ascertain  whether  Nencki's  and  the  thiocarbimide 
compounds  are  really  members  of  the  same  class  ;  secondly,  to  gain, 
if  possible,  some  information  regarding  their  structure  ;  and,  thirdly, 
to  learn  whether  the  process  of  their  formation  can  be  extended  to 
other  varieties  of  thiocarbimides  and  aldehydes.  Advantage  has  been 
taken  of  the  opportunity  to  prepare  the  methyl  derivative  of  the 
thiocarbimide  series,  and  a  homologue  of  Nencki's  compound  has 
been  obtained.     The  experimental  results  are  detailed  below. 


TJdourea  and  Aldehyde- ammonia. 

Nencki  (loc.  cit)  obtained  the  compound  by  boiling  an  aqueous 
solution  containing  2  mol.  proportions  of  aldehyde-ammonia  to  1  of 
the  amide.  Boiling  water,  however,  so  readily  decomposes  the 
product  that  the  yield  by  this  method  always  falls  considerably 
below  the  theoretical.  But  if  the  aldehyde-ammonia,  dissolved  in 
cold  or  tepid  water,  be  added  to  the  thiourea  solution  near  its  boiling 
point,  the  addition  of  some  crystals  of  the  ready- formed  compound, 
prepared  by  boiling  a  few  drops  of  the  mixture  in  a  test-tube,  at 
once  determines  the  separation  of  a  considerable  quantity  of  the 
substance,  though  the  temperature  of  the  mixture  be  comparatively 
low.  The  liquid  is  now  rapidly  cooled,  and  the  crystals  removed  by 
filtration  ;  on  boiling  the  filtrate,  a  second  crop  is  obtained.  By 
this  means,  the  yield  amounts  to  about  85  per  cent,  of  the  theoretical. 

In  its  ready  decomposability  into  its  constituents  on  boiling  the 
solution,*  this  substance  resembles  the  thiocarbimide  compounds  ; 
the  latter  can  only  be  recrystallised  with  hesbvy  loss,  even  from 
alcohol.  The  substance  is,  as  Nencki  states,  very  sparingly  soluble 
in  alcohol ;  it  is  practically  insoluble  in  ether,  benzene,  and  chloro- 
form. 180°,  the  melting  point  recorded  by  him,  is  substantially 
correct ;  according  to  my  experiments,  the  substance,  when  carefully 
purified  by  repeated  recrystallisation,  melts  between  183°  and  184° 
(uncorr.)  to  a  deep,  bromine-coloured  liquid,  which  immediately 
decomposes  with  evolution  of  gas. 

Ficrate. — A  compound  with  piciic  acid  was  obtained  by  mixing  an 
alcoholic  solution  of  it  with  a  warm  aqueous  solution  of  the  base. 
Fine,  hair-like  needles  separated  on  cooling,  which,  on  recrystallisa- 
tion fA'om  hot  water,  were  obtained  in  lemon-yellow  prisms,  several 
centimeters  in  length.     This  salt  does  not  melt  at  230°,  but,  when 

*  100  parts  (14  grams)  of  the  compound,  almost  pure,  gave  on  recrysiallisatiou 
from  boiling  water  only  42  parts. 
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heated  over  a  gas  flame,  it  darkens  and  decomposes,  melting  quietly, 
at  a  higli  temperature,  to  a  blackish  liquid  with  evolution  of  gas. 

A  portion,  dried  over  sulphuric  acid,  gave  the  following  results  on 
analysis : — 

0'1937  gram  of  substance,  burnt  with  copper  oxide,  gave  37'9  c.c. 
nitrogen,  measured  at  17°  and  748*6  mm. 

Calculated  for 
C5HnN3S,C6Ho(N02)3-OH.  Experiment. 

"N" 22-51  per  cent.  22-49  per  cent. 

Action  of  Silver  Nitrate. — Equimolecular  proportions  of  base  and 
silver  nitrate  were  mixed  in  cold  aqueous  solution.  A  bulky,  white 
precipitate  at  once  appeared,  consisting  of  delicate,  flexible,  silky 
needles ;  it  is  very  unstable,  soon  losing  its  lustrous  appearance  and 
becoming  dark-coloured,  even  though  the  solutions  be  cooled  to  near 
the  freezing  point.  It  was  drained  on  the  filter-pump,  rapidly  washed 
with  water,  and  dried  over  sulphuric  acid. 

As  the  filtrate  was  not  acid  to  test-paper,  it  seemed  unlikely  that  a 
silver  substitution  derivative  was  in  hand.  The  substance  was,  in 
fact,  easily  shown  to  be  an  addition  product,  by  boiling  a  portion 
with  water  and  filtering  from  the  silver  sulphide  thereby  produced ; 
the  filtrate  gave  the  reaction  of  nitric  acid  at  once. 

On  analysis,  the  following  data  were  obtained : — 

0*4727  gram  of  substance,  oxidised  with  nitric  acid,  yielded  0*2111 
gram  AgCl. 

Calculated  for 
CsHjiNaSjAgNOa.  Experiment. 

Ag 34*24  per  cent.  33-61  per  cent. 

A  similar  preparation  was  next  made,  using  2  mol.  proportions  of 
silver  nitrate  (alcoholic)  to  1  of  the  aldehyde-ammonia  compound. 
A  silver  determination  gave  the  following  result : — 

0*3492  gram  of  substance,  oxidised  with  nitric  acid,  yielded  0*1532 
gram  AgCl,  or  Ag  =  33*02  per  cent. 

From  this  it  follows  that  the  compound  C6HiiN'3S,2AgN03,  which 
would  require  44*49  per  cent,  of  silver,  has  not  been  produced ;  but 
the  compound  (which  could  not  be  obtained  quite  pure)  is  identical 
with  the  preceding. 

Action  of  Water  upon  the  Silver  Compound. — The  nature  of  this 
action  was  next  investigated.  When  placed  in  contact  with  cold 
water,  the  silver  compound  soon  begins  to  darken,  and  in  a  short 
time  the  mixture  becomes  black.     If  warmed  with  water,  the  decom- 

2  0  2 
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position  sets  in  at  once  ;  aldehyde — easily  recognised  by  its  odour — 
is  evolved,  and  a  brilliant  speculum  of  silver  sulphide  is  formed  on 
the  sides  of  the  tube. 

Since  the  molecule  contains  but  one  atom  of  silver  to  one  of 
sulphur,  the  decomposition  by  water  can  only*  involve  elimination 
of  half  the  sulphur  in  combination  with  the  metal.  The  filtrate 
from  the  sulphide,  after  previous  boiling  until  aldehyde  ceases  to  be 
evolved,  does,  in  fact,  contain  sulphur  in  solution ;  thus,  it  gives  a 
black  precipitate  with,  ammoniacal  silver  nitrate,  and  is  readily 
desulphurised  by  warming  with  alkaline  solution  of  lead.  These  re- 
actions suggest  the  presence  of  thiourea,  as  a  product  of  the  partial 
desulphurisation :  the  latter  was  recognised  in  another  portion  of  the 
filtrate  by  Claus'  method  {Annalen^  179,  129),  namely,  after  treating 
with  ethylic  nitrite,  ferric  chloride  produces  an  intense  blood-red 
coloration,  due  (according  to  Claus)  to  the  conversion  of  the  thiourea 
into  ammonium  thiocyanate.  These  facts  may  be  represented  by  the 
following  equation : — 

2C5H„]Sr3S,AgNOa  +  5H2O  =  Ag^S  +  4CH3-CHO  +  CSN2H4 

-f  CO(NH2)2  t-  2NH4-N03. 

Action  of  Acetic  Anhydride. — It  has  been  shown  by  R.  Schiii* 
(Ber.,  9,  570)  that  warm  acetic  anhydride  readily  acts  upon  the 
compound  of  phenylthiocarbamide  with  aldehyde-ammonia,  thereby 
producing  acetyl  phenyl  thiourea.  Further  on,  it  will  be  shown  that  a 
similar  reaction  holds  in  the  case  of  the  tolylthiocarbimide  aldehyde- 
ammonia  compound.  The  question  therefore  arose,  whether,  under 
like  conditions,  the  aldehyde  groups  would  be  split  off  from  Nencki's 
thiourea  derivative,  or  whether,  on  the  other  hand,  it  would  simply 
undergo  acetylation. 

To  ascertain  this,  10  grams  (1  mol.)  of  the  substance,  dried  by 
standing  over  sulphuric  acid,  were  added  to  acetic  anhydride  (rather 
more  than  2  mols.)  contained  in  a  flask  provided  with  a  bent 
delivery  tube  ;  the  pasty  mixture,  on  warming,  began  to  turn  red  in 
spots,  and,  on  further  raising  the  temperature,  a  vigorous  action 
commenced,  which  the  heat  evolved  was  sufficient  to  complete.  Gas 
came  off  freely  with  effervescence,  and  the  solid  rapidly  dissolved 
forming  a  deep  brownish-red  solution. 

By  means  of  the  bent  delivery  tube,  the  gas  was  led  into  water; 
the  aqueous  solution  thus  obtained,  when  treated  with  a  few  drops  of 
ammonia  and  boiled  with  ammoniacal  silver  nitrate,  freely  reduced 
the  latter,  thus  showing  the  presence  of  aldehyde,  and  therefore 
indicating  disruption  of  the  molecule. 

*  Unless  hydrogen  sulphide  be  liberated.  In  this  case,  as  also  in  that  of  the 
honiologue  next  to  be  described,  not  a  trace  of  hydrogen  sulphide  was  evolved. 
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The  contents  of  the  flask  were  now  mixed  with  water;  a  quantity 
of  blackish-brown,  sticky  oil  separated,  which  was  removed  by  filtra- 
tion, and  the  brown-red  filtrate  twice  treated  with  animal  charcoal. 
A  golden-yellow  solution  was  thus  obtained,  which  was  evaporated 
to  dryness  and  extracted  with  boiling  ether.  The  residue  left  after 
the  evaporation  of  the  latter  was  dissolved  in  hot  water,  and  the 
solution  filtered ;  on  cooling,  well-formed,  almost  white,  rhombic 
prisms  separated,  melting  at  about  163°.  In  appearance  and  melting 
point,  this  compound  resembled  acetylthiourea  (m.  p.  165°,  IS'encki 
and  Leppert,  Ber.,  6,  905),  and  this  was  confirmed  by  the  result  of 
a  nitrogen  determination. 

0-2126  gram  of  substance,  burnt  with  copper  oxide,  gave  43*7  c.c. 
nitrogen,  measured  at  16'5°  and  758*8  mm. 

Calculated  for 
CSNsH.vCO-CHa.  Experiment. 

N 23-77  per  cent.  23-86  per  cent. 

Under  the  action  of  acetic  anhydride,  therefore,  I^encki's  compound 
behaves  like  thiocarbimide  derivatives  of  aldehyde-ammonia,  the 
aldehyde  groups  being  split  off  as  such,  together  with  one  of  the 
three  nitrogen  atoms,  whilst  an  acetylated  thiourea  is  left.  The 
action  may  be  thus  represented — 

2CH3-COH  -f  CH3-COONH4, 

but  it  is  by  no  means  quantitative  ;  much  decomposition  occurs,  and 
tarry-looking  substances  are  produced,  the  separation  of  which  is 
accompanied  by  heavy  loss  of  the  acetylated  thiourea. 

Acetylthiourea  very  readily  parts  with  its  sulphur;  cold  silver 
nitrate  produces  a  white  precipitate,  which  blackens  gradually  on 
standing,  or  instantly  on  the  addition  of  ammonia.  It  is  also  easily 
desulphurised  by  warming  with  alkaline  lead  solution,  with  produc- 
tion of  a  brilliant  galena  speculum. 

Thiourea  and  Isovaler aldehyde-ammonia. 

The  generality  of  the  interaction  between  the  thiocarbimides  and 
aldehyde-ammonias  having  been  established  within  the  limits  stated 
above,  it  remained  now  to  be  learned  whether  the  thiourea  reaction 
could  be  extended. 

Isovaleraldehyde-ammonia  was  selected  for  experiment. 

Thiourea  (1  mol.),  dissolved  in  boiling  concentrated  alcohol,  was 
added  to  an  alcoholic  solution  of  the  aldehyde-ammonia  obtained 
from  isovaleraldehyde  (2  mols.).     On  heating  the  mixture  to  near  its 
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boiling  point,  ammonia  was  fi-eely  evolved ;  the  solution  was  now  let 
cool,  and  the  solvent  allowed  to  evaporate  at  the  ordinary  temperature. 
The  residue,  when  collected  and  recrystallised  from  alcohol,  yielded 
fine,  large,  glass-clear,  rhombic  plates  which  were  practically  pure 
(about  52  per  cent,  of  the  theoretical).  The  mother  liquors,  when 
poured  into  water,  gave  a  further  crop  of  the  crude  substance. 

A  portion  of  the  first  crop  was  further  purified  by  precipitating 
the  alcoholic  solution  with  water,  washing  the  precipitate  well  with 
ether,  and  recrystallising  from  alcoholic  ether.  The  product,  a  bril- 
liant, white  powder,  consisting  of  minute,  flattened,  rhombic  crystals, 
was  perfectly  free  from  the  odour  of  valeraldehyde,  and  melted  at 
120 — 121°.     It  was  dried  over  sulphuric  acid  and  analysed. 

I.  0*1935    gram   of    substance,   bnrnt  with    copper   oxide,  gave 
30*3  c.c.  nitrogen,  measured  at  16°  and  758*4  mm. 
II.  0*2890  gram  of  substance  gave  02810  gram  BaSOi. 
III.  0*3171  „  „     0*3138  gram  BaSOi. 


Calculated  for 


Experiment. 


CSN3H3(C5H,o)2.  I.  11.  HI. 

N  18-38  p.  c.  18-31         —  —   p.  c. 

S 13-98     „  —         13-36       13-60   „ 

The  product  is,  accordingly,  a  homologue  of  Nencki's  compound  ; 
its  formation  is  thus  represented  : — 

CSN2H4  -h  2C5Hio<^]^^  =  CSN3H3(C5Hio)2  +  NH3  +  2H2O. 

The  substance  is  moderately  soluble  in  cold  alcohol,  but  only  very 
sparingly  in  ether,  which  precipitates  it  from  the  alcoholic  solution. 
In  cold  water  it  is  insoluble,  but  on  boiling  gradually  dissolves  with 
decomposition,  evolving  valeraldehyde  and  ammonia.  The  residual 
solution,  after  cooling,  gives  a  black  precipitate  with  ammoniacal 
silver  nitrate.  Since  the  original  substance,  when  dissolved  in  dilute 
alcohol,  gives  with  this  reagent  a  curdy,  wliite  precipitate,  the  pre- 
sumption was  that  thiourea  was  a  product  of  the  decomposition  :  on 
applying  Glaus'  test,  it  was  found  to  be  present.  The  substance 
breaks  down,  therefore,  under  the  influence  of  water,  similarly  to 
Nencki's  compound  : — 

CSN'3H3(C5Hio)2  +  2H2O  =  CSlSr^H,  -h  2C4H9-CHO  +  ^n^. 

Action  of  Silver  Nitrate. — Alcoholic  solutions  of  the  constituents 
were  mixed.  On  the  addition  of  water,  the  silver  derivative  separated 
as   a  curdy,  white   precipitate,  which  was  washed,   first  with    much 
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water,  then  with  a  little  alcohol,  and  finally  with  more  water.  It  was 
tree  from  odour. 

When  heated  in  a  narrow  tube,  it  begins  to  darken  at  about  151°, 
and  appears  to  melt  at  152 — 153^.  A  little  gas  is  given  off,  and  the 
residue  instantly  changes  to  a  coal-black,  solid  mass. 

A  portion  was  dried  over  sulphuric  acid,  and  the  silver  estimated. 

03749  gram  of  substance,  oxidisedby  nitric  acid,  gave  0"1374'  gram 
AgCl. 

Calculated  for 
CijIIsaNgSjAgNOg.  Experiment. 

Ag    27-03  per  cent.  27-04  per  cent. 

As  in  the  case  of  the  lower  homologue,  a  monomolecular  addition 
compound  alone  could  be  obtained.  It  is  much  more  stable  than  the 
corresponding  one  previously  described. 

Action  of  Water  upon  the  Silver  Compound. — When  boiled  with 
water  alone,  the  (dried)  silver  compound  is  very  slowly  attacked,  as  it 
floats,  almost  unwetted,  on  the  liquid ;  but  on  the  addition  of  a  little 
alcohol,  which  facilitates  admixture,  decomposition  rapidly  com- 
mences, silver  sulphide  is  produced,  and  valeraldehyde  evolved, 
whilst  thiourea  and  a  nitrate  are  found  in  solution. 

The  decomposition  by  water  may  be  thus  represented  : — 

C„H23N3S,AgN03  +  5H2O  =  Ag^S  -f  CS^.U,  +  CO(^H,), 

4C4H9-CHO  +  2NH4-N03. 

Action  of  Acetic  Anhydride. — The  valeraldehyde  compound  dis- 
solves readily  in  hot  acetic  anhydride;  decomposition  occurs,  and 
valeraldehyde  is  freely  evolved.  The  action  is  thus  presumably  similar 
to  that  with  Nencki's  compound,  but  owing  to  want  of  material  it 
was  not  investigated  in  detail. 

Picrate. — Molecular  proportions  of  the  valeraldehyde  compound 
and  picric  acid  were  mixed  in  warm  alcoholic  solution ;  on  cooling, 
yellow  needles  separated,  and  the  mixture  was  exposed  freely  to  the 
air  in  order  to  concentrate  further.  Next  day  the  needles  had  given 
place  to  a  quantity  of  hexagonal  crystals,  and  the  odour  of  valeralde- 
hyde was  distinctly  perceptible.  The  crystals,  when  recrystallised 
from  water,  yielded  on  analysis  22-15  per  cent,  of  nitrogen  ;  whilst 
theory  would  require  for  the  picrate  18*38  per  cent.  On  repeating 
the  experiment,  substantially  the  same  phenomena  were  observed, 
and  the  resultant  solid  contained  approximately  the  same  amount  of 
nitrogen  as  before,  namely,  21-80  per  cent. 

As  more  or  less  valeraldehyde  was  evidently  split  off,  it  seemed 
probable  that  the  picrate  had  decomposed  under  the  continued  stand- 
ing in  contact  with  alcohol  and  water;  the  preparation  was  therefore 
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again  attempted,  but  on  this  occasion  the  yellow  needles  were  filtered 
off  as  soon  as  the   solution   had   become  cold,   and   after  being  well 
washed  with  cold  water,  were  dried  over  sulphuric  acid.     This  time 
the  odour  of  valeraldehyde  was  but  faintly  noticeable. 
A  nitrogen  determination  gave  the  following  result : — 

0*2251   gram  of  substance,  burnt  with  copper  oxide,  gave  36'5  c.c. 

measured  at  16°  and  756  mm.,  or  N  =  18" 79  per  cent. 
Calculated  for  CuH23N'3S,C6H2(N02)3-OH,  N  =  18-38  per  cent. 

When  heated  in  a  narrow  tube,  the  picrate  begins  to  redden  and 
shrink  at  119°  ;  but  no  further  sign  of  fusion  appears  below  165°. 
Prom  this  temperature  on,  the  substance  gradually  softens,  but  is  not 
completely  melted  below  192°,  when  it  forms  a  reddish-black  liquid 
which  soon  evolves  gas. 

The  nature  of  the  foregoing  decomposition  was  investigated.  A 
preliminary  qualitative  experiment  showed  that  the  substance,  when 
heated  in  aqueous  solution,  readily  evolves  valeraldehyde  ;  whilst  a 
new  picrate  separates,  as  the  liquid  cools,  in  long,  canary-yellow 
prisms  ;  the  latter  undergo  no  change  when  heated  to  200°. 

At  first  the  idea  suggested  itself  that  this  might  possibly  be  the 
hitherto  unknown  thiourea  picrate,*  produced  thus  : — 

CSN3H3(C5Hio)2,C6H.,(N02)3-OH  +  2H2O  = 

CSN2H4,C6H2(N02)3-OH  +  2C5H,oO  -f  NH,. 

The  crystals,  however,  proved,  on  examination,  to  contain  no  sulphur; 
the  latter  was  found  in  the  mother  liquor  in  the  form  of  thiourea. 
They  were  purified  by  recrystallisation  from  water,  dried  over  sulph- 
uric acid,  and  completely  analysed. 

I.  0-2976  gram  of  substance  gave  0-3183  gram  CO2,  and  0-0835 

gram  HgO,  or  C  =  29*16  per  cent.  ;  H  =  3*11  per  cent. 
II.  0*2245  gram  of  substance  gave  44-8  c.c.  nitrogen,  measured  at 
18°  and  758  mm.,  or  N  =  23-12  per  cent. 

These  results  indicate  that  the  substance  is  ammonium  picrate. 

Calculated  for 
C6H2(N02)3-ONH4.  Experiment. 

C 29-24  per  cent.  29-16  per  cent. 

H 2-44         „  3-11 

N 22-82        „  23*12 

0 45-50        „  — 

The  decomposition  occurs  as  follows  : — 

*  Thiourea  and  picric  acid  do  not  directly  unite  (at  least;  under  the  conditions 
realised  by  me)  when  brought  together  in  either  aqueous  or  alcoholic  solution. 
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CSN3H3(C5H:o)2,C6H2(N02)3-OH  -f  2H2O  =  CSX,H4  + 

C6H2(]N-02)3-ONH4  +  2aH,oO. 

Urea  and  Aldehyde-ammonia. 

N^unierous  attempts  were  made,  under  various  conditions,  to  cause 
ordinary  urea  to  interact  with  acetaldeliyde-ammonia,  but  without 
success,  so  far  as  the  production  of  an  oxygen  analogue  of  the  thio- 
urea compound  is  concerned. 

Methylthiocarbimide  and  Aldehyde-ammonia. 

Methylthiocarbimide  and  aldehyde-ammonia,  both  in  warm  alco- 
holic solution,  were  mixed  in  the  proportions  required  by  the  equa- 
tion 

CH3-]S'CS  -f-  2CH3-CH(OH)'NH2  =  CS]S'3H2(CH3)(C2H4)2  +  2H2O. 

On  cooling,  the  mixture  set  to  a  crystalline  mass,  which  was 
drained  on  the  filter-pump,  pressed  between  folds  of  bibulous  paper, 
and  recrystallised  from  boiling  alcohol.  Rosettes  of  long,  snowy- 
white  needles  separated,  which,  after  being  well  washed  with  cold 
spirit,  and  dried  over  sulphuric  acid,  amounted  to  over  70  per  cent, 
of  the  theoretical. 

The  formula  was  checked  by  a  sulphur  determination  : — 

0"3865  gram  of  substance  gave  0'5711  gram  BaS04. 

Calculated  for 
CgHisNsS.  Experiment. 

S 20-13  per  cent.  20'32  per  cent. 


When  heated  in  a  narrow  tube,  the  substance  melts  at  142 — 143° 
(uncorr.)  to  a  rich,  golden-yellow  liquid,  which  soon  changes,  with 
evolution  of  gas,  to  a  deep  mahogany-red. 

Boiling  alcohol  dissolves  the  compound  tolerably  freely  ;  but  it  is 
somewhat  sparingly  soluble  in  the  cold.  It  dissolves  readily  in  cold 
water,  but  the  aqueous  solution,  on  boiling,  at  once  begins  to  decom- 
pose, ammonia  and  aldehyde  are  evolved,  and  the  residual  liquid, 
when  concentrated  by  evaporation,  deposits  large,  well-formed  prisms, 
melting  between  117°  and  118°.  This  agrees  with  the  melting  point 
given  by  Andreasch  (Monats.  f.  Chem.,  2,  277)  for  methylthiourea, 
namely,  118^  ;  a  sulphur  determination  established  its  identity. 

I.  0*2909  gram  of  substance  gave  07432  gram  BaSOi. 

Calculated  for 

CSNsHaCCHg).  Experiment. 

S 3555  per  cent.  35*12  per  cent. 
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The  decomposition,  under  the  influence  of  water,*  accordingly 
runs  a  course  similar  to  that  of  the  thiourea  compound ;  it  may  be 
thus  formulated : — 

CcHislN-aS  +  2H2O  =  CSN'.Hg-CHa  f  2CH3-CHO  +  NH3. 

On  account  of  this  decomposition,  the  substance  is,  of  course, 
desulphurised  by  boiling  with  alkaline  solution  of  lead. 

Picrate. — Like  the  compounds  above  described,  the  methyl  deriva- 
tiv^e  also  readily  unites  with  picric  acid.  If  warm  alcoholic  solutions 
be  mixed,  golden-yellow,  hexagonal  plates  separate  on  standing; 
these  are  readily  soluble  in  warm  water,  and,  on  cooling,  come  down 
in  beautiful,  yellow,  iridescent  prisms,  which  can  easily,  even  when 
working  on  the  small  scale,  be  obtained  several  inches  in  length. 

After  drying  over  sulphuric  acid,  the  picrate  was  burnt  for  nitro- 
gen with  the  following  result :  — 

0  2027  of  substance  gave  38*1  c.c.  nitrogen,  measured  at  16°  and 

759  mm. 

Calculated  for 
C6Hi3]S'3S,C6H2(N02)3-OH.  Experiment. 

N 21-69  per  cent.  21-87  per  cent. 

This  salt  does  not  melt  at  200°.  When  heated  more  strongly,  it 
melts  quietly,  with  decomposition,  to  a  reddish- brown  liquid. 

A  silver  nitrate  compound  could  not  be  obtained  pure.  On  the 
addition  of  silver  nitrate,  and  working  either  in  aqueous  or  alcoholic 
solution,  a  sticky,  clotted  precipitate  forms,  which  is  very  unstable, 
beginning  to  darken  almost  as  soon  as  produced,  and  becoming  in  a 
few  minutes  black  and  tarry.  As  it  was  desirable,  however,  if 
possible,  to  investigate  the  silver  nitrate  derivatives  of  the  compounds 
of  aldehyde-ammonia  with  thiocarbimides,  in  order  to  compare  them 
with  the  silver  derivatives  already  described,  the  action  was  tried  on 
some  other  compounds  of  the  class  in  question. 

Action  of  Silver  Nitrate  on  the  Compound  of  Thenylthiocarhimide 
ivitli  Aldehyde-ammonia. — To  1  mol.  proportion  of  the  latter 
compound, t  carefully  purified  by  recrystallisation,  and  dissolved  in 

*  Further  investigation  with  other  compounds  of  this  class  showed  that  tlie 
Lehayiour  is  general ;  thus  the  compound  of  phenylthiocarbimide  and  aldehyde- 
ammonia,  when  boiled  with  water,  gave  ammonia,  aldehyde,  and  phenylthiourea  ; 
whilst  that  of  benzylthiocarbimide  with  valeraldehyde- ammonia  yielded  in  like 
manner  benzylthiourea,  ammonia,  and  valeraldehyde.  In  the  latter  case,  prolonged 
boiling  is  necessary  to  complete  the  decomposition,  as  the  compound  is  not  only 
lighter  than,  and  insoluble  in,  water,  but  is  also  wetted  by  this  liquid  with  some 
difficulty. 

t  The  constituents  of  this  compound  readily  unite  to  form  it  when  fused  together 
in  the  absence  of  any  solvent. 


AND   THIOCARBIMIDES   WITH    ALDEHYDE- AMMONIAS.  519 

strong  alcohol  cooled  by  a  freezing  mixture,  2  mol.  proportions 
of  silver  nitrate  in  alcoholic  solution  were  added,  also  well 
cooled.  A  white  precipitate  was  produced  which  was  rapidly 
filtered  off  by  means  of  the  vacuum-pump,  and  well  washed  with 
ether ;  neither  water  nor  alcohol  is  admissible  for  this  purpose,  as 
these  liquids  both  dissolve  and  decompose  the  silver  compound.  The 
product  was  dried  over  sulphuric  acid  in  a  vacuum,  and  the  silver 
estimated. 

0*2447  gram  of  substance,  oxidised  with  nitric  acid,  yielded  0"1225 
gram  AgCl. 

Calculated  for 
CnHi5N3S,2AgN03.  Experiment. 

Ag 38'46  per  cent.  38*60  per  cent. 

As  already  mentioned,  the  silver  salt  is  somewhat  soluble  in 
water ;  the  solution  soon  begins  to  decompose,  even  at  the  ordinary 
temperature,  and  in  a  short  time  becomes  black.  If  warmed  with 
water,  the  substance  blackens  immediately;  aldehyde  is  evolved,  and 
silver  sulphide  deposited  as  a  speculum  on  the  sides  of  the  containing 
tube.  The  residual  liquid,  when  cleared  by  filtration,  gives  the  reac- 
tion for  a  nitrate. 

Containing,  as  it  does,  2  mols.  of  silver  nitrate  to  1  of  base,  the 
silver  derivative  in  question  undergoes  under  the  influence  of  water 
a  change  slightly  different  from  those  previously  described.  Thus, 
when  boiled  until  the  smell  of  aldehyde  is  no  longer  perceptible,  and 
filtered  from  the  silver  sulphide,  the  following  observations  were 
made : — 

1.  The  liquid  is  strongly  acid  to  test-paper. 

2.  Ammoniacal  nitrate  of  silver  produces  a  loTiite  precipitate,  even 
in  the  warm  solution. 

3.  No  desulphurisation  occurs  on  boiling  with  alkaline  solution  of 
lead. 

The  latter  reactions  indicate  that  the  whole  of  the  sulphur  has 
been  removed  in  combination  with  the  silver.  Moreover  the  filtrate 
is  free  from  silver. 

These  various  facts  may  be  summed  up  by  the  equation  : — 

CSN3H2(C3H5)(C2H4)2,2AgN03  +  3H2O  =  AgaS  +  2C2H4O  + 

CeHs-NH-CO-NHo.  +  NH,-N03  +  HNO3. 

A  similar  derivative  was  obtained  in  the  case  following. 

Silver  Nitrate  and  Orthotolylthiocarhiifnide-aldeliyde' ammonia  Com- 
pound.— Molecular  proportions  of  the  orthotolyl  compound  and 
silver  nitrate  were  mixed,  in  cold  concentrated  alcoholic  solution. 
The  liquid  darkened  somewhat,  but  scarcely  any  solid  matter  sepa- 
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ratod.  On  adding  excess  of  the  nitrate,  a  copious,  finely-divided 
precipitate  formed,  which  was  quickly  filtered  off,  and  well  washed 
with  cold,  nearly  anhydrous,  alcohol. 

The  silver  derivative,  like  the  preceding,  is  very  unstable,  soon 
decomposing  even  in  contact  with  cold  alcohol.  If  water  be  added 
to  the  alcoholic  mixture,  the  solid  dissolves,  and  the  solution 
blackens  forthwith. 

The  substance,  when  dried  over  sulphuric  acid  in  a  vacuum,  gave 
the  following  data  on  analysis : — 

0-4148  gram  of  substance,  oxidised  with  concentrated  nitric  acid, 
yielded  0-2055  gram  AgCl. 

The  filtrate  from  the  above  yielded  0'1694  gram  BaSOi- 

Calculated  for 
CSNsHaCCyH;)  (C2H4)2,2AgN03.  Experiment. 

Ag 37-52  per  cent.  37-29  per  cent. 

S    5-57       „  5-61 

When  heated  in  a  narrow  tube,  the  salt  darkens  at  about  85°  and 
by  90""  is  quite  black;  if  heated  quickly  on  platinum  foil,  it  burns 
with  an  explosive  puif .  On  keeping,  it  gradually  darkens,  even  when 
quite  dry. 

The  action  of  water  is  substantially  the  same  as  in  the  case  of  the 
corresponding  phenyl  compound.  The  solid  is  decomposed,  gradually 
by  cold  water,  or  at  once  ou  warming ;  aldehyde  is  evolved,  and  the 
tube  brilliantly  coated  with  a  mirror  of  silver  sulphide.  The  filtrate 
gives  the  reaction  for  nitric  acid,  and  is  strongly  acid  to  test-paper.  It 
gives  no  perceptible  black  coloration  with  ammoniacal  silver  nitrate, 
but  is  nevertheless  not  absolutely  free  from  sulphur;  for,  on  boiling 
with  alkaline  lead  solution,  a  trifling  desulphurisation  occurs. 
Further  examination  showed  the  reason  of  this  ;  the  substance  on 
treatment  with  water — even  on  washing — loses  a  trace  of  silver, 
which  passes  into  solution,  and  can  be  detected  in  the  filtrate  by  the 
addition  of  dilute  hydrochloric  acid.  The  substance  having  thus 
become  somewhat  poorer  in  silver,  is  not  perfectly  desulphurised  on 
boiling  with  water.  The  action  may  be  substantially  represented  as 
follows  : — 

CSN3H3(C7H0(aH4)2,2AgNO3  +  3H2O  =  Ag^S  + 

CtH/NH-CO-NHz  -t-  2C2H4O  +  ]SrH4-N03  +  HNO3. 

Thus  it  appears  that  the  silver  nitrate  derivatives  of  the  thio- 
carbimide  compounds  selected  as  representatives  of  their  class  agree 
in  composition  and  in  the  mode  of  their  interaction  with  water. 

Action  of  Acetic  Anhydride  on  the  Orthotolylthiocarhimide-aldehyde- 
ammonia   Compound. — A   quantity    of    this    substance,    purified    by 
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repeated  recrjstallisatlon,*  was  added,  little  by  little,  to  excess  of 
acetic  anhydride,  the  latter  being  warmed  on  the  water-bath ; 
aldehyde  was  freely  evolved,  and  the  solid  dissolved,  formiDg  a 
deep-red  solution.  When  the  odour  of  aldehyde  ceased  to  be  per- 
ceptible, the  mixture  was  thrown  into  water  ;  a  brown,  curdy  mass 
separated,  which,  on  washing  with  alcohol,  became  white.  After  two 
recrystallisations  from  boiling  alcohol  (in  which  it  is  only  moderately 
soluble),  the  substance  was  obtained  in  beautiful,  white,  glittering 
prisms,  insoluble  in  water,  and  melting  at  184°  (uncorr.).  From  its 
appearance,  melting  point,  &c.,  it  was  evidently  identical  with  the 
acetylorthotolylthiourea  which  I  previously  described  (Trans.,  1889, 
304)  as  prepared  from  acetylthiocarbimide  and  orthotoluidine. 
A  sulphur  estimation  gave  the  following  result : — 

0*2017  gram  of  substance  gave  0*2402  gram  BaSOi. 

Calculated  for 
CSNsHoCCyH;)  -CO  -CHa.  Experiment. 

S 16-68  per  cent.  16-37  per  cent. 

The  product  is  accordingly  acetylorthotolylthiourea,  and  the  inter- 
action runs  the  same  course  as  in  the  case  of  the  corresponding 
phenyl  compound.  It  may  be  noted  that  the  melting  point  of  the 
ortho-  is  higher  than  that  of  the  para- to! yl thiourea ;  the  latter, 
according  to  Miquel  (Bull.  Soc.  CMm.,  28,  103),  melts  at  175—176°. 

Pheriylcarbimide  and  Aldehyde-ammonia. 

If  a  mixture  of  these  substances  be  gently  warmed  on  the  water- 
bath,  a  violent  action  occurs,  the  isocyanate  disappears,  and  a  brittle, 
white  solid  is  formed,  from  which  the  new  compound  can  be  easily 
isolated.     It  was  found  better,  however,  to  operate  as  follows  : — 

Aldehyde-ammonia,  dissolved  in  as  little  absolute  alcohol  as  pos- 
sible, was  well  diluted  with  anhydrous  ether,  and  added  to  an  equal 
weight  of  phenylcarbimide,  also  freely  diluted  with  ether.  Most  of 
the  latter  was  distilled  off  on  the  water- bath,  and  the  solid  residue 
(which  was  quite  free  from  the  odour  of  isocyanate)  collected  and 
purified  by  recrystallisation  from  much  boiling  alcohol.  The  sub- 
stance was  thus  obtained  as  a  felted  mass  of  very  delicate,  white 
needles,  having  a  beautiful  satiny  lustre,  and  melting,  with  decom- 
position, at  199 — 200°  (uncorr.)  to  a  mahogany- red  liquid. 

It  is  insoluble  in  water  and  in  benzene ;  very  sparingly  soluble  in 
boiling  alcohol  or  carbon  bisulphide,  almost  insoluble  in  the  cold. 

It  was  dried  at  100°  and  analysed,  with  the  following  results : — 

*  If  this  purification  be  omitted,  the  product  is  a  black,  tarry  oil,  from  which 
scarcely  any  solid  matter  can  be  extracted. 
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I.  0-2222   gram  of  substance  gave  05229  gram  COg  and  0-1458 
gram  HgO. 
II.  02312  gram  of  sabstance  gave  40-7  c.c.  nitrogen,  measured  at 
Id""  and  755  ram. 

These  figures  lead  to  the  formula  CuHis^aO. 

Theory.  Experiment. 

C    64-30  per  cent.  64-18  per  cent. 

H 7-32       „  7-30       „ 

N   20-53        „  20-23 

O   7-85       „  — 

This  substance  is  therefore  the  oxjgen  analogue  of  that  resulting 
from  the  interaction  of  phenylthiocarbamide  with  aldehyde-ammonia  ; 
its  formation  occurs  thus  : — 

CeHs-XCO  +  2CH3-CH(OH)-NH2  =  CnHisN^aO  +  2H2O. 

It  is  more  stable  than  the  corresponding  sulphur  compound ;  when 
boiled  with  water  alone,  it  is  not  sensibly  attacked,  but  on  the  addi- 
tion of  dilute  hydrochloric  acid  it  dissolves  readily,  and  with  evolution 
of  aldehyde.  From  the  residual  liquid,  on  cooling,  colourless  needles 
separate,  sparingly  soluble  in  cold  water,  melting  at  143 — 144°,  and 
further  characterised  as  carbanilamide  by  the  following  reactions:  — 

1.  When  heated  in  a  dry  tube,  ammonia  is  evolved,  and  a  crystal- 
line sublimate  forms. 

2.  The  latter,  on  further  heating,  emits  the  pungent  odour  of 
phenylcarbimide. 

2C6H5-NH-CO-NH2  =  CO(NH2)2  +  COCNH-CeHB)^. 
3CO(NH2)2  =  H3C3lSr303  +  3N'H3. 
COCNH-CeHs)^  =  CsHs-NCO  +  CeHs-NH^. 


Thus,  in  its  decomposition  by  (acidified)  water,  this  substance 
behaves  like  its  sulphur  analogue  : — 

CON3H2(C6H5)(C2H4)2  -f  2H3O  =  CeHs-NH-CO-NHa  +  2aH40 

+  N-H3. 

A  number  of  experiments  was  made  with  the  view  of  acquiring 
some  further  information  regarding  the  chemistry  of  the  thiocarbimide 
derivatives ;  a  few  of  these  may  be  mentioned. 

I.  Action  of  Nascent  Hydrogen  upon  the  Phenyl  Compound. — This 
experiment  was  undertaken  in  order  to  ascertain  whether  the  two 
aldehyde  groups  would  be  split  off  along  with  one  of  the  nitrogen 
atoms,  so  as  to  yield  diethylamine,  thus  :  — 


C6H5-CSI^3H2(C2H4)2  +  4H  =  CSNsHa-CeHs  +  NHCC^Hs) 
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Owing  to  the  instability  of  the  compound,  neither  strongly  acid  nor 
alkaline  reducing  media  could  be  employed  ;  it  was  therefore  treated 
with  sodium  amalgam,  dilute  hydrochloric  acid  being  added  from 
time  to  time,  so  as  to  keep  the  mixture  faintly  acid.  Under  these 
conditions,  decomposition  took  place,  but  not  in  the  sense  hoped  for ; 
the  escaping  hydrogen  smelt  of  aldehyde,  and  in  the  residue  were 
found  sodium  and  ammonium  chlorides,  together  with  a  substance 
melting  at  150°,  and  easily  recognised  as  monophenylthiourea :  — 

CnH,5N-3S  +  2H2O  =  CSNoHa-CeH,  +  2CH3-CHO  +  NH3. 

2.  Desulphurisation  of  the  Phenyl  Compound. — Two  experiments 
were  made  in  this  direction  : — 

In  the  first,  the  compound  was  desulphurised  by  freshly-precipi- 
tated yellow  oxide  of  mercury,  in  presence  of  aniline.  As  before,  the 
molecule  broke  down,  with  evolution  of  aldehyde  ;  the  desulphurisation 
product  was  a  deep  brownish-red,  tenacious,  basic  oil. 

In  the  second,  the  substance  was  treated  alone,  the  conditions  being 
otherwise  the  same  as  when  aniline  was  present.  A  solid  was  thus 
obtained,  which,  on  recrystallisation,  came  down  in  woolly  masses  of  fine 
needles.  These  melted  at  199 — 200^  were  freely  soluble  in  alcohol  and 
hot  water,  sparingly  in  the  cold,  and,  on  heating  with  dilute  hydrochloric 
acid,  evolved  no  aldehyde.  The  amount  of  material  obtained  was  too 
small  to  admit  of  a  complete  examination,  but  I  did  not  consider  it 
necessary  to  pursue  this  subject  further,  my  immediate  object  being 
merely  to  ascertain  whether  the  phenyl  compound  would  yield,  on 
desulphurisation,  a  substance  identical  vnth  the  phenyl  isocyanate- 
aldehyde-ammonia  product.  That  this  was  not  the  case  followed  as 
well  from  the  negative  result  on  h^^drochloric  acid  treatment,  as  from 
the  ready  solubility  of  the  compound  in  alcohol  and  hot  water. 

3.  Action  of  Nitrons  Acid  on  the  Phenyl  Compound. — A  quantity  of 
the  latter  substance  was  mixed  with  alcohol,  a  slight  excess  of  dilute 
hydrochloric  acid  added,  and  then,  little  by  little,  a  concentrated 
aqueous  solution  containing  excess  of  sodium  nitrite.  At  first  the 
mixture  cleared  and  assumed  a  green  colour,  but  as  the  addition  of 
the  nitrite  was  continued,  it  began  to  become  turbid ;  and,  after  a 
short  time,  a  lemon-yellow,  crystalline  solid  separated,  which,  in  the 
crude  state,  smelt  of  phenylthiocarbimide.  This,  when  collected, 
washed  well  with  spirit,  and  recrystallised  from  much  boiling  alcohol, 
was  obtained  in  delicate,  canary-yellow,  odourless  needles,  which  at 
183 — 184°  (uncorr.)  decomposed  with  an  explosive  puff.  When  dis- 
solved in  phenol  and  treated  with  a  few  drops  of  sulphuric  acid,  a 
deep  purple-red  coloration  is  produced,  which,  on  the  addition  of 
water  and  excess  of  caustic  alkali,  changes  to  a  beautiful,  azure-blue 
(Liebermann's  nitroso-reaction). 
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Tlioiigli  a  nitroso-substance,  it  is  not  a  derivative  of  the  aldehyde- 
ammonia  compound  ;  here,  as  in  many  other  cases,  decomposition 
occurs,  and  the  product  is  a  derivative  of  the  resultant  monophenyl- 
thiourea. 

This  compound  does  not  volatilise  in  a  current  of  steam  ;  is  prac- 
tically insoluble  in  water,  ether,  chloroform,  benzene,  and  hydrochloric 
acid,  very  sparingly  in  boiling  alcohol,  still  less  so  in  the  cold  ; 
slightly  in  boiling  glacial  acetic  acid,  by  which,  however,  it  is  to  some 
extent  decomposed.  Cold,  concentrated  sulphuric  acid  readily  dis- 
solves the  substance,  producing  a  beautiful  scarlet  liquid,  which 
changes  to  purple  on  warming.  It  is  insoluble  in  cold  aqueous 
potassium  hydroxide,  but  dissolves  easily  in  alcoholic,  giving  a  bright, 
scarlet  solution  resembling  the  preceding ;  this  liquid  is  decolorised 
by  warming  alone,  or  desulphurised  by  heating  with  alkaline  solution 
of  lead. 

On  treating  phenylthiourea  with  nitrous  acid  in  like  manner,  a 
yellow  solid  was  obtained,  which,  in  the  crude  state,  smelt  faintly  of 
phenylthiocarbimide.  By  recrystallisation  from  much  boiling  alcohol, 
delicate,  canary-yellow  needles  were  obtained ;  these  deflagrated  at 
184°,  gave  Liebermann's  reaction,  yielded  with  sulphuric  acid  the 
scarlet  and  purple  colorations,  and,  in  short,  were  identical  with  the 
nitroso-compound  previously  described. 

Nitrous  acid,  according  to  Hector  {Ber.^  22,  1177),  acts  upon 
phenylthiourea    to    form    a   basic     substance    dianilido-oiazothiole, 

N:C(NHPh)^  O  XT       ^    X    •,  .  n.  . 

I  .>o.      iNo   details  are   given  regarding   its   preparation 

N.(_/(JNJjLx  hj 

from  these  materials,  but  from  a  description  of  its  properties,  it  was 

evidently  different  from  the  compound  in  question.     Amongst  its 

derivatives,  however,  a  substance  is  briefly  referred  to   as  nitrosodi- 

N:C(NPh-N"0) 
anilido-oiazothiole,     I       ^  .^_^_.^,  s">S,   obtained    by   the    action    of 
NzzC(NHPh)^    '  ^ 

nitrous  acid  on  the  base.  This  is  described  as  a  yellow  powder, 
insoluble  in  water  and  alcohol ;  it  puffs  at  179°.  There  could  be  little 
doubt  that  the  substance  which  I  obtained  by  the  direct  action  of 
excess  of  nitrous  acid  on  the  aldehyde-ammonia  compound,  and  on 
phenylthiourea,  was  Hector's  nitroso-compound,  but  in  a  pure  con- 
dition. A  nitrogen  determination  (made  with  the  aldehyde-ammonia 
product)  showed  this  to  be  the  case : — 

0*1635  gram  of  substance   gave  34  c.c.  nitrogen,  measured  at  20° 
and  748  mm. 

Calculated  for  C14H11N5SO.  Experiment. 

N 23-62  per  cent.  23-57  per  cent. 
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From  orthotolylthiourea,*  by  similar  treatment,  a  correspoading 
nitroso-derivative  was  obtained,  togetber  witb  a  yellow,  sticky,  semi- 
solid material.  The  former  (not  recrystallised)  occurs  in  long,  yellow 
needles,  insoluble  in  water,  moderately  soluble  in  alcoliol,  and  melting, 
with  copious  effervescence,  at  150 — 151°,  to  a  mahogany-brown 
liquid.  It  gives  Liebermann's  reaction,  and  yields  with  cold  alcoholic 
potash  a  bright,  scarlet  solution,  but  dissolves  in  sulphuric  acid 
•without  colour-change. 

Ethi/ltJdourea  and  Nitrous  Acid. 

Interaction  occurred  with  much  effervescence,  a  disgusting  iso- 
cyanide-like  odour  was  produced,  and  soon  drops  of  a  yellow  oil 
separated.  The  latter,  when  extracted  with  ether,  and  the  ether 
distilled  off,  was  miscible  with  alcohol,  freely  desulphurised  on  treat- 
ment with  alkaline  lead  solution,  gave  no  colour  with  alcoholic  potash, 
and  smelt  pungently  of  ethylthiocarbimide.  The  equation  represent- 
ing the  production  of  this  snbstance  may  be  written  thus  : — 

CSN-^Hs-C^Hs  +  HNO2  =  CoHs-lS-CS  +  ^2  +  2H2O  ; 

but  it  by  no  means  expresses  the  whole  action,  for  amongst  the  pro- 
ducts sulphuric  acid  was  identified,  recognised  both  by  barium 
nitrate  and  by  its  charring  effect  on  paper. 

In  another  experiment  where  a  considerable  excess  of  nitrite  was 
employed,  no  ethylthiocarbimide  was  detected,  bat  the  resiiltaat 
solution  contained  much  free  sulphuric  acid. 

AUylthiourea  was  treated  in  like  manner  with  a  similar  result ;  the 
mixture  smelt,  first  of  isocyanide,  then  pungently  of  mustard  oil,  and 
sulphuric  acid  was  found  in  the  solution.f 

Thiourea  and  Nitrous  Acid. 

Earlier  in  the  present  paper  (p.  512),  Claus'  test  for  thioarei  is 
mentioned.  According  to  this  chemist  (see  also  Ber.,  4,  140 ;  and  6, 
726),  the  production  of  a  blood-red  coloration  with  ferric  chloride, 

*  The  melting  point  given  by  Staats  (Ber.,  13,  136)  for  this  compound,  namely, 
155°,  is  somewhat  low ;  a  preparation  made  from  ortliotolylthiocarbimide  and 
ammonia,  and  purified  by  recrystallisation  from  water,  melted  at  160 — 161° 
(uncorr.).  A  specimen  of  pure  di-orthotolylthiourea  was  found  to  melt  at  159° 
(uncorr.)  ;  the  melting  points  recorded  by  Q-irard  (Ber.,  4,  9S5)  and  Berger  (ibid.y 
12,  1854)  are  165°  and  156°  respectively. 

t  This  action  appears  to  be  very  complicated.  Not  only  were  the  above  phe- 
nomena observed,  and  some  evidence  of  the  presence  of  Hector's  diallyldithiotetra- 
hydrotriazole  (Abstr.,  1892,  292)  obtained,  but  also  of  at  least  one  other  product, 
to  which  he  does  not  appear  to  refer.  At  present,  I  have  not  access  :;o  Iiis  original 
paper. 

VOL.    LXT.  2    P 
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after  previous  treatment  of  thiourea  with  ethyl  nitrite,  is  due  to  the 
conversion  of  the  urea  into  the  metameric  ammonium  thiocyanate. 
No  explanation  is  offered  regarding  the  mechanism  of  the  production 
of  the  latter  substance,  which,  moreover,  was  not  isolated  ;  and,  indeed^ 
no  further  experimental  evidence  of  its  presence  is  adduced  than  the 
ferric  chloride  reaction,  and  the  fact  that  a  yellow  substance  was  ob-^ 
tained  resembling  in  the  main  pseudosulphocyanogen  (though  the 
analytical  data  diverged  considerably  from  those  required  by 
theory),  which  yellow  substance  resulted  also  on  treatment  of  am- 
monium thiocyanate  with  nitrous  acid  under  similar  conditions. 

But  as  more  or  less  thiocarbimide  was  produced  by  the  action  of 
this  acid  upon  the  monosubstituted  thioureas  above  mentioned,  it 
seemed  worth  while  to  try  whether  thiourea  really  underwent  con- 
version into  an  ammonium  compound.  For  if  the  action  proceeded 
upon  the  same  lines  as  where  the  substitution  derivatives  are  con- 
cerned, free  thiocyanic  acid,  rather  than  ammonium  thiocyanate,  might 
be  expected. 

An  experimental  investigation  of  the  action  was  therefore  com- 
menced, the  detailed  study  of  which,  as  well  as  that  of  nitrous  acid 
upon  the  substituted  thioureas  generally,  was  interrupted  when  I 
learned  that  Hector  desired  to  reserve  it.  But  the  following  qualita- 
tive data,  which  bear  chiefly  on  the  first  stage  of  the  decomposition, 
may  be  here  recorded. 

On  mixing  a  solution  of  thiourea*  in  dilute  spirit  with  ethyl  nitrite, 
the  mixture  became  first  deep  red,  then  yellow,  and  a  gas  containing 
free  nitrogen  and  its  oxides  was  evolved  with  effervescence.  A  portion 
of  the  resultant  clear  solution  was  freely  diluted  with  water  and 
divided  into  two  parts ;  to  one  of  these,  ferric  chloride  was  added, 
and  to  the  other,  Nessler's  reagent.  In  the  former,  the  rich  blood- red 
thiocyanate  coloration  appeared ;  whilst  the  latter  gave  no  indication 
of  the  presence  of  ammonia,  but  a  pale,  primrose-yellow,  finely-divided 
precipitate  formed.  For  the  purpose  of  comparison,  a  solution  of 
ammonium  thiocyanate  was  prepared,  giving  with  ferric  chloride  a 
colour  of  the  same  depth  as  that  previously  obtained ;  a  portion  of 
this  solution,  when  treated  with  Nessler's  reagent,  gave  the  deep, 
orange-brown  coloration  and  turbidity  characteristic  of  ammonium 
salts. 

The  remainder  of  the  former  solution  contained  in  a  dish  was 
placed  in  a  desiccator  over  oil  of  vitriol,  the  dish  being  surrounded  by 
pieces  of  filter-paper  moistened  with  solution  of  ferric  chloride.  The 
air  was  exhausted,  and  in  a  short  time  the  pieces  of  paper  became 
intense  blood-red,  indicating  the  presence  of  the  volatile  thiocyanic 

*  Similar  results  were  obtained  when  (as  in  Claus'  experiments)  the  solid  sub- 
stance was  employed. 
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acid.  As  the  liquid  concentrated,  a  quantity  of  a  flocculent  canary- 
yellow  material  separated ;  this,  when  filtered  oft*  and  washed 
thoroughly  with  water,*  dissolved  in  hot  alkali;  but  the  solution, 
after  continued  boiling  and  subsequent  acidification  with  acetic  acid, 
gave  with  lead  acetate  no  yellow  precipitate  ;  and  another  portion , 
similarly  boiled  with  alkali,  and  then  treated  with  excess  of  hydro- 
chloric acid,  gave  with  ferric  chloride  no  red  coloration :  from  which 
it  may  be  concluded  that  the  yellow  reaction  product  does  not  consist 
of  pseudosulphocyanogen. 

According  to  Storch  (Abstr.,  1891,  548),  nitrous  acid  (amongst 
other  oxidising  substances)  converts  thiourea  in  acid  solution  into 
the  bisulphide,  NH:C(N'H2)-S-S-(NH2)C:N'H;  but  the  substance  in 
question  does  not  seem  to  be  identical  with  this  bisulphide.  The 
ultimate  decomposition  is  evidently  profound,  for  a  portion  of  the 
sulphur  was  found  in  the  form  of  free  sulphuric  acid.  But  in  part, 
at  least,  it  appears  to  be  expressible  thus  : — 

csisr^Hi  +  imo,  =  hscn  -\-^z  +  211,0. 

Substituted  Thioureas  and  Aldehyde- ammonia. 

In  the  communication  to  which  reference  has  already  been  made,  a 
suggestion  was  thrown  out  regarding  the  mechanism  of  the  thiocarb- 
imide-aldchyde-ammonia  interaction,  which  would  bring  it  into  line 
with  the  thiourea  process.  This  was  to  the  effect  that,  a  molecule  of 
ammonia  splitting  off  from  two  of  aldehyde-ammonia,  the  former 
mio-ht  unite  with  the  thiocarbimide  to  form  a  substituted  thiourea, 
which  in  turn  combines  with  the  aldehyde-ammonia  residue  to  form 
the  new  compound.  With  thiourea  itself,  the  action  would  run  a 
similar  course,  save  that  the  molecule  of  ammonia  split  off  would  be 
liberated.  By  combining  the  mono-substituted  thioureas,  therefore, 
with  aldehyde-ammonia,  the  same  products  should  be  obtained  as  those 
afforded  by  the  corresponding  thiocarbimides ;  whilst  from  di-substi- 
tution  derivatives,  compounds  should  in  like  manner  be  formed  con- 
taining two  alkyl  groaps.  Thus,  using  the  provisional  formulae  before 
employed — 


NHjH  OHi-C^H^x 

CS/        + NHlHj      = 

^NHJH OHi-C2H4 jlSrg 

^^<NH*Sh  >^^  +  NH3  +  2H2O. 

*  The  filtrate  was  still  found  to  be  free  from  ammonium  salts,  though  giving  an 
intense  thiocyanic  acid  reaction.  It  should  be  added  that  only  a  small  portion  of 
the  latter  appears  to  be  in  the  free  state. 

.      2  r  2 
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<: 


CS^  +  \  NHlHi     = 


^NHiH  OHIC2H4 iN-H^i 


^^<NH-Sh  >^^  +  NH3  +  2H2O. 


CSC  +  NHIH 


^I^R'iH  OH1C2H4 INH, 


SC<^^-^^g;>NH  +  NH3  +  2H.0. 

In  attempting  to  realise  these  latter  interactions,  the  following 
compounds  were  used,  together  with  acetaldehjde-ammonia  : — 

CSlS-^Ha-CO-CHa. 
CSN-sHj-CaHg. 

CSN2H3-C6H5. 

CSN2H,(C3H5)-C6H5. 

l^umerous  experiments  were  made,  the  conditions  being  varied  as 
regards  (1)  the  nature  of  the  solvent  employed ;  (2)  the  degree  of 
concentration  of  the  solutions ;  (3)  the  time  (this  was  varied  from  a 
few  minutes  to  months)  ;  (4)  the  temperature  ;  and  (5)  the  presence 
or  absence  of  acid.  Under  none  of  the  conditions  attained  was  the 
desired  combination  effected. 

It  now  remains  to  describe  some  instances  in  which  the  interaction 
between  certain  thiocarbimides  and  aldehyde-ammonias  proceeds 
upon  lines  differing  from  those  hitherto  recorded. 

Flienylthiocarhimide  and  Gliloral-mninonia. 

These,  in  the  proportions  of  1  mol.  of  the  former  to  2  of  the  latter, 
were  mixed  in  concentrated  alcoholic  solution,  and  the  mixture 
warmed  to  just  below  its  boiling  point.  The  now  somewhat  red 
liquid  was  decanted  from  a  trace  of  white,  amorphous  precipitate, 
and  the  clear  liquid  set  aside.  On  standing  for  a  short  time,  colour- 
less, well-formed  prisms  began  to  separate  ;  these  contained  no  chlor- 
ine ;  melted  at  153°  ;  were  moderately  soluble  in  hot  water,  nearly 
insoluble  in  cold,  and  tasted  extremely  bitter  ;  on  warming  with 
alkaline  solution  of  lead,  they  gave  the  galena  reaction  readily. 
Analysis  was  unnecessary,  as  the  substance  was  obviously  phenyl- 
thiourea.     Therefore  the  expected  chlorinated  derivative, 

CSN-3H2(CeH5)(CH-CCl3)^ 
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is  not  the  product  of  this  action ;  but  the  elements  of  NH3,  having 
been  removed  from  tbe  chloral- ammonia,  combine  with  the  thiocarb- 
imide  to  form  phenjlthiourea. 

It  was  thought  that  the  heating  to  which  the  mixture  had  been 
subjected  might  possibly  have  facilitated  the  decomposition  of  the 
chloral-ammonia  into  its  constituents ;  but  on  employing  cold  solu- 
tions interaction  took  place,  with  precisely  similar  results. 

This  rather  unexpected  behaviour  of  chloral-ammonia  with  phenyl- 
thiocarbimide  led  to  an  experiment  to  ascertain  whether  the  former 
would  combine  with  thiourea  to  yield  a  chlorinated  derivative  of 
Nencki's  acetaldehyde  compound. 

Theoretical  quantities  of  the  constituents  were  heated  together  in 
alcoholic  solution,  whereby  some  decomposition  occurred,  and  the 
mixture  became  reddish,  but,  on  evaporating  the  solvent,  the  residue 
was  found  to  be  thiourea.  It  is  worthy  of  remark  that  the  latter 
separated  in  large,  thin,  six-sided  plates ;  on  recrystallisation  from 
water,  these  were  obtained  in  the  ordinary  rhombic  form. 

Some  experiments  were  carried  out  with  thiocarbimides  containing 
acid  radicles  ;  these  (sometimes  termed  thiocyanates)  are  obtained 
by  the  action  of  the  corresponding  acid  chloride  upon  lead  thiocyanate 
(Miguel,  Aim.  Ghim.  Phys.  [5],  11,  295).  In  this  connection,  it  is 
interesting  to  note  that  the  acetyl  compound  was  evidently  originally 
obtained  by  Nencki,  who  records  (Ber.,  6,  599)  that  "  on  heating 
acetylthiourea  with  phosphoric  anhydride,  a  pungently- smelling  oil 
distilled  over,  which  sank  in  water."  The  considerable  carbonisation 
which  occurred,  and  consequent  small  yield,  prevented  his  further 
examining  the  product.  But  the  latter  was  doubtless  identical  with 
the  so-called  "acetyl  thiocyanate,"  which,  four  years  later,  Miguel 
(loc.  cit.)  obtained  as  an  excessively  pungent  smelling  liquid,  of 
sp.  gr.  1151. 

Acetylthiocarbimide  reacts  with  extreme  readiness.  The  following 
observations  were  made  in  a  case  where  alcohol  had  been  employed 
to  dilute  the  liquid. 

15  grams  of  acetylthiocarbimide  were  added  to  about  the  same  bulk 
of  cold,  nearly  anhydrous  alcohol.  After  the  lapse  of  some  minutes, 
a  violent  action  took  place,  by  which  a  considerable  portion  of  the 
contents  was  projected  out  of  the  containing  tube.  Ethyl  acetate 
was  readily  recognised,  by  its  odour,  as  one  of  the  products :  — 

CHa-CONCS  +  aHs-OH  =  CHa'COOCaHs  +  HSCN, 

but  the  decomposition  had  gone  far  beyond  this ;  on  pouring  away 
the  remaining  liquid,  which  still  smelt  pungently  of  the  thiocarb- 
imide,  yellow  pellets  were  found,  varying  in  size  from  duck  shot 
downwards.     These  were  hard  and  brittle,  burned  with  a  blue  flame, 


530      DIXON:   CHEMISTRY   OF   THE   COMPOUNDS   OF   THIOUREA 

evolving  sulphurous  anhydride,  and  consisted  of  fused  sulphur.  The 
principal  residue  was  a  deep-yellow  powder,  insoluble  in  water,  but 
soluble  in  concentrated  sulphuric  acid  and  in  caustic  alkalis;  the 
latter  solution,  when  boiled  for  some  time  and  subsequently  acidified 
with  hydrochloric  acid,  gave  a  blood-red  coloration  with  ferric  chloride. 
Further,  the  soda  solution,  when  boiled  and  treated  with  excess  of 
acetic  acid,  gave  a  yellow  precipitate  with  lead  acetate.  These  reac- 
tions, as  well  as  the  appearance  of  the  substance,  characterised  it  as 
pseudosulphocyanogen. 


Acetylthiocarhimide  and  Aldehyde- ammonia. 

These  substances  interact  readily  with  evolution  of  much  heat,  but, 
unless  careful  attention  be  paid  to  conditions,  the  process  tends  to 
become  complicated,  and  sticky  or  tarry  matters  are  produced.  After 
many  trials,  using  different  methods,  the  following  was  found  to  give 
the  most  satisfactory  result. 

12*2  grams  of  aldehyde- ammonia  were  dissolved  in  the  least  possible 
quantity  of  almost  anhydrous  alcohol,  the  solution  largely  diluted 
with  anhydrous  ether,  and  well  cooled  by  a  freezing  mixture.  To 
this  was  added,  little  by  little,  a  solution  of  20*2  grams  of  pure  and 
freshly-distilled  acetylthiocarhimide  in  about  2|-  times  its  volume  of 
anhydrous  ether,  the  latter  solution  being  also  strongly  cooled.  The 
mixture,  greenish  at  first,  became  yellow  during  the  addition  of  the 
second  half  of  the  thiocarbimide  solution,  and  a  slight  precipitate 
gradually  formed. 

The  product  was  now  exposed  freely  to  the  air  in  an  open  dish ;  as 
the  solvent  evaporated,  a  white  solid  separated,  which  was  removed 
by  filtration,  and  the  mother  liquor  set  aside.  This  process  was  con- 
tinued, and  successive  crops  of  solid  substance  collected,  until  the 
filtrates,  now  red  in  colour,  began  to  become  syrupy.  The  mixed 
residues  were  washed  with  ether  and  twice  recrystallised  from  alcohol, 
then  treated  with  a  small  quantity  of  hot  water,  and  the  mixture 
filtered.  On  cooling,  this  filtrate  first  deposited  a  trifling  quantity  of 
short,  well-formed  prisms,  and  then  almost  solidified  from  separation 
of  woolly-looking  masses  of  fine,  slender  needles ;  the  former  adhered 
to  the  surface  of  the  containing  vessel,  so  that  the  remaining  crystals 
could  be  readily  separated,  by  inverting  the  dish  and  allowing  its  free 
contents  to  fall  out.  The  latter  were  well  washed  with  cold  water, 
and  dried  over  sulphuric  acid  in  a  vacuum. 

On  analysis,  the  following  data  w^ere  obtained : — 

0*2032  gram  of  substance  gave  0-3043  gram  CO2  and  0-1375  gram 
H2O. 
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0*2033  gram  of  substance  gave  36'6  c.c.  nitrogen,  measured  at  16° 

and  757*5  mm. 
0'2072  gram  of  substance  gave  36-8  c.c.  nitrogen,  measured  at  17° 

and  763  mm. 
01994  gram  of  substance  gave  0*2305  gram  BaSOi. 

From  which  results  the  formula  CvHigT^gSOg  is  deduced. 

Calculated.  Experiment. 

C 40-93  per  cent.  40*83  per  cent. 

H 7*32        „  7-58 

N 20-53         „  20-91         „         20*68 

S  ....... .      15-62         „  15*89 

0 15*60        „  — 

The  interaction  may  be  thus  represented  : — 

2CH3-CH(OH)-]SrH2  +  CHa-CO-NCS  =  CH^sNaSOa  +  H^O. 

On  comparing  this  with  the  equation  representing  the  action, 
between  acetaldehyde-ammonia  and  the  thiocarbamides  containing 
hydrocarbon  radicles,  it  is  noticeable  that,  whilst  in  both  cases  union 
occurs  in  the  proportion  of  1  mol.  of  thiocarbamide  to  2  mols.  of 
aldehyde-ammonia,  in  the  present  instance  only  a  single  molecule  of 
water  is  eliminated.  The  idea  that  the  interaction  might  have  run 
the  ordinary  course,  but  that  the  product  was  a  hydrate,  was  nega- 
tived, for  a  quantity  of  the  substance,  dried  in  the  cold  over  sulphuric 
acid,  underwent  no  perceptible  alteration  in  weight  after  being  heated 
for  an  hour  at  100°.  This  acetyl  derivative,  therefore,  holds  in  distinct 
chemical  combination  the  elements  of  a  molecule  of  water  more  than 
its  congeners. 

The  substance  gives  no  colour-reaction  on  the  addition  of  ferric 
chloride.  With  ammoniacal  silver  nitrate,  a  yellow  coloration  is 
produced,  which  rapidly  gives  place  to  a  copious  black  precipitate ; 
and  the  sulphur  is  also  very  readily  removed  by  warming  with 
alkaline  solution  of  lead.  It  is  scarcely  attacked  by  boiling  water 
alone,  but  is  at  once  decomposed  on  heating  with  dilute  hydrochloric 
acid,  with  evolution  of  aldehyde. 

It  is  readily  soluble  in  boiling  water,  sparingly  in  cold  ;  very  freely 
in  hot  alcohol,  moderately  in  cold ;  slightly  soluble  in  hot  benzene, 
practically  insoluble  in  ether.  When  purified  by  repeated  crystal- 
lisation from  aqueous  alcohol,  the  substance  melts  at  187°  (uncorr.) 
with  effervescence  to  a  brown  liquid,  which  rapidly  acquires  a  deep 
bromine-red  colour.  The  melting  point  is,  however,  extremely  sensi- 
tive to  impurities,  and  traces  of  the  latter,  which  chemical  analysis 
fails  to  detect,  will  lower  it  by  nearly  10°. 
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Benzoylthiocarhimide  and  Aldehyde-ammonia. 

Since  the  former  substance,  according  to  Miguel,  is  a  true  thio- 
carbimide,  it  was  anticipated  that  the  interaction  between  these 
would  run  a  .course  parallel  to  that  of  the  alkylthiocarbimides. 
Experiment  has  failed  to  verify  this  expectation. 

The  two  constituents  were  mixed  in  concentrated  alcoholic  solution, 
with  cooling  by  water.  In  about  an  hour  crystals  began  to  form  in 
the  brownish  liquid,  and  after  VI  hours  the  separation  was  complete ; 
the  solid  product  was  drained  on  the  filter  pump,  washed  with  spirit, 
and  recrystallised  twice  from  alcohol.  As  thus  obtained,  the  substance 
forms  vitreoup,  oblique  prisms,  perfectly  colourless,  and  melting  at 
170—171°  (uncorr.). 

On  the  addition  of  ammoniacal  silver  nitrate  to  the  alcoholic 
solution,  a  black  precipitate  falls ;  and  on  treatment  with  alkaline 
lead  solution,  a  very  brilliant  galena  speculum  is  produced.  But  on 
boiling  with  dilute  hydrochloric  acid  not  a  trace  of  aldehyde  was 
evolved  ;  it  was,  therefore,  improbable  that  the  compound 

CS]S'3H2(CO-C6H5)(C2H02 

was  in  hand ;  this  suspicion  was  confirmed  by  the  results  of  analysis. 

0*2302  gram  of  substance  gave  30*2  c.c.  nitrogen,  measured  at  11" 

and  749  mm. 
0-2275  gram  of  substance  gave  0-2974  gram  BaS04. 

These  data  lead  to  the  conclusion  that  the  substance  is  benzoyl- 
thiourea. 

Calculated  for 
CSNsHa-CO-CeHs.  Experiment. 

1^ 15-59  per  cent.  15-37  per  cent. 

S 17-79         „  17-97 

The  melting  point  of  this  compound  is  given  by  Pike  {Ber.,  6,  755) 
as  169—170° ;  and  by  Miguel  {Ann.  Chim.  phys.  [5],  11,  313)  as  171" ; 
as  already  stated,  the  melting  point  observed  lies  between  170°  and 
171°.  The  substance,  moreover,  is  sparingly  soluble  in  cold  water, 
and  has  an  extremely  bitter  taste. 

In  the  interaction,  therefore,  between  benzoylthiocarhimide  and 
aldehyde-ammonia,  only  the  elements  of  NH3  in  the  latter  compound 
have  taken  part — 

CeHs-CO-NCS  +  NH3  =  CSN^Ha-CO-CeHs. 

The   experiment   was   several   times   repeated,  and   the   conditions 
varied,  but  without  affecting  the  result. 

It  may  here  be  added,  th^,t  benzoylthiourea  dissolves  in  benzene  and 
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in  diloroform,  crystallising  from  either  in  brilliant,  silvery  prisms.  It 
is  soluble  also,  witliout  decomposition,  in  concentrated  sulphuric  acid, 
from  which  it  separates  on  dilution  with  water  in  fine,  silvery 
needles. 

The  information  now  acquired  regarding  the  acetaldehyde-  and 
valeraldehy de-ammonia  compounds  of  thiourea  on  the  one  hand,  and 
the  alkylthiocarbimide  derivatives  of  aldehyde-ammonia,  may  be 
generally  stated  as  follows  : — 

a.  Tliey  combine  with  picric  acid,  forming  equimolecular  additive 
compounds. 

h.  They  are  decomposed  by  hot  acetic  anhydride,  with  elimination  of 
both  aldehyde  groups,  together  with  one  of  the  three  nitrogen 
atoms,  and  production  of  the  corresponding  acetylated  thio- 
urea. 

c.  Boiling  with  water  effects  an  analogous  decomposition,  save  that 

the  resultant  thiourea  is  not  acetylated. 

d.  They  combine  with    silver   nitrate,  yielding  sparingly  soluble 

additive  products,  which  are  more  or  less  unstable  in  presence 
of  water. 

Prom  the  striking  resemblance  in  the  behaviour  of  these  com- 
pounds, the  conclusion  may,  I  think,  be  fairly  drawn  that  they  are  all 
members  of  the  same  class.  Their  decompositions,  so  far  as  they 
have  been  studied,  all  proceed  upon  the  same  lines,  and  the  only  point 
of  distinction  observed  between  the  thiocarbimide  and  the  thiourea 
compounds  lies  in  the  power  which  the  molecules  of  the  former 
possess,  of  uniting  wdth  2  mols.  of  silver  nitrate,  whilst  those  of  the 
latter,  under  the  same  conditions,  can  hold  but  one.  But  even 
amongst  these  metallic  derivatives,  the  resem.blance  otherwise  still 
holds ;  all  readily  break  down  on  mere  contact  with  hot  water,  and 
the  resultant  decompositions  run  essentially  the  same  course.  In 
each  case,  the  two  aldehyde  groups,  as  such,  are  split  off,  and  one- 
third  of  the  nitrogen  leaves  the  compound  in  the  form  of  ammonia ; 
the  residual  nitrogen  is  found  either  as  a  urea  or  a  urea  plus  a 
thiourea,  according  to  the  amount  of  metal  present.  From  the 
nat  ure  and  uniformity  of  these  changes,  it  may  be  inferred  :  first, 
that  the  two  aldehyde  groups,  existing  as  such,  together  with  a 
nitrogen  atom,  occupy  a  constant  position  in  the  molecule;  and, 
secondly,  that  the  remainder  of  the  molecule  is  a  thiourea  residue. 

What  the  structiire  of  the  former  portion  may  be  is  still  rather 
obscure  ;  for,  though  the  uniformity  in  decomposition  is  highly  sug- 
gestive of  similarity  in  structure,  it  does  not  throw  much  light  upon 
the  atomic  arrangement. 

But  whilst  the  constitution  of  this  aldehydic  fraction  of  the  mole- 
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cule  still  requires  further  examination,  the  present  investigation  has 
brought  to  light  some  interesting  observations  bearing  upon  that  of 
the  residual  portion,  which  observations  tend  to  corroborate  the  con- 
clusions drawn  by  Professor  Emerson  Reynolds  (Trans.,  1891,  394) 
from  an  experimental  study  of  the  thiocarbamidammonium  com- 
pounds. 

In  the  communication  in  question,  it  is  pointed  out  that,  whilst 
thiourea  readily  unites  with  ammonium  chloride,  bromide,  and  iodide, 
and  (though  less  readily)  with  di-,  tri-,  and  tetr-ethyl  ammonium 
bromides,  on  the  other  hand,  none  of  these  compounds  could  be 
caused  to  combine  with  substituted  thioureas.  Adopting  the  view 
that  union  occurs  by  means  of  the  nitrogen,  the  author  reasons  that 
"  the  loss  of  power  of  combination  with  ammonium  bromide  when  but 
one  atom  of  hydrogen  in  thiocarbamide  is  displaced  by  a  more  posi- 
tive radicle,  such  as  ethyl  or  phenyl,  is  inconsistent  with  the  sym- 
metrical constitution  of  thiocarbamide,  which  should  still  have  an 
NH2  group  unaffected  and  available  for  union,  but  is  quite  consistent 
with  its  unsymmetrical  structure."  On  this  and  other  grounds  he 
considers  that  the   constitution  is  best  expressed  by  the  unsymme- 

trical  formula  H]S'!C<^ctt  ^-  In  the  case  of  monosubstitution  deriva- 
tives the  choice  lies  between  IIN!C<[^tt^  and  H]SriC<^^TT  ?  prefer- 
ence being  given  to  the  former,  as  according  best  with  the  genesis  of 
these  compounds  from  RNCS  and  ammonia;  and  he  explains  the 
failure  of  the  monosubstituted  thioureas  to  yield  addition  products 
with  ammonium  haloids,  by  suggesting  that  "the  presence  of  the 
positive  radicle  in  the  imidic  group  paralyses  the  power  of  combina- 
tion, which  appears  in  consequence  to  be  exclusively  due  to  the  NH 
•of  the  substance  we  have  been  accustomed  to  term  thiocarbamide." 

The  results  obtained  on  treating  aldehyde-ammonia  with  thio- 
urea and  its  substitution  derivatives  respectively,  not  only  afford 
evidence  of  the  unsymmetrical  nature  of  these  molecules,  but  also,  I 
think,  support  the  view  above  quoted.  For  the  fact  that  thiourea 
interacts  quite  as  readily  with  valeraldehyde-ammonia  as  with  its 
lower  homolcgue  indicates  that  combination  is  not  specially  depen- 
dent upon  the  nature  of  the  aldehydic  hydrocarbon  residue.  But,  in 
sharp  contrast  to  this,  is  the  fact  that  even  a  single  substitution  in 
the  thiourea  suffices  to  completely  destroy  its  power  of  interaction ; 
just  as  in  the  cases  cited  by  Professor  Reynolds,  it  paralysed  its  power 
of  forming  addition  compounds. 

Whilst  admitting  the  unsymmetrical  structure  of  the  mono-substi- 
tution derivatives,*  it  might,  however,  be  argued  that  their  genera- 

*  Moreover,  evidence  gained  from  a  study  of  tiie  melting  points  of  these  com- 
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tion  from  RNCS  and  ammonia,  though  evidence  in  favour  of  the 
formula   E/N!C<^    ^    does    not    necessarily    exclude    the    other — 

HN!C<^  ;     that  power  of   interaction    or  combination  may  be 

determined  by  the  NHg,  but  lost  when  this  becomes  NHR. 

It  was   hoped  that  a  study  of  the  action  of  nitrous  acid  on  these 
compounds  might  serve  to  decide  between  the  above  formulae.     For, 

assuming   the    structure   to   be    NH:C<  ,    a   nitroso-compound 

might  be  expected  to  result ;  but  this,  as  already  shown,  is  not  the 
case.     On  the  other  hand,  if  the  substances  in  question  are  of  the 

form  R]S'.*C<^        ^   the  non-formation  of  a  nitroso-derivative  is  in- 

telligible  ;  here  the  attack  on  the  ami  die  group  might  give  rise  to  an 

OTT 
unstable  alkylimidothiocarbonic  acid,  RNIC-^  which,  by  loss   of 

the  elements  of  water,  could  yield  the  corresponding  thiocarbimide — 
a  compound  which  (though  in  small  proportion)  is  actually  formed. 
And  in  like  manner  the  formation  of  thiocyanic  acid  from  thiourea  is 
explicable  : — 

(1.)  nh:c<^^^  +  HNO,  =  ]srH:c<^^  +  1^2  +  h^o. 


(2.)  NH:C<^^  =  H2O  +  HSCN. 


But  the  action  of  nitrous  acid,  under  the  conditions  stated,  is  un- 
fortunately for  this  purpose,  far  from  simple ;  and  hence  scarcely 
allows  of  any  definite  conclusion  being  drawn. 

The  bearing  of  the  foregoing  upon  the  constitution  of  Nencki's 
compound  and  its  homologue,  and  the  thiocarbimide  derivatives  of 
aldehyde-ammonias,  remains  to  be  considered.  Assuming  that,  in 
the  former,  interaction  occurs  exclusively  through  the  imidic  group, 
their  production  may  be  thus  represented : — 

pounde  points  to  the  conclusion  that  they  differ  in  structure  from  the  disubstituted 
thiocarbamides.  But  as  there  is  considerable  reason  for  believing  the  latter  to  be 
symmetrical — at  least  in  the  solid  state — it  may  be  inferred  that  the  former  are 
not.     I  hope  later  on  to  make  a  communication  on  this  subject. 
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But  the  close  resemblance  in  general  properties  and  decompositions 
between  these  and  the  thiocarbimide  compounds  affords,  as  already 
pointed  out,  strong  evidence  of  similarity  in  structure;  in  which 
case  the  latter  would  have  to  be  regarded  as  substitution  derivatives 

of  the  form,  HS-C<^^^^CHR. 

Such  a  derivative,  however,  in  breaking  down  so  as  to  afford  the 
corresponding  substituted  thiourea    must  either  yield  an  isomeric 

compound  of  the  form  HS*C«^-vt-tt     '  or  the  radicle  must  alter  its 

position.  There  is  no  substantial  ground  for  the  latter  assumption, 
but  the  observed  phenomena  may,  I  think,  be  explained  as  follows  : — 
In  the  case  of  thiourea,  both  amidic  and  imidic  groups  simultaneously 
giving  up  hydrogen  to  the  hydroxyl  groups  of  the  aldehyde- 
ammonia  to  form  water,  the  residue  can  then  unite,  with  elimination 

of  ammonia,  to  form  the  compound  HS*C<^n^TT.Tu-/p  tt  \  •     But  with 

substituted  thioureas  this  simultaneous  loss  of  2H  cannot  occur, 
and  hence  no  interaction  takes  place.  The  substitution  derivatives 
obtained    from    the    thiocarbimides    may    be    formulated    thus : — 

HS*C*^-T,^'-rT.-i»^/p  TT  \  J  whereby  the   decomposition  by  water  becomes 

intelligible  ;  the  molecule  readily  breaks  down  at  the  point  of  junc- 
tion of  the  two  directly  linked  nitrogen  atoms  ;  ammonia  and  2  mols. 
of  aldeJiyde  result,  and  the   residue  is  a  monosubstituted  thiourea 

HS'C^-jo-TT  .      From    Nencki's    compound,  or  its  homologue,  by   a 

precisely  similar  interaction,  thiourea  itself,  HS'C-^-j^tt  ,  would 
result. 

Chemical  Laboratory, 
Queen's  College,  Corlc. 


XLIX. — Isomerism  amongst  the  Substituted  Thioureas. 

By    Augustus   E.    Dixon,   M.D.,    Professor   of    Chemistry,    Queen's 

College,  Cork. 

It  has  been  established  in  every  case  hitherto  recorded  that  the  pro- 
duct resulting  from  the  combination  of  a  given  thiocarbimide  XNCS- 
with  a  given  primary  amine  YNH2  is  identical  with  that  obtained 
by  the  action  of  the  thiocarbimide  YNCS  upon  the  amine  XNH2- 
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This  admits  of  explanation  most  simply  by  the  supposition  that  the 
resultant  compound  is  symmetrical,  in  which  case  the  interaction 
leading  to  its  formation  is  expressed  thus  : — 

XNCS  +  YN^Ho.  =  SC<^^Y  • 

But,  on  the  other  hand,  evidence  is  rapidly  accumulating,*  which 
points  to  the  view  that  thiourea  itself,  together  with  its  mono-  and 
tri-substitution  derivatives,  are  unsymmetrical  compounds  of  the  type 

If,  therefore,  the  di-substitution  derivatives  are  similarly  constituted, 
the  production  of  identical  compounds  under  the  above  circumstances 
Avoiild  involve  the  shifting  of  the  groups  in  the  molecule  at  the 
moment  of  its  formation,  so  as  to  allow  of  the  former  assuming  a 
definite  position  of  maximum  stability.  This  view  is,  however,  by 
no  means  free  from  difficulty,  for  it  will  be  shown  later  on,  that 
amongst  the  tri-substituted  thioureas,  which  are  produced  similarly 
from  the  thiocarbimides  and  secondary  amines,  no  such  mobility  is 
observed ;  and  though  this  of  course  does  not  exclude  the  possibility 
of  such  change  in  the  case  of  di-substituted  compounds,  it  renders  it 
somewhat  improbable.  From  these  difficulties  an  escape  has  recently 
been  sought  in  the  idea  of  tautomerism ;  the  compounds  may  be 
symmetrical     when    in    the    solid    state,    Avhilst    the    three    forms 

SC<^-»^TTYJ  ^^-C^CoTT  5  ^"<i  ^■^•^'^SH  ^^^  ^^^  coexist  in 
solution  (Foerster,  Bcr.,  21,  1872). 

Though  in  numerous  instances  the  di-substituted  thioureas  have  been 
thus  prepared  by  the  "  cross  method  "  above  mentioned,  it  is  remark- 
able that,  so  far,  no  investigation  appears  to  have  been  carried  out 
with  the  view  of  ascertaining  whether  the  tri-substituted  derivatives 
produced  in  like  manner  would  be  identical  or  isomeric. 

In  a  paper  recently  communicated  to  this  Society  ("  New  Benzylic 
Derivatives  of  Thiocarbamide,"  Trans.,  1891,  551),  I  incidentally 
described  two  methylphenylbenzyl  compounds  which  were  isomeric, 
but  the  two  corresponding  ethylphenjdbenzyl  derivatives  presented 
so  close  a  resemblance,  that  it  was  impracticable,  on  the  data  then 
acquired,  to  predicate  their  identity  or  otherwise.  Some  further 
information  has  since  been  accumulated  bearing  on  the  subject  in 
question,  though  unexpected  experimental  difficulties  have  prevented 
its  being  as  complete  as  was  originally  hoped.  I  now  beg  to  com- 
municate the  results. 

*  See  e.ff.,  Storch  (Abstr.,  1891,  548) ;  Keynolds  (Trans.,  1891,  394)  j  Dixon 
(Trans.,  1892,  509),  and  Bertram  {post,  p.  543). 
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Isomerism  is  obviously  impossible  amongst  compounds  produced 
from  thiocarbimides  and  secondary  amines  where  all  three  radicles 
are  identical.  Where  two  are  identical,  two  isomers  can  theoreti- 
cally be  formed,  whilst  where  all  three  differ,  three  isomeric  forms 
are  possible.  Thus,  assuming  for  the  moment  the  resultant  product 
to  be  constituted  on  the  symmetrical  type  : — 


A.- 


I.  CSNX  +  NHT^     =  SC<^^^-^, 
II.  CSNY  +  NHXY  =  SC<^gY5 


or,  if  unsymmetrical — 


I.  CSNX  +  N-HYa    =  xn:c<^^' 


* 


II.  CSNY  +  NHXY  =  YN^:C<g^^  . 

B.  Symmetrical — 

I.  XNCS   +  N-HYZ   =  SC<^g^, 

II.  YNCS   +  NHXZ   =  SC<^^Y, 

III.  ZNCS   +  NHXY   =  SC<^|-| . 

If  the  type  be  unsymmetrical,  three  isomeric  derivatives  are  simi- 
larly possible. 


A.  Tri-substitdted  Thioureas  Containing  Two  Different  Radicles. 

Phenylthiocarbimide  and  Dimethylamine. 

Molecular  proportions  of  the  above  constituents  were  separately 
dissolved  in  alcohol,  and  the  solutions  mixed;  interaction  rapidly 
took  place  with  evolution  of  heat,  and,  on  cooling,  the  whole  solidified 
to  a  crystalline  mass  which,  when  drained  and  recrystallised  from 
alcohol,  yielded  long,  white,  pointed  prisms  melting  at  134 — 135° 
(uncorr.)  without  decomposition. 

*  That  the  sulphur  is  not  attached  to  a  compound  radicle  in  these  substances 
is  shown  by  the  fact  that,  on  desulphurisation  by  metals,  a  metallic  sulphide,  and 
not  a  mercaptide,  is  produced. 
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A  sulphur  defcermination  showed  the  product  to  consist  of  the^ 
expected  phenyldim  ethyl  thiourea. 

0*'2300   gram   of    substance,    dried    over   sulphuric    acid,    yielded 
0-2934  gram  BaSOi. 

Calculated  for 

C9H13N2S.  Experiment. 

S 1779  per  cent.  17-53  per  cent. 

The  substance  is  moderately  soluble  in  boiling  water,  very  sparino-ly 
in  cold,  very  freely  in  hot  alcohol,  much  less  so  in  cold. 

Its  aqueous  solution  is  not  desulphurised  by  boiling  with  an 
alkaline  solution  of  lead.  Silver  nitrate  gives  no  precipitate,  but  the 
mixture  gradually  blackens  even  when  cold,  and  after  some  time  a 
very  brilliant  silver  sulphide  mirror  forms.  With  ammoniacal  silver 
nitrate,  a  white,  curdy  precipitate  falls  ;  this  is  stable  in  the  cold,  and 
is  only  slowly  blackened  even  on  boiling. 

On  boiling  with  aniline,  the  solid  evolves  dimethylamine,  and  tha 
residue,  on  treatment  with  dilute  hydrochloric  acid,  yields  a  crystal- 
line mass  consisting  of  thiocarbanilide  : — 

CSN2H(CH3)2-C6H5  +  CeHs-NH^  =  CSN^H^CCeHs)^  +  ISrHCCHs)^. 
The  compound  above  described  is  accordingly  isomeric  with  Geb- 

hardt's    "symmetrical    dimethylphenylthiourea,    SC<^n.j,^-rx -."^^ -rr '^ 

-IN  (Oxlaj'Oeils 

(Ber.,  17,  3037),  obtained  from  methyl thiocarbimide  and  methyl- 
aniline  in  the  form  of  vitreous,  transparent  prisms  melting  at  114°, 
and  decomposed  by  boiling  aniline,  with  formation  of  methylamine,. 
methylaniline,  and  thiocarbanilide. 

Attempts  were  made  to  obtain  other  analogous  compounds,  but 
unsuccessfully.  Gebhardt  (Ber.,  17,  3038)  records  his  failure  to 
obtain  from  diethylamine  and  phenylthiocarbimide  a  phenyldiethyl- 
thiourea ;  I  can  corroborate  his  statements  as  regards  the  difficulty 
of  obtaining  a  solid  product;  in  my  experiments  hot,  strong,  alcoholic 
solutions  were  first  employed,  and  later  on  dilute  and  strongly  cooled  ; 
the  product  being  in  every  case  a  tenacious,  uncrystallisable  oil. 

No  better  success  attended  the  attempt  to  prepare  an  isomer  from 
ethylthiocarbimide  and  ethylaniline ;  these  substances  failed  to  com- 
bine when  heated  together  for  three  hours  at  100°.  Another  hour's 
heating  at  130 — 136°  somewhat  deepened  the  colour  of  the  mixture,, 
which  still  smelt  pungently  of  the  unchanged  thiocarbimide  ;  and 
after  successive  fruitless  heatings  at  155°  and  160°,  the  temperature 
was  raised  for  an  hour  to  230°.  Complete  decomposition  was  the 
result ;  the  contents  of  the  tube  formed  a  blackish-red  oil,  whilst  com^ 
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busfcible    gas   escaped   on   opening  it,  and  this,  as  well   as  the   oilj 
residue,  smelt  strongly  of  mercaptan. 

B.  Tri-substituted   Thioureas   Containing  Three  Different 
Radicles. 

As  recorded  in  my  paper  on  benzylic  derivatives  of  thiocarbamide 
{loc.  cit.),  methylthiocarbimide  and  benzylaniline  yield  a  trisubstitu- 
tion  derivative  melting  at  121°,  whilst  from  benzylthiocarbimide  and 
methylaniline  a  substance  is  obtained  of  the  same  ultimate  composi- 
tion, but  melting  at  85°.  Here  the  isomerism  in  two  of  the  three 
possible  cases  is  sufficiently  obvious;  but  this  was  by  no  means  the 
case  where  the  corresponding  ethylated  compounds  were  concerned. 

From  benzylthiocarbimide  and  ethylaniline  on  the  one  hand,  and 
from  ethylthiocarbimide  and  benzylaniline  on  the  other,  substances 
were  obtained  melting  at  91"",  agreeing  in  ultimate  composition  ;  in  the 
main,  in  reactions  ;  and  also  .in  general  appearance  ;  the  only  point  of 
distinction  definitely  noted  being  that  the  long  prisms  of  the  former 
were  oblique,  whilst  those  of  the  latter  were  somewhat  broader,  and 
rectangular.  But  no  more  material  differences  were  observed,  and 
under  an  ordinary,  not  very  minute  examination,  the  products  might 
readily  have  passed  for  identical. 

A  subsequent  investigation  has  revealed  the  fact  that,  in  spite  oE 
their  close  resemblance,  these  substances  are  really  isomeric. 

Action  of  Ammonia  on  the  Benzylthiocaj'bimide- Ethylaniline  Oom- 
'pound. — The  benzylthiocarbimide  derivative  was  sealed  up  with  a 
considerable  excess  of  alcoholic  ammonia,  and  heated  for  an  hour  at 
about  100°.  On  removal  and  exposure  to  air,  the  contents  of  the  tube 
soon  began  to  deposit  rosettes  of  white  needles ;  when  the  separation 
was  complete,  the  latter  were  collected,  recrystallised  from  alcohol,  and 
examined.  They  were  somewhat  sparingly  soluble  in  boiling  water, 
insoluble  in  cold  ;  slowly  desulphurised  by  boiling  with  alkaline  solu- 
tion of  lead  ;  melted  between  161°  and  162°,  and  consisted  obviously 
of  benzylthiourea.  Melting  point  of  the  latter  (Trans.,  1892,  553), 
161 — 162°.  The  filtrate  from  the  original  crop  of  needles,  on  farther 
concentration  by  exposure  to  air,  began  to  turn  green,  and,  when 
poured  into  water,  gave  a  precipitate  consisting  of  oily  drops, 
possessing  the  characteristic  odour  of  ethylaniline.  Under  the 
action  of  alcoholic  ammonia,  therefore,  the  decomposition  runs  as 
follows  : — 

CSN2H(aH,)(02H5)-C6H5  +  NH3  =  CSIST^Hs-CtH;  +C6H-5-N'H-C2H5. 

Action  of  Ammonia  on  the  Ethylthiocarhimide-Benzylaniline  Com- 
pound.— On  similarly  heating  the  above  ethylthiocarbimide  derivative 
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with  alcoliolic  ammonia,  it  was  scarcely  attacked — a  fact  in  itself 
sug-gestive  of  isomerism.  Heating"  for  four  hours  at  105 — 110° 
also  failed  to  induce  any  material  decomposition ;  this  was  effected, 
however,  by  heating  for  about  an  hour  at  125"  ;  at  the  end  of  this  time 
the  temperature  was  further  pushed  for  a  few  minutes  to  140°.  The 
product  was  a  brownish  liquid,  from  which,  on  standing,  no  solid 
matter  separated.  Excess  of  water  was  then  added,  whereupon  a 
brown  oil  was  precipitated,  and  this,  after  standing  for  some  hours, 
solidified.  The  solid  product,  when  heated  alongside  another  tube 
containing  pure  benzylaniline,  ard  attached  to  the  same  thermometer, 
melted  at  the  same  temperature  as  the  latter,  viz.,  38°.*  The  aqueous 
liquid  from  which  the  oil  had  been  separated  was  concentrated  by 
evaporation,  the  brownish  solid  thus  obtained"  drained  off,  redissolved 
in  water,  treated  with  animal  charcoal,  and  the  filtrate  allowed  to 
crystallise  slowly.  Tufts  of  almost  colourless  needles  were  thus  ob- 
tained, freely  soluble  in  water  and  alcohol,  moderately  readily 
desulphurised  by  alkaline  lead  solution,  and  melting  at  110 — 112°. 
An  analysis  was  considered  unnecessary,  as  the  substance  was  evi- 
dently ethylthiourea  (m.  p.  113°).  In  this  case,  therefore,  the  action 
of  alcoholic  ammonia  leads  to  a  decomposition  different  from  that 
previously  described,  thus  : — 

CSXaHCCaHsXCeHO-CvH,  +  NH3  =  CSI^^Ha'C^Hs  + 

CeHs-NH-CHv, 

and  the  isomerism  of  this  with  the  preceding  compound  is  hence 
clearly  established. 

It  remained  now  to  be  learned,  from  further  experiments,  whether 
the  third  possible  isomeric  form  of  ethyl phenylbenzylthiourea  would 
be  produced  under  the  conditions  which  might  be  expected  to  lead  to 
its  formation. 

Phenylthiocarhimide  and  Ethylbenzylamine. 

Ethylbenzylamine,  prepared  according  to  Kraft's  method  (Ber.,  23, 
2781),  by  the  action  of  benzyl  chloride  on  ethylamine,  was  mixed,  in 
ethereal  solution,  with  phenylthiocarhimide,  and  the  mixture  set 
aside.  After  a  month,  crystals  began  to  appear,  and  rapidly  formed, 
until  at  last  the  whole  became  solid.  The  product  was  broken  up, 
drained  on  the  filter-pump,  washed  with  spirit,  and  the  now  colour- 
less residue  dissolved  in  boiling  alcohol  ;  from  this,  it  separated,  on 
cooling,  in  tufts  of  vitreous  prisms,  which,  when  seen  in  mass,  were 
snow-white. 

*  The  melting  point  ordinarily  given  for  this  compound,  32°,  is  too  low. 
VOL.  LXI.  2   Q 
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A  portion  was  dried  over  sulphuric  acid,  and  the  sulphur  esti- 
mated. 

0*2115  gram  of  substance  gave  0*1832  gram  BaS04. 

Calculated  for 
CSN2H(C6H5)(C2H5)-C7H7.  Experiment. 

S 11-86  per  cent.  11*90  per  cent. 

Phenylethylbenzylthiourea  is  very  sparingly  soluble  in  boiling 
water,  insoluble  in  cold.  It  is  apparently  indefinitely  soluble  in 
boiling  alcohol,  though  only  moderately  so  in  cold  ;  very  freely  in 
benzene,  chloroform,  and  carbon  bisulphide;  moderately  in  ether. 
Its  melting  point  lies  between  94^"  and  95°. 

On  the  addition  of  silver  nitrate  to  the  alcoholic  solution,  no  change 
appears  to  occur  for  a  few  seconds ;  then  the  mixture  suddenly 
blackens.  Ammoniacal  silver  nitrate  throws  down  a  white,  curdy  pre- 
cipitate, which  is  stable  in  the  cold.  On  warming  carefully,  the  pre- 
cipitate disappears,  yielding  a  clear,  colourless  solution ;  the  latter, 
when  heated  to  near  its  boiling  point,  decomposes  with  separation  of 
silver  sulphide.  The  substance  is  also  gradually  desulphurised  by 
continued  boiling  with  alkaline  solution  of  lead. 

This  compound  is  isomeric  with  the  two  preceding,  and  the  sug- 
gestion of  group  mobility  in  these  cases  is  therefore  distinctly  nega- 
tived ;  for  convenience  of  coniparison,  a  short  table  is  appended, 
showing  the  chief  points  of  difference  : — 


EtNCS  +  BzNHPh. 

BzNCS  +  EtNHPh. 

PhNCS -h  EtNHBz. 

Melting  point  .... 

90  -5—91°. 

90-91°. 

94—95°. 

Silver  nitrate 

Mixture  slowly  be- 
comes yellow,  and 
then  reddish,  and 
lastly  black 

Mixture  slowly  be- 
comes grey,  pass- 
ing   gradually   to 
black 

Mixture  colourlet^s 
for  a  few  seconds, 
then  suddenly 
blackens. 

Ammoniacal  silver 
nitrate 

White,    curdy  pp., 
blackened  at  once 
on  heatmg 

White,   curdy    pp. 
Mixture       partly 
clears  on  heating, 
and  becomes  yel- 
low ;  then  rapidly 
blackens 

White,  curdy  pp., 
dissolving  on  beat- 
ing to  colourless 
solution.  Latter 
blackens  only  when 
heated  to  near  its 
boiling  point. 

Alk.  lead  solution  . 

Not  desulphurised 

Not  desulphurised 

Slowly  desulphur- 
ised. 

Action  of  ammonia 

Yields  C7H-NHPh 
+  CSNgHaEt 

Yields  EtNHPh  -i- 
CSNsHa-C^H; 

— 
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With  respect  to  tlie  structure  of  these  tri-substitated  thioureas,  it 
appears  highly  probable  that  they  are  un symmetrical.  For,  in  the 
first  place,  the  fact  that  the  thiocarbimides  unite  readily  with 
secondaiy  amines,  but  not  with  the  tertiary,  seems  to  point  to  a 
special  function  for  the  fourth  hydrogen  atom  in  the  higher  deriva- 
tives, which  is  somewhat  difficult  to  reconcile  with  their  symmetrical 
constitution.  And,  secondly,  it  has  recently  been  shown  by  Bertram 
{Ber.,  25,  57)  that  the  basic  substance  produced  by  the  addition  of 
alkali  to  the  compound  of  methyl  iodide  with  methyl  diphenylthio- 
urea  (from  phenylthiocarbimide  and  methylaniline)  yields,  on 
treatment  with  carbon  bisulphide,  the  methyl  salt  of  methylphenyl- 
dithiocarbamic  acid,  a  substance  which  results  equally  from  the  action 
of  carbon  bisulphide  on  the  compound  CH3'N:C<g.^^3)-C6H5^  ^^_ 

tained  by  successive  methylations  of  phenylthiourea.     These  inter- 
actions are  thus  explained  : — 

I.  CS,  +  C6Ha-N:C<g/J^^)*^^^^  =  CeH-KCS  + 

cs<TO-CeH,; 

II.  CS,  +  CFT3-N:C<g5J^')'^^^'  =  CHs-NCS  -f 

As  the  sulphur  atom  is  known  to  be  linked  to  the  alkyl  radicle 
introduced  by  the  action  of  an  alkylogen  on  the  thioureas  (for  a 
mercaptide  is  produced  on  desulphurisation  of  the  product  by  certain 
metals),  whilst  in  the  isomeric  forms  produced  by  the  interaction  of 
amines  with  thiocarbimides  it  is  not  so  linked,  the  inference  is 
strong  that  the  methyldiphenylthiourea  above  mentioned  is  of  the 
form 

which,  uniting  with  methyl  iodide,  exchanges  its  SH  hydrogen  for 
the  methyl  group  to  yield  the  compound  formulated  in  equation  I. 

The  interactions  leading  to  the  formation  of  the  isomeric  ethyl- 
phenylbenzylthioureas  may,  therefore,  be  expressed  as  follows : — 

I.  CHs-NCS  +  C6H5-NH-CH/C6H5  = 

II.  CeH.-CH/NCS  +  C^Hs-NH-CeHs  = 

2  Q  2 
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III.  CeHj-NCS  +  CeH.-CH^-NH-aHs  =: 

CflH,-i^:c  <^^'^'^  'Cn.'CR,*  ^ 

Tt  may  here  be  mentioned  that  Bertram  obtained,  by  twice 
methylating  phenylthiourea,  a  compound  to   which   he   assigns  the 

formula  HN:C<g/(?j^'^'^'^'.     The  latter  is  a  faintly  yellow,  basic 

oil,  and  is  hence  isomeric  with  Gebhardt's  methylmethyl phenylthio- 
urea (m.  p.  114°) and  the  phenyldimethylthiourea  (ra.  p.  1.35"),  which 
I  have  described  above.  The  formation  of  these  substances  may  be 
thus  represented: — 

I.  CHs-NCS  +  CHs-N-H-CeHs  =  CH3-N:C<g^^^^)*^^^S  and 
n.  CeHs-NCS  +(CH3),NH       =  C6H5-N:C<g^^^^)\ 

Experiments  were  also  conducted  with  a  view  to  investigate  the 
inethylethylphenyl  series,  but,  owing  to  the  failure,  after  repeated 
trial,  to  obtain  from  ethylthiocarbimide  and  methylaniline  a  solid 
product,  they  were  nhan'^oned.  Gebhardt's  methylethylphenyl  com- 
pound (Ber.,  17,  3037)  was,  however,  incidentally  produced: — 

and  to  his  description  the  following  mny  be  added  : — ■ 

The  substance  is  insoluble  in  water,  and  crystallises  slowly  from 
alcohol  (in  which,  as  he  notes,  it  is  extremely  soluble)  in  very  large, 
vitreous  rhombohedra ;  these,  after  recrystallisation,  were  obtained 
quite  colourless,  and  melted  at  67 — 68".  On  the  addition  of  silver 
nitrate  to  the  alcoholic  solution,  the  mixture  blackens  instantly,  and 
if  it  be  then  heated,  a  mirror  forms  ;  with  the  ammoniacal  nitrate, 
a  yellow  coloration  is  produced,  slowly  changing,  first  to  crimson-red, 
and  passing  on  then,  through  deep  red,  to  black.  But  the  solution 
is  not  desulphurised,  even  by  prolonged  boiling  with  moderately  dilute 
alkaline  lead  tartrate. 

Chemical  Laboratory, 

Queen  s  College,  Cork. 

*  Bj  the  successive  introduction  of  one  of  the  three  radicles  into  the  SH  group, 
no  lc:S  than  six  additional  isomers  are  possible. 
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L. — Action  of  Bromine  on  Allylthiocarhimide. 

By  Augustus  E.  Dixon,  M.D.,  Professor  of  Chemistry,  Queen's 
College,  Cork. 

Chemical  literature  contains  but  few  references  to  the  action  of 
bromine  on  thiocarbimides  :  no  investigation  as  to  its  action  on  the 
parafUnoid  thiocarbimides  appears  to  have  been  recorded ;  whilst  in 
the  aromatic  class  the  phenyl  and  paratolyl  compounds  alone  have 
been  examined,  and  even  with  regard  to  phenylthiocarbimide, 
different  observers  are  not  agreed.  According  to  Proskauer  and  Sell 
(Ber.,  9,  1262),  these  substances  interact  to  form  a  deep,  orange-red, 
solid  dibromide,  according  to  the  equation  : — 

C6H5-NC-SBr 
SCeHs-NCS  +  2Br  =  >«     +  C6H5-NC. 

CeHs-NC-SBr 

Helmers  (Ber.,  20,  788),  though  following  their  directions,  failed 
to  corroborate  this  statement,  the  product  obtained  by  him  being  a 
solid  dibromo-addition  compound,  C6H5'NCS,Br2,  which,  on  exposure 
to  air,  loses  bromine,  yielding  CeHs'NCSjBr  or  (C6H6'NCS)2,Bro. 
From  paratolylthiocarbimide,  a  corresponding  unstable  derivative, 
C7H7*NCS,Br2,  was  obtained. 

Concerning  its  action  upon  allylthiocarhimide,  the  only  fact  which 
seems  to  have  been  recorded  is  that  by  Aschoff  (J.pr.  Chem.,  4,  314), 
to  the  effect  that  on  the  addition  of  bromine,  frothing  and  evolution 
of  heat  occur,  a  brown  resin  being  produced,  nearly  insoluble  in 
water  ;  the  solution  contains  sulphuric  and  hydrobromic  acids.  In 
Proskauer  and  Sell's  paper  Qoc.  cit.)  it  is  mentioned  that  by  com- 
bining bromine  with  ethyl-  and  allyl-thiocarbimides  respectively, 
substances  are  produced  similar  to  that  mentioned  above,  but  no 
experimental  evidence  in  support  of  this  statement  is  adduced,  nor  in 
fact  are  any  data  whatever  given. 

Considering,  however,  the  readiness  with  which  bromine  attaches 
itself  to  the  allyl  group,  it  seemed  probable  that  it  would  unite  with 
oil  of  mustard  to  form  a  dibromopropylthiocarbimide,  thus  : — 

CHaiCH-CH^-NCS  -f-  2Br  =  CH^BrCHBr-CH^-NCS. 

An  experimental  investigation  was  therefore  undertaken  in  order 
to  test  the  correctness,  or  otherwise,  of  this  view ;  the  results  are 
stated  below. 

In  the  earlier  experiments,  dry  air  was  caused  to  bubble  through 
a  wash-bottle   containing   bromine,  the  escaping  vapours  being  led 
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thence  into  a  chloroform  solution  of  allylthiocarbimide,  kept  cold  by 
means  of  a  freezing  mixture.  Subsequent  experiment,  however, 
showed  that  the  desired  combination  can  be  equally  well  effected  by 
bringing  solutions  of  the  constituents  together  :  the  following  method 
of  operating  was  found  to  give  the  best  result. 

Allylthiocarbimide  was  dissolved  in  about  six  times  its  own  volume 
of  chloroform,  the  containing  vessel  surrounded  by  a  freezing  mixture 
(hydrochloric  acid  and  sodium  sulphate),  and  a  molecular  proportion 
of  bromine,  also  well  diluted  with  chloroform,  and  similarly  cooled, 
allowed  to  pass  in  drop  by  drop  from  a  tap-funnel.  The  bromine 
must  be  added  very  gradually,  and  with  constant  agitation  of  the 
thiocarbimide  solution,  or  else  the  mixture  soon  becomes  turbid  from 
separation  of  a  pasty  substance ;  even  when  operating  in  the  manner 
described,  a  small  quantity  of  reddish,  tenacious,  unstable  oil  was 
produced. 

As  soon  as  the  bromine  came  in  contact  with  the  mustard  oil,  a 
yellowish-red  coloration  appeared,  which  did  not  sensibly  deepen  as 
the  addition  was  continued.  The  bromine  was  immediately  and 
completely  absorbed,  and  when  the  process  was  at  an  end,  the  mix- 
ture possessed  scarcely  any  odour  save  that  of  the  chloroform  used  as 
solvent.  The  solution  was  now  decanted  from  a  little  oily  matter, 
and  most  of  the  chloroform  distilled  off  on  the  water-bath.  A  little 
fuming  was  noticeable  during  this  process,  and  the  distillate  contained 
a  small  quantity  of  liydrobromic  acid. 

The  residue,  a  bright-yellow  oil,  was  steam-distilled  ;  first  some 
chloroform  was  rapidly  driven  off,  then  a  few  drops  of  liquid  posses- 
sing a  sharp,  pungent  odour,  and  consisting  substantially  of  un- 
changed allylthiocarbimide,  after  which  a  heavy,  strongly  refractive 
oil  came  slowly  over,  leaving  a  trifling  quantity  of  dull-brown  semi- 
solid residue  in  the  distilling  flask.  The  aqueous  contents  of  the  latter 
gave  a  faint  reaction  for  sulphuric  acid. 

The  oily  product  was  extracted  with  pure  ether,  the  latter  quickly 
distilled  off  on  the  water-bath,  and  the  residue  freed  from  water  by 
standing  in  contact  with  calcium  chloride.  Qualitative  examination 
showed  that  it  contained  nitrogen,  bromine,  and  sulphur.  A  portion 
was  heated  for  a  short  time*  at  100°,  allowed  to  cool  in  a  vacuum, 
and  analysed. 

0-2310  gram  of  substance  gave  11  "6  c.c.  moist  nitrogen,  measured 

at  16*5°  and  750-5  mm. 
0'8137  gram  of  substance  oxidised  by  somewhat  diluted  nitric  acid, 

in  presence  of  AgNOs,  gave  1'1638  gram  AgBr. 

*  Over-long  heating  must  be  avoided,  for  the  dry  substance  soon  begins  to 
decompose,  giving  off  fumes  of  hydrogen  bromide. 
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The  filtrate  from  above  yielded  0*706  gram  BaSOi. 

0"9514  gram  of  substance  yielded  08298  gram  BaSO^. 

These  results  indicate   a  dibromo-addition    product   of   allylthio- 
carbimide : — 

Calculated  for 

CgHsBraNCS.  Experiment. 

N 5*42  per  cent.  5*76  per  cent. 

Br 61-71         „  60-86 

S 12-37         „  11-98,.    11-99  per  cent. 


The  yield,  measured  only  in  a  single  case,  amounted  to  70  per  cent, 
of  the  theoretical. 

When  freshly  distilled,  the  oil  is  almost  colourless,  but  on  drying, 
becomes  yellowish,  and  on  heating  to  expel  the  last  traces  of  dis- 
solved ether,  the  colour  deepens  to  a  golden  yellow.  It  has  a  faint, 
thiocarbimidic  odour,  which,  on  warming,  becomes  pungent  and 
irritating  ;  the  alcoholic  solution  has  a  burning  taste.  At  17°/17°,  the 
sp.  gr.  was  found  to  be  1-9712. 

The  substance  is  practically  insoluble  in  water,  easily  soluble  in 
stronor  alcohol,  but  the  amount  taken  up  rapidly  diminishes  if  a  more 
hydrous  alcohol  be  employed  ;  it  is  freely  miscible  with  ether,  chloro- 
form, and  benzene. 

When  treated  with  a  few  drops  of  neutral  or  ammoniacal  silver 
nitrate,  no  precipitate  forms  :  but  the  mixture  blackens  slowly  in  the 
cold  or  at  once  on  warming.  Alkaline  solution  of  lead  or  freshly 
precipitated  mercuric  hydroxide  desulphurises  it  readily  on  gentle 
heating. 

In  the  cold,  the  substance  is  quite  stable,  a  specimen  kept  for 
nearly  a  year  showing  no  sign  of  alteration  ;  in  this  respect,  there- 
fore, it  presents  a  marked  contrast  to  the  unstable  compounds  ob- 
tained by  the  combination  of  bromine  with  phenyl-  and  paratolyl- 
thiocarbimides.  Its  properties,  in  fact,  point  clearly  to  its  being  a 
thiocarbimide  (dibromopropylthiocarbirnide),  and  any  possible  doubt 
with  regard  to  this  is  removed  by  a  study  of  its  action  on  aniline 
{vide  infra). 

On  distillation  (at  atmospheric  pressure)  the  oil  darkens,  effervesces, 
and  is  completely  decomposed  :  hydrogen  bromide  and  sulphuretted 
hydrogen  are  evolved,  a  smell  resembling  that  of  diallyl  sulphide  is 
produced,  a  trace  of  white,  pasty  solid  adheres  to  the  wall  of  the 
condensing  tube,  and  a  carbonaceoas  residue  is  left  in  the  distilling 
flask. 

If  bromine  be  directly  added  to  allyltliiocarbimide  rather  violent 
action  occurs  ;  the  bromine  is  at  once  decolorised,  and  the  product 
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separates  into  two  layers.  The  upper  is  colourless,  and  when  poured 
into  water,  yields  a  milky  emulsion,  the  clear  filtrate  from  which  con- 
tains much  sulphuric  and  hydrobromic  acids.  The  lower  is  reddish- 
yellow,  and  consists  of  the  above-described  brominated  thiocarbimide 
in  an  impure  condition. 

Action  of  Nascent  Hydrogen. — When  treated  with  tin  and  hydro- 
chloric acid  the  oil  slowly  dissolved ;  the  escaping  gas  smelt  faintly 
of  sulphuretted  hydrogen,  and  blackeaed  '*  lead  paper."  When  the 
action  was  complete,  excess  of  potash  was  added,  and  the  mixture 
distilled.  A  strongly  alkaline,  unpleasantly  smelling  liquid  came 
over,  which,  on  the  addition  of  hydrochloric  and  platinic  chloride, 
gave  a  yellow  precipitate.  The  substance  was  presumably  propyl- 
amine, but  owing  to  want  of  material  it  was  not  examined  in  detail. 

Action  of  Ammonia. — This  could,  theoretically,  give  rise  to  the  for- 

mation  of   a    dibromopropylthiourea,    CH2Br•CHBr•CH2•N!C<^^TT^ 

Paal  and  Heupel  {Ber.,  24,  3039),  however,  found  that  by  the  action 
of  dibromopropylamine  hydrobromide  on  potassium  thiocyanate,  "a 
thick,  colourless  syrup  was  produced,  from  which  nothing  crystallis- 
able  could  be  obtained."  On  similarly  attempting  to  combine  dibromo- 
propylthiocarbimide  with  alcoholic  ammonia,  ammonium  bromide 
was  formed  together  with  a  smeary,  tenacious,  basic  syrup,  which 
could  not  be  obtained  sufficiently  pure  for  analysis.  Better  success 
attended  the  use  of  aniline. 

Action  of  Aniline. — This  substance  was  caused  to  act  on  the  thio- 
carbimide with  the  view,  if  possible,  of   obtaining  dibromopropyl- 

X.       ^^x.^  ^o^NH-CH^-CHBr-CH^Br        t+    k       i.  x. 

phenylthiourea,  ^•^v.jvjR'C  H  *  ^^        ®°    shown, 

however,  by  Gabriel  and  others  (see  Gabriel,  J5er.,  22,  1140;  Prager, 
ihid.,  22,  2992;  Hirsch,  ihid.,  23,  964;  Avenarius,  ^6^(^.,  24,  260); 
that  certain  mono-  and  di-substituted  thioureas  containing  mono- 
brominated  paraffin  radicles  very  readily  undergo  change  into  basic 
substances  by  loss  of  the  elements  of  hydrogen  bromide ;  and  for  this 
reason  it  seemed  somewhat  improbable  that  the  substance  formulated 
above  would  be  obtained  as  such.  The  mechanism  in  the  case  of 
mono- substitution  derivatives  is  explained  as  follows  : — When,  for 
example,  ^-bromopropylamine  is  combined  with  potassium  thiocyanate, 
the  resultant  is  probably  a  brominated  thiourea,  CSNgHa'CaHeBr, 
which,  losing  hydrogen  bromide,  yields  the  ring  compound 

CHa-CH ^^p-i^TT 
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a  substance  which  can  also  be  prepared  from  allyl thiourea  itself  by 
heating  it  with  hydrobromic  (or  hydrochloric)  acid  : — 

I.   CSN2H3-CH2-CH:CH2  +  HBr  =  CSN^Ha-CHrCHBr-Cffa. 
II.  CSN-^Ha-CHo/CHBr-CHa  =  HBr  -f  ^^'*^h'^"|>C:NH. 

It  is  admitted  that  though  the  above  formula  appears  the  most 

pTT    .P  fT    .    Q 

probable,  the  structure  may  possibly  be         ^  A  □-  t^t^^'-^-^^  ;  and  in 

the  case  of  substitution  products  the  latter  has  been  established  by 
Prager  (loc.  cit.)  for  aromatic,  and  by  Avenarius  {loc.  cit.)  for  alky  I 
derivatives.      Thus    from   allylphenylthiourea    "  w-phenylpropylene- 

PTT  "PIT  •  S 
V^-thiourea  "  was  obtained,        "^  i         ^C'NH-CsHs. 

OJbia'JN 

By  the  combination,  therefore,  of  dibromopropylthiocarbimide  with 
aniline,  it  might  be  expected  that  dibromopropylphenylthiourea  would 
only  occur  as  an  intermediate  product  from  which,  by  loss  of  hydrogen 
bromide,  a  brominated  derivative  of  ri-phenylpropylene-i^-thiourea 
should  result : — 

CH^Br 

^JJ^^^|>C-NH.CeH5  =  HBr  +  CHBr<CH2'S>c.NH.CeH5, 

or  possibly  the  second  bromine  atom  might  also  be  removed.  The 
experiment  was  carried  out  as  follows  : — 

Theoretical  quantities  of  base  and  thiocarbimide  were  dissolved  in 
alcohol,*  and  the  solutions  mixed.  No  perceptible  rise  of  temperature 
occurred ;  the  solution  was  therefore  heated  to  its  boiling  point, 
whereupon  it  became  pink,  and  the  odour  of  its  constituents  was  lost. 
On  evaporating  the  solvent  at  a  gentle  heat,  a  pinkish-red  liquid  was 
obtained,  which  became  syrupy  on  cooling  :  this  was  dissolved  in 
dilute  hydrochloric  acid  (in  which  it  is  very  freely  soluble),  and  the 
solution  treated  with  excess  of  caustic  potash ;  a  heavy,  dark-brown, 
sticky  oil  mixed  with  a  little  solid  matter  precipitated  at  once.  The 
oil  was  drawn  off,  and  after  some  days  began  to  solidify ;  when  solid, 
the  mass  was  broken  up  and  twice  recrystallised  from  alcohol.  The 
substance  was  thus  obtained  in  tufts  of  pure  white  crystals  melting 
between  103°  and  104°  (uncorr.).  Analysis  gave  the  following 
data  : — 

*  If  the  constituents  be  directly  mixed,  violent  action  occurs,  and  the  product  is 
a  deep-red,  tenacious  mass. 
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0"3143  gram  of  siibsfcance  gave  02213  gram  AgBr  and  0*2795  gram 

BaSOi. 
0"1203  gram  of  substance  gave  10'8  c.c.  moist  nitrogen,  measured 

at  18°  and  762-5  mm. 
These  results  are  in  accordance  with  the  formula  CioHnBrNzS  : — 

Calculated,  Experiment. 

N 10'32  per  cent.  10*40  per  cent. 

Br 29-38         „  29-96 

S 11-78         „  12-22 

and  the  formation  of  the  compound  may  be  thus  represented  : — 

CHaBr-CHBr-CH^-NCS  +  CeHs-NH^  = 

po/NH-CHa-CHBr-CH^Br 

Dibromopropylphenjlthiourea  is,  however,  not  obtained  as  such 
nnder  the  above  conditions  :  a  molecule  of  hydrogen  bromide  splits 
off,  leaving  doHuBrNsS. 

Since  the  bromine  atom  in  the  7-position  is  more  easily  removable 
than  that  in  the  yS-position  (see  Paal,  Ber.,  24,  4253),  it  may  be  as- 
sumed, at  least  provisionally,  that  the  former  is  eliminated  (see  also 
Andreasch,  Monatsh.,   5,    33),  and   the    structure   of    the    compound 

represented  thus  : — CHBr<^pTT^,  ^^C'l^H'CeHs,  that  is,  a  bromin- 

ated  phenyl   derivative  of  Gabriel   and  Lauers  {Ber.,   23,  94),  "tri- 
metliylene-Y^-thiourea." 

It  may  here  be  noted  that  tlie  above  behaviour  of  a  halogen  deriva- 
tive of  a  thiocarbimide  under  the  influence  of  bases  is  not  exceptional. 
V.  Hofmann  obtained  (Ber.,  12,  1130)  by  the  action  of  aniline  on 
chlorphenylthiocarbimide  a  halogen-free  substance,  ''' Anilidosenfol," 
which,  on  further  examination  {ibid.,   13,  20),  proved  to  be  a  com- 

N 
pound  of  the  form   CeHi^^^C'NH'CeHg ;    this  case   is  a   parallel, 

in  the  aromatic  class,  to  the  one  described. 

w-Phenylbromotrimethylene-Y'-tbiourea  is  insoluble  in  water,  freely 
soluble  in  hot  alcohol,  moderately  in  cold.  Its  alcoholic  solution,  on 
the  addition  of  ammoniacal  silver  nitrate,  yields  no  precipitate; 
neither  is  it  desulphurised  by  ordinary  treatment  with  alkaline  lead 
solution :  the  latter  mixture  blackens  only  when  boiled  down  almost 
to  dryness. 

Chemical  Laboratory, 

Queen's  College,  Cork. 
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LI. — 'Estimation  of  Slag  in  Wrought  Iron. 

Bj  A.  E.  Baerows,  Student  in  the  Metallurgical  Laboratory,  Mason 
College,  and  Thomas  Turner. 

In  recent  communications  on  the  manufacture  of  wrought  iron  (Journ. 
Iron  and  Steel  Inst.,  1891,  and  Proceedings  S.  Staff.  Inst.  Iron  and 
Steel  Works  Managers,  1892),  one  of  us  has  drawn  attention  to 
the  fact,  long  known  by  practical  men,  that  pig  iron  comparatively 
rich  in  elements  such  as  carbon,  silicon,  and  phosphorus  yields  a 
greater  weight  of  puddled  iron  than  is  obtained  when  pig  iron  of 
greater  chemical  purity  is  employed.  This  increased  yield  is  due  to 
the  reducing  action  of  the  nonmetallic  elements  on  the  oxidising 
fettling  and  slag  of  the  furnace.  But  it  is  also  noticed  that  puddled 
iron  made  from  impure  pigs  loses  more  in  weight  when  reheated  and 
rolled  into  merchant  iron  than  is  the  case  with  puddled  iron  made 
from  pure  materials.  It  has,  therefore,  been  suggested  that  part,  if 
not  the  whole,  of  the  increase  of  weight  noticed  in  the  first  instance  is 
due  to  the  presence  of  an  excess  of  intermingled  slag  in  the  case  of 
iron  made  from  impure  or  "  common "  pigs.  The  object  of  the 
present  enquiry  was  to  determine,  if  possible,  the  condition  in  which 
the  impurities  exist  in  the  case  of  the  respective  varieties  of  wrought 
iron. 

For  the  purpose  of  this  enquiry,  four  special  preparations  of 
wrought  iron  were  made  at  the  Bloomfield  Iron  Works,  Staffordshire, 
with  which  one  of  us  is  connected.  The  samples  were  prepared  in 
the  ordinary  course  of  business  in  order  to  as  nearly  as  possible 
represent  what  actually  occurs  in  practice  ;  but  a  mixture  of  cast  iron 
of  known  composition  was  employed,  and  the  ordinary  process  of 
rolling  was  modified  so  as  to  avoid  the  admixture  of  other  iron. 

In  the  first  case,  the  furnace  was  fettled  as  usual  for  "  best "  iron, 
and  a  charge  of  Staffordshire  "  all  mine  "  pig  iron  of  the  usual  weight 
(4  cwt.  1  qr.  18  lbs.)  was  puddled  by  an  experienced  workman  in  the 
ordinary  manner.  The  product,  afterwards  referred  to  as  "  best 
puddled  bar,"  was  cut  up,  reheated,  and  rolled  into  medium  thick 
sheet,  without  the  addition  of  any  scrap  iron  in  the  pile.  This  gave 
the  sample  of  "  best  sheet  iron  "  for  subsequent  examination. 

For  the  "  common  "  iron,  a  special  mixture  of  Staffordshire  "  part 
mine"  and  Northamptonshire  pig  iron  was  employed,  the  usual 
fettling  for  this  class  of  iron  was  used,  and  the  products  were 
"  common  puddled  bar  "  and  (after  reheating  and  rolling  as  before 
without  adding  scrap)  "  common  sheet  iron." 
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The  charge  for  "  best "  iron  woald  contain  not  more  than  O'b  per 
cent,  of  phosphorus  and  1-5  per  cent,  of  silicon,  whilst  for  "  common  '' 
iron  the  phosphorus  would  amount  to  1*75  per  cent.,  and  the  silicon 
to  about  2-5  per  cent.  The  average  yield  of  the  best  iron,  as  de- 
duced from  regular  weighings  at  the  works,  was  4  cwt.  0  qr.  17  lbs., 
while  the  yield  of  common  iron  was  4  cwt.  1  qr.  17  lbs.,  showing 
a  difference  of  28  lbs.  or  5*7  per  cent,  in  favonr  of  the  common 
iron.  The  loss  in  reheating  the  two  varieties  of  puddled  bar  and 
rolling  down  into  sheets,  as  deduced  from  rolling  of  rough  sheets 
over  a  lengthened  period,  was  between  1  and  1-5  per  cent,  in  favour  of 
the  best  iron  ;  the  net  result  being  about  4'5  per  cent,  in  favour  of 
the  common  iron,  as  obtained  from  weighings  at  the  works.  These 
results  do  not  support  the  view  that  iron  made  from  impure  pigs 
retains  any  considerable  quantity  of  slag  over  and  above  that  retained 
by  metal  made  from  pure  materials. 

The  samples  were  examined  as  to  their  content  of  carbon,  silicon, 
and  phosphorus,  which  are  the  important  constituents  for  the 
purpose  of  this  enquiry.  The  average  of  a  number  of  closely  con- 
cordant experiments  was  as  follows  : — 


Best. 

Common. 

Puddled  bar. 

Sheet. 

Puddled  bar. 

Sheet. 

0-06 

0-228 

0-178 

0-035 
0-168 
0-175 

0-045 
0-275 
0-589 

0  -032 

Silicon 

Phosphorus 

0-221 
0-390 

From  these  numbers  it  will  be  seen  that  the  common  iron  contained 
slightly  less  carbon,  rather  more  silicon,  and  much  more  phosphorus 
than  the  best.  The  silicon  and  phosphorus  taken  together  amounted  to 
0-406  in  the  best  iron  and  0-864  in  the  common,  or  more  than  doable 
as  much  in  one  case  as  in  the  other,  whilst  the  loss  in  reheating  and 
rolling  was  0063  and  0*253  per  cent,  respectively.  So  far  as  we  are 
aware,  it  is  not  possible  from  the  chemical  analysis  to  calcalate  the 
amount  of  slag  lost  during  reheating.  Thus,  if  the  loss  of  silicon  in 
common  iron,  that  is,  0*054  per  cent.,  be  calculated  into  slag  on  the 
assumption  that  tap  cinder  contains  at  least  one-eighth  of  its  weight 
of  Si02,  the  loss  of  slag  would  be  0*92  per  cent.  ;  whilst  calculating 
from  the  phosphorus  lost,  namely,  0-199  per  cent.,  and  remembering 
that  the  final  cinder  usually  contains  only  about  one-fittieth  of  its 
weight  of  phosphorus,  the  weight  of  slag  lost  would  be  9-95  per  cent. 
The  one  result  is  thus  ten  times  as  great  as  the  other. 
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The  loss  of  silicon  was  practically  identical  in  the  two  samples 
on  reheating-,  being  0'06  per  cent,  with  the  best  iron  and  0'054  in  the 
common.  On  the  other  hand,  the  phosphorus  was  reduced  0*199  per 
cent,  in  the  common  iron,  and  only  0'003  per  cent,  in  the  best.  If 
this  difference  of  phosphorus,  0*196  per  cent.,  be  assumed  to  be 
eliminated  as  phosphate  with  the  formula  Fe3(P04)2,  it  would  corre- 
spond to  an  additional  loss  for  common  iron  of  1*13  per  cent.,  which 
agrees  so  well  with  that  actually  observed  in  practice  as  to  justify 
the  suggestion  that  the  extra  loss  is  due  not  to  the  elimination  of 
a  greater  quantity  of  slag  corresponding  to  tap  cinder,  but  to  the 
separation  of  phosphate  of  iron  approaching  in  composition  to  ferrous 
phosphate. 

In  order  to  settle,  if  possible,  the  exact  nature  of  the  changes 
which  take  place  during  the  conversion  of  puddled  bar  into  finished 
iron,  we  conducted  a  number  of  experiments  on  the  estimation  of 
slag,  and  of  this  more  strictly  chemical  subject  the  rest  of  our  paper 
will  treat.  This  estimation  is  rendered  difficult  by  the  fact  that  the 
slag  usually  consists  of  easily  decomposable  silicates  which  are 
attacked  by  very  dilute  mineral  acids,  and  even,  as  Eggertz  has 
shown,  by  organic  acids.  The  great  difficulty,  therefore,  has  been  to 
obtain  a  solvent  for  the  metal  which  shall  leave  the  slag  unattacked. 

In  1872  Mr.  Snelus  {Journ.  Iron  and  Steel  Institute,  1872,  258), 
after  attempting  a  mechanical  separation  of  slag  from  wrought  iron, 
calculated  the  amount  of  slag  from  the  amount  of  titanium  left  in 
the  finished  iron.  In  this  case  the  original  metal  was  free  from 
titanium,  but  the  fettling  and  slag  contained  a  considerable  proportion. 
An  estimation  was  a.lso  made  by  remelting  puddled  bar  in  a  plum- 
baofo  crucible  in  a  Siemens'  furnace  and  noting-  the  loss  of  weio-ht. 
Such  methods  were,  however,  as  Mr.  Snelus  was  himself  careful  to 
explain,  only  used  for  want  of  a  better  process,  and  could  but  yield 
uncertain  results. 

In  a  previous  paper  (Trans.,  45,  262),  one  of  us  has  given  an  account 
of  some  determinations  of  slag  in  cast  iron  by  means  of  the  chlorine 
process  originally  suggested  by  Wohler.  It  was  natural,  therefore, 
that  we  should,  in  the  first  place,  apply  the  same  convenient  process 
to  wrought  iron,  especially  as  the  method  is  recommended  by  Blair 
in  his  recent  excellent  book,  The  Chemical  Analysis  of  Iron,  p.  71, 
where  a  detailed  description  of  the  analysis  is  given.  A  more  con- 
venient, and  in  some  respects  a  more  accurate,  modification  is  also 
given  by  one  of  us  in  the  paper  above  mentioned. 

We  were,  however,  surprised  to  find,  on  performing  the  analysis, 
that  the  slag  obtained  by  this  method  varied  in  colour  from  bright 
red  to  nearly  white,  according  to  whether  the  volatilisation  of  the  iron 
was  rapidly  or  slowly  performed,  and  we  never,  on  any  occasion, 
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obtained  a  residue  of  the  characteristic  dark-grey  colour  of  the  tap- 
pings obtained  when  the  puddled  ball  is  removed  from  the  furnace  in 
puddling.  The  weight  of  residue  obtained  also  varied  considerably, 
and  it  vv^as  only  by  working  in  precisely  the  same  way,  in  different 
analyses,  that  the  results  bore  any  resemblance  to  each  other.  The 
following  figures  give  the  mean  values  of  the  numbers  we  ultimately 
adopted  : — 


Best. 

Common. 

Bar.    Slag  per  cent 

Sheet.    Slag  per  cent 

1-85 
1-46 

2-27 
1-97 

X/Oss 

0-39 

0-30 

Further  experiments  were  now  undertaken  to  determine  the  caase 
of  the  untrustworthy  character  of  these  results. 

Half  a  gram  of  finely-powdered  slag,  separated  from  the  puddled 
ball  during  manufacture,  and  presumably  the  same  as  that  in  the 
ball  itself,  was  heated  in  a  stream  of  purified  chlorine  just  as  in  per- 
forming an  actual  analysis,  the  object  being  to  ascertain  whether  the 
slag  was  attacked  by  chlorine.  On  raising  the  temperature  to  a  low- 
red  heat,  a  very  marked  action  occurred,  and  ferric  chloride  was  rapidly 
volatilised.  In  a  few  moments  the  reaction  nearly  ceased,  and,  on 
cooling  and  examining  the  tube,  the  sample  was  found  to  have  lost 
considerably  m  weight,  while  the  residue  was  red  or  purple  in  colour, 
and  the  whole  of  the  iron  was  converted  into  the  ferric  condition. 
On  replacing  the  boat  in  the  tube,  and  continuing  heating  at  the 
same  temperature,  scarcely  any  action  was  observed ;  but  on  raising 
the  temperature  to  full  redness,  the  whole  of  the  iron  was  gradually 
volatilised,  and  a  nearly  white  residue,  which  was  only  26  per  cent, 
by  weight  of  the  original  slag,  remained.  A  sample  of  powdered 
blast  furnace  slag  from  the  Clarence  Iron  Works,  on  the  other  hand, 
when  heated  in  a  similar  manner,  was  not  attacked  by  chlorine,  and 
even  after  prolonged  heating  it  was  found  that  0'5  gram  of  slag  had 
only  increased  in  weight  to  0*5008  gram.  These  experiments  appa- 
rently showed  that  the  chlorine  process  was  quite  trustworthy  for  the 
determination  of  slag  in  cast  iron,  for  which  purpose  it  had  been  pre- 
viously employed  by  one  of  us,  although  for  some  reason  the  process 
was  unsuited  for  slags  containing  any  considerable  proportion  of 
ferrous  oxide. 

As  it  was  suggested  that  the  action  observed  might  be  due  to 
hydrogen  chloride  present  in  the  chlorine,  the  apparatus  was  at  this 
stage  overhauled  so  as  to  ensure  the  removal  of  all  but  a  minute 
trace  of  hydrogen  chloride,  but  the  result  was  not  at  all  affected  by 
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this  alteration ;  and  the  sharpness,  we  might  almost  say  the  violence, 
of  the  action  precludes  the  suggestion  that  it  is  due  to  the  influence 
of  a  minute  trace  of  impurity.  It  was  also  proved  that  tap  cinder, 
when  heated  in  a  current  of  hydrogen  chloride,  was  not  attacked  ex- 
cept at  a  high  temperature,  and  then  a  beautiful  sublimate  of  ferrous 
chloride,  in  the  form  of  pearly- white  flakes,  was  obtained. 

As  we  were  unprepared  to  find  that  an  oxidised  compound  of  iron 
should  be  attacked  by  chlorine  in  this  manner,  and  as  we  do  not  re- 
member to  have  seen  any  observation  of  a  similar  character,  we 
endeavoured  to  determine  the  nature  of  the  reaction  which  took 
place.  For  this  purpose  a  large  number  of  iron  ores  were  examined, 
including  hydrated  and  anhydrous  peroxides,  magnetites,  and  carb- 
onates. The  ores  consisting  of  ferric  oxide  did  not  exhibit  the  first 
reaction  at  a  low  temperature,  but  with  prolonged  heating  to  a  high 
temperature  in  a  current  of  chlorine,  the  iron  was  very  slowly 
volatilised  as  ferric  chloride.  On  the  other  hand,  all  the  compounds 
containing  iron  in  the  ferrous  condition  gave  a  copious  sublimate  of 
ferric  chloride  when  heated  to  very  low  redness  in  chlorine,  and  the 
residue  in  the  boat  was  completely  converted  into  the  feriic  condition. 
The  residue  contained  no  iron  salts  soluble  in  water.  Afterwards,  with 
higher  temperature  and  longer  heating,  the  other  reaction  was  noticed. 
But  as  some  differences  were  observed  in  the  behaviour  of  the  natural 
materials  from  various  sources,  it  was  thought  advisable  to  study  the 
action  further  with  some  samples  of  tap  cinder,  as  being  more  nearly 
like  the  slag  under  examination. 

Six  samples  of  tap  cinder  of  known  composition  were  selected  for 
examination ;  in  each  case,  half  a  gram  of  the  sample  was  used  in  the 
experiment,  and  the  material  was  heated  in  chlorine  in  a  porcelain 
boat,  at  a  low-red  heat,  until  the  first  sharp  reaction  was  completed. 

The  results  obtained  are  given  in  the  following  table,  and  the 
theoretical  loss  is  calculated  according  to  the  equation — 

3FeO  =  Fe,03  +  Fe, 
the  iron  being  volatilised  as  FeCla  after  combination  with  chlorine. 


Percentage  loss. 

Expt. 

FeO  in  slag. 

Weight 
taken. 

Residue  ob- 
tained. 

Found. 

Theory. 

1 

59-83 

0-5 

0  -4206 

15-88 

15-55 

2 

59-91 

0-5 

0-4217 

15-66 

15-58 

3 

63-96 

0-5 

0 -4168 

16-64 

16-63 

4 

64-86 

0-5 

0 -4191 

16-18 

16  86 

5 

67-46 

0-5 

0 -4093 

18-14 

17-54 

G 

68-46 

0-5 

0"iOo 

19-00 

17-79 
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When  it  is  remembered  that  if  the  temperature  be  undulj  high 
during  the  combustion,  the  second  action,  leading  to  loss  of  ferric 
oxide,  begins  to  be  manifested,  and  also  that  tap  cinder  is  apt  to 
contain  a  little  metallic  iron,  in  spite  of  efforts  to  separate  this 
during  the  preparation  of  the  sample,  we  think  that  the  above  re- 
sults fully  justify  the  equation  given.  It  may,  perhaps,  be  well  to 
point  out  that  the  equation 

4B^eO  =  FesOi  +  Fe 

would  require  a  loss  of  only  11'58  per  cent,  in  sample  1  against 
15*88  per  cent,  observed.  The  residue,  also,  is  not  attracted  by  a 
magnet,  and  is  red  or  purple  in  colour. 

The  equation  just  given  is  similar  to  that  representing  the  action 
observed  by  Deville  (Compt.  rend.,  53,  199),  who  obtained  magnetic 
oxide  by  passing  a  slow  stream  of  hydrogen  chloride  over  ferrous 
oxide  :  in  the  case  of  chlorine,  however,  the  action  is  apparently  of  a 
different  character. 

Sodium  Copper  Chloride  Method. 

As  the  chlorine  process  was  thus  proved  to  yield  results  which  are 
low  and  irregular,  we  conducted  a  number  of  experiments  with  the 
object  of  extracting  the  iron  by  means  of  a  solution  of  sodium  copper 
chloride,  such  as  is  used  for  the  determination  of  carbon  in  iron  and 
steel ;  this  solution  is  prepared  from  copper  sulphate  and  sodium 
chloride  as  p^^eviously  described  by  one  of  us  (Chem.  News,  52,  16). 
The  determination  is  rendered  difficult  by  the  fact  that  the  precipi- 
tated copper  produced  in  the  first  instance  is  only  very  slowly  soluble 
in  the  cold  neutral  solution  ;  but  on  heating  the  liquid,  or  allowing  it  to 
stand,  a  copious,  basic  iron  precipitate  is  obtained,  while  the  addition 
of  even  diluted  acids  causes  partial  decomposition  of  the  slag.  We 
have  tried  the  use  of  neutral  and  acid  citrates  and  tartrates  to  pre- 
vent this  precipitation,  but  with  little  success. 

We  have,  however,  met  with  considerable  success  by  adding  about 
r>0  c.c.  of  the  solution  to  a  gram  of  the  finely-divided  sample,  and 
allowing  it  to  stand,  with  occasional  stirring,  for  about  half  an  hour 
in  the  cold.  By  this  means  a  perfectly  clear  solution  is  obtained,  and 
most  of  the  iron  passes  into  solution.  The  liquid  is  filtered,  and  the 
residue,  after  being  washed  by  decantation,  is  treated  with  repeated 
small  quantities  of  the  cold  solvent,  and  the  precipitated  copper  is 
broken  up  and  continually  stirred  with  a  glass  rod  until,  ultimately, 
all  is  dissolved.  The  liquid  is  then  filtered  and  the  precipitate 
washed  on  to  a  small,  ashless  filter  paper,  dried,  ignited,  and  Weighed. 
The  first  filter  paper  we  have  always  found  retains  too  much  copper 
and  iron  salts  in  the  tissue  to  allow  of  its  being  used  in  the  ordinary 
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way,  and  any  acid  used  for  washing  the  paper  would  decompose  the 
slag.  The  residue  readily  washes  off,  and  is  obtained  in  the  form  of 
small,  black,  or  nearly  black,  particles,  with  all  the  appearance  of 
slag. 

The  result  of  our  examination  of  the  four  samples  prepared  for  these 
experiments  is  as  follows  :  — 


Best. 

Common. 

Bar. 

Sheet. 

Bar. 

Sheet. 

3-83 

2-58 

3-85 

2-85 

1  '25  per  fienf-,. 

1  '00  per  o.p.nt. 

We  have  not  yet  had  sufficient  experience  with  the  method  to 
speak  definitely  of  its  accuracy  as  compared  with  Eggertz's  iodine 
method  or  other  processes.  We  have,  however,  subjected  two  samples 
of  tap  cinder  to  the  same  treatment  and  found  them  to  be  apparently 
unattacked  by  the  solvent,  and  to  increase  in  weight  ultimately  by 
5'69  and  5*66  per  cent,  respectively.  This  increase  of  weight  is  due 
to  oxidation  of  the  ferrous  compound  during  the  ignition  of  the  residue. 
The  above  results  are,  therefore,  slightly  too  high,  and  if  the  method 
were  regularly  used,  a  deduction  of  about  5  per  cent,  for  oxidation 
might  be  made,  or  the  determination  carried  out  on  a  weighed  filter. 
We  may  add  that  the  slag  obtained  from  the  samples  of  wrought 
iron  exactly  resembled  the  residue  obtained  from  tap  cinder ;  and 
this,  together  with  the  character  of  the  results  themselves,  leads  us 
to  consider  them  approximately  correct.  It  will  also  be  observed  that 
the  results  of  the  determinations  by  the  chlorine  process,  though  all 
necessarily  low,  as  previously  explained,  are  in  the  same  order  as 
those  obtained  by  the  copper  sodium  chloride  solution. 

The  experiments  appear  to  us  to  prove  that  the  actual  weight  of 
slag  in  best  and  common  iron  is,  for  practical  purposes,  identical,  and 
that  the  difference  in  yield  in  the  puddling  furnace  and  on  reheating 
is  not  due  to  variations  in  the  total  weight  of  slag  in  the  puddled  bar 
or  finished  irons. 

The  amount  of  total  phosphorus  retained  by  the  crude  iron 
appears  to  have  a  more  direct  influence  on  the  loss  in  reheating 
than  the  proportion  of  slag,  and  we  are  inclined  to  believe  that  more 
information  is  obtained  by  the  ordinary  analysis  of  the  samples  than 
by  the  separate  determination  of  the  slag. 
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LII. — Studies  on  Isomeric  Change.     No.  IV.     Halogen  Derivatives  of 
Quinone.     Part  I. 

By  Arthur  R.  Ling. 

The  following  work,  an  account  of  which.  I  have  now  the  honour  of 
presenting  to  the  Chemical  Society,  had  for  its  primary  object  the 
study  of  isomeric  change,  in  extension  of  my  previously-published 
observations  on  this  phenomenon  (Trans.,  1887,  51,  147  and  782 ; 
1889,  55,  583).  During  its  progress,  however,  I  have  had  occasion 
to  examine  all  the  known  chloro-,  bromo-,  and  chlorobromo-deriva- 
tives  of  quinone,  and  I  can,  for  the  most  part,  confirm  the  observations 
of  other  chemists  as  to  their  properties  ;  in  cases  where  this  is  not 
so,  or  in  which  I  have  improved  the  methods  of  preparing  these  deri- 
vatives, I  have  given  my  experiments  in  detail.  Several  new  halogen 
derivatives  of  quinone  will  be  described. 

FaradiddoToguinone. — This  compound  vras  prepared  as  described 
by  Hantzsch  and  Schniter  {Ber.,  20,  2279)  by  treating  quinone  twice 
with  concentrated  (fuming)  hydrochloric  acid,  and  oxidising  after 
each  treatment.  It  may  also  be  prepared  by  the  following  method, 
which,  if  it  does  not  give  quite  as  large  a  yield,  has  the  advantage  of 
being  much  more  rapid  : — Finely-pulverised  quinol  (50  grams)  is 
suspended  in  concentrated  hydrochloric  acid  (250  c.c),  specially  pre- 
pared by  saturating  the  ordinary  concentrated  acid  with  hydrogen 
chloride  at  0°,  and  coarsely-pulverised  potassium  chlorate  (37  grams, 
equivalent  to  2  mols.  of  chlorine)  is  gradually  added.  Experiment 
has  proved  that  the  product  is  the  same,  whether  the  addition  of  the 
chlorate  extends  over  one  hour  or  eight  hours  ;  the  temperature  is 
kept  at  about  80°.  The  product  is  placed  aside  for  about  12  hours, 
at  the  end  of  which  time  it  has  the  appearance  of  a  semi-solid,  pulpy 
mass  of  crystals.  The  liquid  portion  is  then  drained  off  by  means  of 
the  air-pump,  and  the  crystals  washed  with  cold  water  to  remove 
potassium  chloride,  &c. ;  the  paradichloroquinol  which  remains  is  almost 
pure,  and,  after  crystallisation  from  boiling  water,  melts  constantly 
at  172^.  To  obtain  the  quinone,  the  crude,  moist  quinol  is  suspended 
in  dilute  sulphuric  acid,  oxidised  carefully  with  potassium  dichromate, 
the  product  washed  with  water,  dried,  and  finally  washed  with  ether, 
when  almost  pure  paradichloroquinone,  weighing  25 — 30  grams  and 
melting  at  158 — 160°,  remains ;  after  crystallisation  from  alcohol,  it 
melts  at  161°.     Analysis  : — 

0*3039  gram  of  substance  gave  0*4941  gram  AgCl. 
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Calculated. 

C6H2CI2O2.  Found. 

CI 40-11  per  cent.  40*20  per  cent. 

The  aqueous  mother  liquor  and  washings  from  the  crude  quinol 
contain,  besides  potassium  chloride,  monochloroquinol,  which  was 
identified  by  its  melting  point  and  that  of  the  quinone  obtained  by 
oxidising  it,  and  by  analysis.  Other  compounds  are  present,  and  as 
a  considerable  amount  of  this  bye-product  has  been  collected  from 
numerous  experiments,  I  intend  to  make  a  complete  examination  of 
it. 

Metadichloroquinone. — This  compound  is  obtained  in  small  quantity 
by  adding  trichloro phenol  to  nitric  acid  (sp.  gr.  1*5),  cooled  in  a 
freezing  mixture  of  ice  and  salt,  but  the  yield  is  augmented  by  the 
following  modification  : — Trichlorophenol  (25  grams)  is  dissolved  in 
alcohol  (100  c.c),  the  solution  cooled  in  a  freezing  mixture  of  ice 
and  salt,  and  nitric  acid  (sp.  gr.  1*5)  (50  grams),  also  cooled,  gradu- 
ally dropped  in,  the  alcoholic  solution  being  kept  in  agitation 
meanwhile ;  after  about  two  hours,  metadichloroquinone  separates  in 
yellow  needles,  and  when  crystallised  from  alcohol,  weighs  at  most 
10  grams,  and  melts  at  121°.  The  alcoholic  filtrate,  when  carefully 
added  to  water,  yields  a  red,  varnish-like  substance,  which  becomes 
semi- solid  after  a  time,  and  is  free  from  nitrophenol,  but  attempts  to 
isolate  pure  substances  from  it  have  hitherto  been  unsuccessful.  The 
best  method  of  preparing  metadichloroquinone  is  that  devised  by 
Kehrmann  and  Tiesler  (J.  jpr.  Chem.  [2],  40,  480)  by  the  action  of 
chromic  acid  on  trichlorophenol  dissolved  in  glacial  acetic  acid.  The 
product  obtained  by  this  method  is  free  from  resinous  substances,  but 
is  not  exclusively  metadichloroquinone,  as  stated  by  Kehrmann  and 
Tiesler ;  in  the  crude  state  it  consists  of  yellow,  microscopic  needles, 
and  melts  at  115 — 120°.  This  is  suspended  in  water  (10  parts)  at 
70°,  and  after  passing  a  current  of  sulphurous  anhydride  through 
the  mixture  for  10  minutes,  the  solution  is  filtered  from  the  undis- 
solved, black,  nodular  particles  (see  below),  and  the  filtrate  allowed 
to  remain  ;  metadichloroquinol  separates  after  a  while  in  colourless 
needles,  of  melting  point  159 — 160°,  and  a  further  quantity  may  be 
obtained  by  evaporating  the  filtrate.  After  purification,  metadichloro- 
quinol melts  at  164°,  as  stated  by  Kehrmann  and  Tiesler  (loc.  cit.). 
The  above-mentioned  black,  nodular  particles,  when  allowed  to  re- 
main in  contact  with  alcohol,  break  up,  and  the  dark,  superficial 
coating  dissolves,  leaving  a  yellow  substance  which  melts  at 
117 — 120° ;  the  latter,  after  being  crystallised  repeatedly  from  light 
petroleum,  melts  at  about  125°,  and  has  the  form  of  small,  yellow, 
feathery,  felted  needles,  quite  distinct  from  metadichloroquinone ;  it 
is  now  under  investigation. 

2  R  2 
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Diacetylmetadichloroquinone. — This  compound  has  been  described  by 
Levy  (Ber>,  16,  1445),  who  records  the  melting  point  as  66  6° ;  more 
recently,  however,  Kehrmann  and  Tiesler  (loc.  cit.)  give  98°  as  the 
melting  point.  Metadichloroqninol  dissolves  in  acetic  anhydride  with 
the  evolution  of  heat,  but  only  a  small  amount  of  the  diacetyl  deriva- 
tive is  formed.  The  whole  of  the  quinol  is  converted  into  diacetyl 
derivative,  however,  when  it  is  boiled  in  a  reflux  apparatus  with 
acetic  anhydride  for  about  an  hour.  The  product  is  extremely  diffi- 
cult to  purify,  and  even  after  repeatedly  evaporating  with  alcohol,  it 
usually  still  contains  acetic  anhydride.  A  specimen,  after  crystalli- 
sation from  dilute  alcohol,  was  obtained  in  delicate  needles  and  prisms, 
and  melted  at  76".     Analysis  : — 

0*145  gram  of  the  substance  gave  0"1604  gram  AgCI. 

Calculated. 

C10H8CI2O4.  Found. 

CI 26-99  per  cent.  27*45  per  cent. 

I  have  since  prepared  another  specimen  which  behaved  as  follows  : — 
When  the  temperature  was  very  slowly  raised,  it  melted  even  as  high 
as  111 — 113°,  and  resolidified  at  about  66°  (Levy's  temperature)  ; 
whilst,  if  the  temperature  was  quickly  raised,  it  melted  at  85 — 86°. 

Metadichloroquinone  is  also  obtained  in  small  quantity  by  dropping 
diorthochloroparabromophenol  into  cooled  nitric  acid  (see  below).  As 
the  last-mentioned  compound  has  not  as  yet  been  described,  I  will 
here  give  its  method  of  preparation  and  characteristics. 

Biorthochloroparahrumophenol. — Sulphuryl  chloride  (40  grams)  is 
added  to  fused  parabromophenol  (25  grams)  ;  the  product  is  freed 
from  acid,  dissolved  in  sodium  hydroxide  solution,  and  reprecipitated 
with  acid.  After  repeated  crystallisation  from  dilute  alcohol,  it  is 
obtained  in  silky  needles,  melts  at  65°,  and  possesses  a  faint  but 
penetrating  odour.  When  recrystallised  from  light  petroleum,  it 
forms  magnificent,  long,  silky  needles,  and  melts  constantly  at  66*5'*. 
Analysis  : — 

0'3116  gram  of  substance  gave  0*6171  gram  of  mixed  chloride  and 
bromide  of  silver. 

Calculated. 

CgHoClsBr-OH.  Found. 

CI  1 

T3    > 62*39  per  cent.  62*93  per  cent. 

When  the  dichlorobromophenol  is  dissolved  in  glacial  acetic  acid, 
and  the  solution  heated  with  a  slight  excess  of  nitric  acid  (sp.  gr.  1*42), 
it  yields  dichloroparanitrophenol  (m.  p.  125°)  and  orthochlorortho- 
paradinitrophenol  (m.  p.  110 — 111°).  Analyses  of  the  potassium 
salts : — 
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I.  02243  gram  of   substance  lost  0'0156  gram  at  120°,  and  gave 
0-0754  gram  K2SO4. 

Calculated. 

C6H2Cl2(N02)-OK  +  H2O.  Found. 

H2O  ....        6*81  per  cent.  6*95  per  cent. 

K 14-77         „  16-06 

II.  0"2786  gram  of  substance  lost  0'017  gram  at  120°,  and  gave 
0-0916  gram  K2SO4. 

Calculated. 
C6H2C1(N02)2'0K  +  H2O.  Found. 

H2O 6-55  per  cent.  6*10  per  cent. 

k" 14-20         „  14-73 

When  the  dichlorobromophenol  (16  grams)  is  added  to  nitric  acid 
(sp.  gr.  1*5  ;  about  70  grams)  cooled  in  a  freezing  mixture  of  ice  and 
salt,  it  yields  a  small  quantity  of  metadicbloroquinone ;  it  is  purified 
by  crystallisation  from  alcohol,  and  melts  at  121°,  giving  a  quinol 
melting  at  164°.     Analysis  : — 

0-1671  gram  of  substance  gave  0*2684  gram  AgCl. 

Calculated. 

CgHaClaOa.  Found. 

CI 40-11  per  cent.  39-73  per  cent. 

The  above  facts  therefore  establish  the  constitution  of  the  dichloro- 
bromophenol, thus  : — 


O  OH  OH  OH 

hi 


Cl/^,C1  Cir  Nci  C1/^,C1  NOof  Nci 


I    I-    I    I 


and 


\/  \/  \/  \/ 

O  Br  NOo  NOo 

Metadibromoquinone. — This  is  obtained  in  small  quantity,  as  stated 
by  Levy  and  Schultz  (Annalen,  210,  158),  by  adding  ordinary  tri- 
bromophenol  to  cold  nitric  acid  (sp.  gr.  1*5).  When  pure,  it  forms 
golden-yellow  leaflets,  and  melts  at  131°  (compare  Heinichen,  Annalen, 
253,  253).  It  is  obtained  in  good  yield  by  oxidising  dibromopar- 
amidophenol  sulphate  with  a  faintly  acid  solution  of  potassium 
chromate.  The  paramidophenol  sulphate  crystallises  from  dilute 
sulphuric  acid  in  greyish  needles.     Analysis  : — 

I.  0-3557  gram  of  substance  lost  0*0369  gram  at  130°,  and  gave 
0122  gram  BaSOi- 
II.  0-4296  gram  of  substance  gave  0-1443  gram  BaS04. 
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Calculated.  Found. 


— \_ 


~^ 


Ualcuiatea. 
[C6H2Br2(NH2)-OH]2,H2S04 

+  4H2O.  I.  II. 

H2O 10-22  per  cent.  10-37  —    per  cent. 

H2SO4..      13-92        „  14-42         14-16 

Metadibromoquinol  is  obtained  by  reducing  the  quinone  with 
sulphurous  acid ;  it  forms  long,  (almost  ?)  colourless  leaflets,  and 
melts  at  163—164°.     Analysis  :— 

0-4296  gram  of  substance  gave  0-5984  gram  AgBr. 

Calculated. 
C6H2Br2(OH)o.  Found. 

Br 59-70  per  cent.  59*26  per  cent. 

Metadibromoquinol  is  sparingly  soluble  in  cold  water  or  benzene, 
readily  in  the  boiling  liquids,  and  still  more  so  in  alcohol  and  glacial 
acetic  acid  ;  on  oxidation,  the  quinone  melting  at  131°  is  obtained : — 

MetacMorohromoquinone. — This  compound  is  obtained  in  small 
yield  when  orthochlororthoparadibromoplienol  (m.  p.  76°)  ;  Garzino 
(Atti.  Beal.  Accad.  Torino,  25  ;  also  Ber.  25,  Ref.  120),  is  added  to 
nitric  acid  (sp.  gr.  1-5)  cooled  by  ice  and  salt.  It  crystallises  from 
alcohol  in  yellow  needles  resembling  metadichloroquinone,  and  melts  at 
114 — 115°.  Nef  {Amer.  Ghem.  /.,  13,  422)  has  recently  prepared  this 
compound  and  established  its  constitution.  He  states  that  it  melts 
at  113°.  75  grams  of  orthochlorortboparadibromophenol  give  6  grams 
of  pure  metachlorobromoquinone ;  the  remainder  of  the  product 
being  varnish-like  substances,  from  which  chlorobromoparanitro- 
phenol  (m.  p.  137° ;  see  Trans.,  1889,  57)  and  orthochlororthopara- 
dinitrophenol  (m.  p.  110 — 111°)  were  obtained,  and  identified  by 
their  melting  points  as  well  as  by  analyses  of  their  barium  and 
potassium  derivatives. 

Analysis  of  metachlorobromoquinone  : — 

0*2596  gram  of  substance' gave  0-3876  gram  of  mixed  chloride  and 
bromide  of  silver. 


CI 
Br 


Calculated. 
C6H2ClBr02.  Found. 


I    ....      52-14  per  cent.  52*00  per  cent. 


Metachlorohromoquinol  is  prepared  by  reducing  the  quinone  with 
sulphurous  acid ;  it  resembles,  in  form  and  solubility,  the  correspond- 
ing dibromo-derivative,  and  melts  at  154 — 155°.  The  following  result 
was  obtained  on  analysis  : — 

0'3362  gram  of  substance  gave  0-4957  gram  of  mixed  chloride  and 
bromide  of  silver. 


f 
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Calculated. 
C6H2ClBr(OH)o.  Found. 

CI  1 

I    ....      51*67  per  cent.  51*36  per  cent. 

Br  J 

The  last-described  qninol  yields  metachlorobromoqninone,  meltings 
at  114 — 115",  on  oxidation.  JDiacetylmetacJilorohromoquinol  was  not 
obtained  in  the  pure  state,  as  the  same  difficulties  were  encountered 
as  mentioned  above  under  the  corresponding  dichloro-derivative ;  it, 
however,  appears  to  melt  below  100°. 

The  relation  of  Garzino's  cblorodibromophenol  to  metachlorobromo- 
qninone and  to  the  above-mentioned  nitrophenol  derivatives  is  shown 
by  the  following  symbols  : — 

O  OH  OH  OH 

Clj^^Br                ClI^^Br  Cl/'^.Br  C]/^|N02 

* ^  and 


\/  \/  \/  \x 

O  Br  NO2  NO2 


Paradichlorobromoquinone. 

In  a  note  read  before  the  Chemical  Society,  March  6,  1890  (Proc.^ 
1890,  32 j,  I  stated  that  when  paradichloroquinone  is  brominated, 
paradichlorobromoquinone  is  obtained  together  with  an  isomeride, 
and  I  was  led  to  this  conclusion  by  certain  observations  made  by 
Hantzsch  which  I  have  since  proved  to  be  incorrect.  The  product 
which  I  obtained  apparently  contained  a  small  amount  of  chlorodi- 
bromoquinone,  due  to  the  presence  of  monochloroquinone  in  the  crude 
paradichloroquinone  employed  (see  above  under  paradichloroquinone). 
I  separated  pure  paradichlorobromoquinone  from  this  product,  and 
the  remaining  portion  which  1  believed  to  be  an  isomeride  appears  to 
have  been  a  mixture  of  dichlorobromo-  and  chlorodibromo-quinone, 
together  with  a  small  quantity  of  tetra-halogen  derivative ;  this  view 
is  supported  by  the  fact  that  the  bromine  determinations  made  with 
the  supposed  isomeric  dichlorobromoquinone  were  too  high.  The 
presence  of  tetra-halogen  derivative  is  accounted  for  as  follows : — 
When  the  tri-halogen  derivatives  of  quinone  are  repeatedly  recrystal- 
lised  from  alcohol,  they  undergo  partial  decomposition,  the  solution 
becoming  strongly  acid.  When  an  alcoholic  solution  of  either  of  the 
halogen  derivatives  of  quinone  is  evaporated,  the  residue  consists 
almost  entirely  of  resinous  substances.  It  is  thus  probable  that 
halogen  is  split  off,  and  a  certain  amount  of  tetra-halogen  derivative 
produced  every  time  the  tri-halogen  derivatives  are  crystallised  from 
alcohol.  This  tetra-halogen  quinone  is  very  much  more  stable,  and  at 
the  same  time  much  less  soluble  in  alcohol,  than  the  tri-derivatives, 
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and  is  therefore  increased  relatively  in  quantity  each  time   the  tri- 
derivatives  are  recrystallised  from  this  solvent, 

Paradichlorohromoquinone  is  obtained  in  good  yield  when  para- 
dichloroquinone  is  dissolved  in  glacial  acetic  acid,  and  bromine 
(1  mol.  proportion)  dropped  into  the  solution.  When  the  bromina- 
tion  is  complete,  which  is  usually  the  case  after  some  hours, 
the  solution  is  poured  into  water,  the  compound  collected,  washed, 
suspended  in  water  (about  10  parts),  and  a  current  of  sulphurous 
anhydride  passed  through  at  the  ordinary  temperature  ;  it  is  then 
filtered  from  any  unattacked  tetra-halogen  quinone  which  may  be 
present  (compare  Graebe,  Annalen,  263,  16).  The  sulphurous 
anhydride  is  expelled  from  the  filtrate  by  boiling,  and  after  cooling 
and  rendering  acid  with  dilute  sulphuric  acid,  an  excess  of  potassium 
dichromate  solution  is  cautiously  added  with  agitation,  and  the  pre- 
cipitated paradichlorohromoquinone  collected,  washed,  dried,  and 
crystallised  from  alcohol.  It  forms  thin,  lustrous,  yellow  plates, 
resembling  trichloroquinone,  melts  at  160 — 161°,  and  is  readily  soluble 
in  boiling  alcohol,  but  only  sparingly  in  the  cold  ;  readily  soluble  in 
glacial  acetic  acid,  benzene,  and  chloroform,  but  somewhat  sparingly 
in  boiling  light  petroleum.  The  following  results  were  obtained  on 
analysis : — 

I.  0*2329  gram  of  substance  gave  0'4217  gram  of  mixed  chloride 

and  bromide  of  silver. 

II.  0'2198  gram  of  substance  gave  0'4039  gram  of  mixed  chloride 

and  bromide  of  silver. 

Found. 

Calculated.  f " ^ 

CeHClgBrOa.  I.  II. 

^  \ 58-98  per  cent.         57-54         58-37  per  cent. 

When  paradichlorohromoquinone  is  heated  with  aqueous  alkali, 
chloranilic  acid  is  produced.  The  following  result  was  obtained  on 
analysing  a  specimen  of  air-dried  chloranilic  acid  derived  from  the 
last-mentioned  quinone  : — 

*0-0794  gram  of  substance  gave  0-1026  gram  AgCl. 

Calculated, 
C6Cl2(OH)202  +  H2O.  Found. 

CI 31-27  per  cent.  31*95  per  cent. 

*  The  above  result  was  obtained  with  an  exceedingly  small  weight  of  substance, 
a  larger  quantity  not  being  ayailable.  The  conclusion,  as  to  the  constitution  of 
the  dichlorobromoquinone,  drawn  from  it,  will,  however,  be  found  to  be  confirmed 
in  a  subsequent  portion  of  the  paper  (see  under  paradichlorodibromoquinone). 
The  chloranilic  acid  was  characterised  by  its  potassium  salt. 
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This  result  establishes,  therefore,  the  constitution  o£  the  dichloro- 
bromoquinone,  thus  : — 

O  O 

/^ci  oh/^ci 

Cl'      JBr  Cll       IqH  ' 

O  O 

Pardichlorohromoquinol  is  obtained  by  reducing  the  quinone  with 
sulphurous  acid.  It  separates  from  its  aqueous  solution  in  small, 
lustrous  prismatic  needles  containing  1  mol.  HgO,  melts  at  124 — 126" 
when  the  temperature  is  raised  slowly,  partially  resolidifies  above  this, 
and  again  melts  at  134 — 135°.  It  loses  its  water  of  crystallisation  at 
70°,  as  the  following  determination  shows  : — 

0-3552  gram  of  substance  lost  0-0232  gram  at  70°. 

Calculated. 
C6HCl2Br(OH)2  +  H2O.  Found. 

II2O 6-52  per  cent.  6*53  per  cent. 

The  anhydrous  compound  crystallises  from  chloroform  in  small, 
felted  needles,  and  melts  at  133-5° ;  it  is  readily  soluble  in  boiling 
water,  chloroform,  and  carbon  bisulphide,  sparingly  in  the  cold 
liquids,  and  easily  in  alcohol. 

The  following  results  were  obtained  on  analysis  : — 

I.  0*127  gram  of  substance  gave  0*236  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0-0216  gram  on  ignition  in  a 
current  of  dry  chlorine, 
II.  0-173  gram  of  substance  gave  0*32  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0-0305  gram  on  ignition  in  a 
current  of  dry  chlorine. 

Found. 

Calculated.  ^ '• ^ 

C6HCl2Br(OH)2.  I.  II. 

Cl 27-51  per  cent.  28-19         27-33  per  cent. 

Br 31-00         „  30-56         31-69 

Diacetylparadichlorobromoquinol  is  prepared  by  boiling  the  quinol  in 
a  reflux  apparatus  for  about  an  hour  with  acetic  anhydride.  It 
crystallises  from  boiling  light  petroleum  in  silky  needles,  and  melts 
at  158—159°.     Analysis  :— 

0*1883  gram  of  substance  gave  0-2611  gram  of  mixed  chloride  and 

bromide  of  silver. 

Calculated. 

CcHCloBrCOCoHaOja.  Found. 

Cl  "1 

^    I ,      44*15  per  cent.  44*07  per  cent. 

Br  j 
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Paradichlorobromoquinol  is  also  obtained  together  with  para- 
dichlorodibromoquinol  when  finely  pulverised  paradichloroquinone  is 
boiled  with  concentrated  fuming  hydrobromic  acid.  These  products 
were  analysed  and  characterised,  but  it  is  unnecessary  to  give  details. 

Metadichlorohromoquinone  is  prepared  in  a  similar  manner  to  the  para- 
derivative  by  treating  metadichloroquinone  dissolved  in  glacial  acetic 
acid  with  bromine  (1  mol.  proportion).  After  crystallisation  from 
boiling  alcohol  or  light  petroleum,  it  is  obtained  in  thin,  lustrous, 
yellow  plates.  It  resembles  the  para-derivative  in  general  form  and 
solubility,  and  melts  at  168°.  In  my  former  note  (Proc,  loc.  cit.), 
I  stated  that  this  compound  has  not  a  sharp  melting  point,  and  I 
gave  the  value  175 — 180°.  This  is,  however,  erroneous,  and  the 
cause  of  the  misstatement  is  that  the  quinone  formerly  described 
had  been  crystallised  repeatedly  from  alcohol,  and  was  contaminated 
with  tetra-halogen  derivative  (see  above  under  paradichlorobromo- 
qainone).  The  following  result  was  obtained  on  analysing  a  specimen 
of  metadichlorohromoquinone : — 

0-2224  gram  of  substance  gave  0*4083  gram  of  mixed  chloride  and 
bromide  of  silver ;  this  lost  0*0388  gram  on  ignition  in  a  current 
of  dry  chlorine. 

Calculated. 

CeHClsBrOs.  Found. 

CI 27-73  per  cent.  27*17  per  cent. 

Br 31-25         „  31-33 

When  metadichlorohromoquinone  is  heated  with  dilute  alkali, 
chlorobromanilic  acid  is  obtained.  The  potassium  salt  was  analysed 
with  the  following  result : — "^ 

0-1332  gram  of  substance  lost  0*0134  gram  at  130°,  and  gave  0*0632 
gram  K2SO4. 

Calculated. 
C6ClBr(OK)202  +  2H2O.  Found. 

H2O 9*84  per  cent.  10*06  per  cent. 

K 21*34         „  21*24 

The  constitution  of  metadichlorohromoquinone  is  therefore  estab- 
lished by  this  result,  thus  : — 


A  halogen  determination  was  also  made  on  the  sodium  salt. 

Calculated. 

C6ClBr(ONa)202  +  4H20.  Found. 

CI 9  "60  per  cent.  9  '45  per  cent. 

Br 21  -65         „  20  -13 


LING:   HALOGEN  DERIVATIVES   OP   QUINONE.  567 

O  O 

CL^'^.Cl  C1,^^,0H 

1    Jbv  oh'    Jbv 

O  O 

MetadicMorohromoquinol  is  obtained  by  reducing  the  quinone  with, 
sulphurous  acid ;  it  is  also  formed  together  with  paradichlorodi- 
bromoquinone  (see  below),  when  metadichloroquinone  is  boiled  with 
concentrated  fuming  hydrobromic  acid.  It  is,  however,  best  pre- 
pared as  follows  : — Finely-pulverised  metadichloroquinol  (1  mol.)  is 
suspended  in  dry  carbon  bisulphide  or  chloroform*  (20  parts),  and 
bromine  (1  mol.)  dropped  in  with  agitation.  After  remaining  for 
some  hours  with  constant  shaking,  the  liquid  portion  is  removed,  and 
the  crude  quinol  spread  upon  a  porous  tile  until  the  greater  portion 
of  the  hydrogen  bromide  has  passed  off.  It  is  generally  pure  after 
one  crystallisation  from  boiling  water  or  chloroform  ;  it  separates 
from  either  solvent  in  bunches  of  anhydrous,  colourless  needles,  melts 
at  135°,  and  resembles  the  para-derivative  as  regards  solubility. 
Analysis : — 

0*1554  gram  of  substance  gave  0*2842  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0*0266  gram  on  ignition  in  a 
current  of  dry  chlorine. 

Calculated. 
C6HCl2Br(OH)2.  Found. 

CI 27*52  per  cent.  27*28  per  cent. 

Br 31*00         „  30*75 

Diacetylmetadichlorobromoquinone  is  prepared  by  boiling  the 
quinol  in  a  reflux  apparatus  with  acetic  anhydride.  It  crystallises 
from  boiling  benzene  in  colourless,  microscopic  needles,  melts  at 
173 — 174°,  and  is  readily  soluble  in  chloroform,  sparingly  in  cold 
alcohol  and  benzene,  readily  in  the  hot  liquids ;  it  is  only  sparingly 
soluble  in  boiling  light  petroleum,  and  almost  insoluble  in  cold. 
Analysis  gave  the  following  result : — 

0*2684  gram  of  substance  gave  0*3681  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0*0353  gram  on  ignition  in  a 
current  of  dry  chlorine. 

Calculated. 
C6HCl2Br(OC2H30)2.  Found. 

CI 20*76  per  cent.  '  20*19  per  cent. 

Br 23*39         „  23*61 

*  When  either  of  the  dichloroquinols  ia  treated  with  bromine  m  glacial  acetic 
acid  solution,  oxidation  accompanies  bromination,  and  the  quinone  derivatives  are 
obtained. 
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Tetrachloroquinone  (chloranil)  is  conveniently  prepared  by  passing 
a  current,  of  chlorine  through  the  crude  product  of  the  action  of 
potassium  chlorate  and  hydrochloric  acid  on  quinol  (paradichloro- 
quinol ;  see  above)  dissolved  in  glacial  acetic  acid,  until  it  consists 
of  a  magma  of  yellow  scales.  The  product  is  a  mixture  of  tri-  and 
tetra-chloroquinone,  similar  to  that  obtained  from  phenolsulphonic 
acid  by  Knapp  and  Schultz's  method  (Annalen,  210,  175),  and  these 
are  separated  according  to  Graebe's  latest  directions  {Annalen,  263, 
16),  and  crystallised  from  toluene.  Pure  tetrachloroquinone  melts 
at  290°,  as  stated  by  Graebe  (loc.  cit.). 

Tetrabromoquinone  (bromanil)  is  obtained  in  almost  theoretical 
yield  when  quinol  (30  grams ;  1  mol.)  is  dissolved  in  glacial  acetic 
acid  (300  c.c),  and  bromine  (4  mols.)  run  in  with  agitation.  After 
adding  all  the  bromine,  the  mixture  is  allowed  to  remain  for  some 
hours,  a  small  quantity  of  nitric  acid  is  then  added,  and  it  is  heated 
on  the  water-bath  for  a  short  time  to  complete  the  bromination  and 
oxidise  any  quinol  derivative  which  may  be  present.  When  cool,  it 
is  poured  into  water,  and  the  precipitated  tetrabromoquinone  col- 
lected, washed,  dried,  and  crystallised  from  glacial  acetic  acid,  and 
subsequently  from  benzene.  The  pure  compound  melts  at  300°,  as 
stated  by  Graebe  and  Welltner  {Annalen,  263,  31). 

The  remainder  of  my  experiments  deal  with  paradichlorodibromo- 
and  metadichlorodibromo-quinone  and  their  derivatives,  and  before 
describing  them,  it  will  be  necessary  to  make  some  introductory 
remarks. 

S.  Levy  stated  {Ber.,  18,  2366)  that  the  so-called  anilic  acids  were 
orthodihydroxy-derivatives  of  quinone,  since  he  found  that  the  same 
dihydroxychlorobromoquinone  (chlorobromanilic  acid)  is  obtained  from 
both  paradichlorodibromo-  and  metadichlorodibromo-quinone*  on 
treating  them  with  alkali ;  for  example  : — 

OC<Sci>CO  -.  OC<CCl=CBr>oO 

Paradichlorodibromoquinone.  Chlorobromanilic  acid. 

Metadichlorodib  romoquino  ne. 

*  Levy  {loc.  tit.)  ijublishes  crystallographic  measurements  of  paradichlorodi- 
bromoquinone, and  the  corresponding  quinol,  made  for  him  by  T.  Liweh  (sec  also 
Zeit-s.  Kryst.  Min.,  11,  246),  and  these  indicate  that  the  quinone  is  not  isomorphous 
with  metadichlorodibromoquinone  (see  Levy,  Ber.,  16,  1444),  but  that  the  two 
quinols  are  isomorplious.  Mr.  W.  J.  Pojie  has,  however  (see  p.  573),  recalculated 
Liweh's  results,  and  found  from  his  conclusion  that  paradichlorodibromoquinone 
is  not  isomorphous  with  the  so-called  metadichlorodibromoquinone  is  unsupported 
by  the  data. 
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It  was,  however,  subsequently  proved  by  Hantzscb  (Ber.,  19,  2398) 
and  by  Nietzki  (ibid.,  2727)  that  nitranilic  acid,  which  is  the  analogue 
of  chloranilic  and  bromanilic  acids,  is  a   paradihydroxy-derivative, 

thus,  C0<^^Qg2)'^^^^  ;  and,  finally,  Hantzsch  found  (Ber., 

20,  1303)  that  paradihydroxydibromoquinone,  which  he  obtained  by 
treating  the  basic  sodium  salt  of  paradihydroxyquinonedicarboxylic 
acid  with  bromine-water,  is  identical  with  bromanilic  acid.  It  there- 
fore became  necessary  to  reconcile  this  result  with  those  of  Levy. 
Accordingly,  Hantzsch  and  Schniter  (Ber.,  20,  2279)  re-examined 
the  two  dichlorodibromoqninones  from  para-  and  meta-dichloro- 
quinone,  and  also  the  corresponding  quinols  and  their  diacetyl 
derivatives,  and  finally  arrived  at  the  conclusion  that  the  two  sets  of 
compounds  from  both  sources  were  identical  each  to  each.  Inasmuch, 
therefore,  as  the  dichlordibromoquinone  prepared  from  both  para- 
and  metadichloro-quinone  yielded,  on  treatment  with  alkali,  chloro- 
bromanilic  acid,  Hantzsch  and  Schniter  concluded  that  it  wavS 
metadichlorodibromoquinone, 

O  O 

C]/^|C1  0H/''^,C1 

Br[  Jbv  Br'        'oh 

b  O 

and  that  an  isomeric  change  occurs  when  paradichloroquinone  is 
brominated, 

O  O 

i-^'^ci      _  _        ci-^\,ci 

giving 
Cl'    ^1  Brl.^^'Br 

o  b 

Previous  to  the  appearance  of  Hantzsch  and  Schniter's  paper,  I 
had  arrived  at  an  identical  conclusion,  but  withheld  my  views  in 
order  to  investigate  the  subject  more  fully.  This  I  have  since  done, 
and  my  experiments  prove  that  the  dichlorodibroraoquinone  obtained 
on  brominating  paradichloroquinone,  at  the  ordinary  temperature, 
and  at  the  boiling  point  of  glacial  acetic  acid,  is  a  homogeneous  com- 
pound, but  that  it  does  not  give  chlorobromanilic  acid  on  treatment 
with  alkali,  as  stated  by  Levy,  and  by  Hantzsch  and  Schniter,  but  a 
molecular  compound  consisting  of  chloranilic  acid  (1  mol.)  and  brom- 
anilic acid  (2  mols.).  There  is,  therefore,  no  reason  for  regarding 
this  dichlorodibromoquinone  as  anything  but  the  normal  product, 
which  will  readily  be  seen  on  comparing  the  symbols  : — 
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0 

O 

0 

Br'^^Cl 

OH^'^Cl 

Br/^'^OH 

gives 

(1 

mol 

.)  +                      (2inols 

.) 

Cl^^Br 

Cl^^OH 

OHv      ,Br 

0 

0 

0 

Paradichlorodi- 

Chloranilic  acid. 

Bromanilic  acid. 

bromoquinone. 

On  studying  the  bromination  of  metadichloroquinone,  I  was  sur- 
prised to  find  that  the  dichlorodibromoquinone  obtained  by  bromina- 
ting  this  at  a  high  temperature  also  gave  the  same  compound, 
consisting  of  chloranilic  acid  (1  mol.)  and  bromanilic  acid  (2  mols.) 
on  treatment  with  alkali.  Obviously,  therefore,  this  could  not  be 
the  normal  product,  metadichlorobromoqtiinone,  which  would  give 
only  chlorobromanilic  acid,  thus  : — 

O  O 

CL^^Cl  Cl^.OH 


Br'       JBr  OHI       JBr 

O  O 

I  can,  therefore,  confirm  Hantzsch  and  Schniter's  statement  that 
the  compound  and  its  derivatives  obtained  by  brominating  paradi- 
chloroquinone  are  identical  in  all  respects  with  those  obtained  by 
brominating  metadichloroquinone  when  the  experiments  are  con- 
ducted at  a  high  temperature.  An  isomeric  change  must,  however,  be 
assumed  to  occur  when  metadichloroquinone  is  brominated  under 
these  circumstances, 

O  O 

Cl/Nci  Br/^,C1 

giving 

O  O 

An  extended  study  of  the  bromination  products  of  metadichloro- 
quinone at  high  and  low  temperatures,  and  that  of  metadichloro- 
quinol,  has  completely  confirmed  this  view,  and  my  remaining  results 
may  thus  be  summed  up : — When  metadichloroquinone  is  brominated 
in  glacial  acetic  acid  solution  at  a  temperature  of  15 — 20°,  a  mixture 
consisting  for  the  most  part  of  the  normal  product,  metadichloro- 
dibromoquinone,  together  with  a  smaller  quantity  of  paradichloro- 
dibromoquinone,  is  obtained  ;  whilst,  if  the  reaction  is  performed  at 
the  boiling  point  of  glacial  acetic  acid,  paradichlorodibromoquinone 
is  exclusively  formed.  Furthermore,  when  metadichlorobromo- 
quinol  (m.  p.  V^5^)  is  suspended  in  an  anhydrous  menstruum  and 
brominated,  the  normal  product  is  produced,  and  this  gives  metadi- 
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cblorodibromoquinone    on   oxidation;    the  latter  then  yields  chloro- 
bromanilic  acid  on  treatment  with  alkali,  thus  : — 
O  O 

C],^C1  0}l/\ci 


Br'       JBr  Brl      JOH 

O  O 

Metadichlorodibromo-  ChlorobromaniUc 
quinone.  acid. 

Mr.  W.  J.  Pope,  who  has  kindly  furnished  me  with  crystallographic 
measurements  of  several  of  the  compounds  described  in  this  paper, 
finds  that  the  last-mentioned  dichlorodibromoquinone  is  crystallo- 
graphically  distinct  from  the  isomeric  para-derivative.  The  two 
compounds  melt,  however,  within  a  degree  of  one  another,  and  the 
melting  points  of  their  derivatives  are  very  close  ;  this  is,  however, 
not  so  surprising  when  it  is  remembered  that  all  the  tetra-halogen 
quinones  and  their  derivatives  are  very  close  to  one  another  in  melting 
point.  Mr.  Pope  also  finds  that  paradichlorodibromoquinone,  prepared 
from  the  two  sources,  gives  measurements  which  are  identical  within 
the  limits  of  experimental  error. 

Representing  quinone  by  Fittig's  formula, 

O 
/\ 


O 

it  cannot  be  strictly  regarded  as  a  benzene  derivative,  and  an  intra- 
molecular redistribution  of  affinities  must  occur  when  it  is  reduced  to 
quinol,  a  true  benzene  derivative.  Nef  has  recently  pointed  out 
(/.  pr.  Chem.  [2],  42,  161)  that  quinone  unites  with  4  atoms  of 
halogen  to  form  derivatives  of  diketohexamethylene,  and  it  thus 
appears  probable  that,  whenever  quinone  is  treated  with  halogen,  the 
formation  of  an  additive  compound  precedes  that  of  a  substitution 
derivative.  It  is  conceivable,  therefore,  that  when  metadichloro- 
quinone  is  treated  with  2  mol.  proportions  of  bromine,  the  dichloride- 
tetra bromide  (dichlorotetrabromoparadiketohexamethylene) , 

O 

II 
C 

Br>y       y<Br 
C 
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is  the  primary  product,  and  that  this  subsequently  decomposes  at  a 
high  temperature  (that  of  boiling  glacial  acetic  acid)  into  para- 
dichlorodibromoquinone, 

O 

Cll        'Br  ' 
O 

whilst,  at  the  ordinary  temperature,  it  decomposes  for  the  most  part 
into  metadichlorodibromoquinone, 

O 

C]/\ci 


Brl      JBr 
O 

The  production  of  paradichlorodibromoquinone  requires  the  as- 
sumption of  an  intramolecular  change,  but  such  a  change  must  also 
be  assumed,  when  quinone  is  converted  into  quinol.  That  such  an 
intramolecular  change  would  be  likely  to  occur  is,  however,  borne 
out  by  Nef's  observation  (loc.  cit.)  that  quinone  tetrabromide,  on  boil- 
ing with  aqueous  alcohol,  yields  a  mixture  of  para-  and  meta-dibromo- 
quinone.  Before  passing  to  the  experimental  portion,  I  will  again 
draw  attention  to  the  fact  that  metadichloroquinol,  when  brominated  at 
a  temperature  at  which  the  corresponding  quinone  yields  exclusively 
paradichlorodibromoquinone,  gives  the  normal  product.  This  is 
probably  because  the  quinol  is  a  true  benzene  derivative,  and,  there- 
fore, as  a  saturated  compound,  direct  substitution  takes  place. 

Bromination  of  Paradichloro quinone. 

Paradichlorodibromoquinone. — As  already  mentioned,  Hantzsch  and 
Schniter  {loc.  cit.)  have  put  forward  the  view  that  when  paradichloro- 
quinone  is  brominated,  metadichlorodibromoquinone  is  produced. 
This  observation  led  me  to  study  the  bromination  products  of  para- 
dichloroquinone,*  paradichloroquinol,  and  its  diacetyl  derivative, 
under  various  conditions,  both  at  high  and  low  temperatures ;  these 
experiments  were  made  on  an  extensive  scale,  and  the  derivatives 
obtained  were  fractionally  crystallised  from  every  available  solvent, 
the  result  being  that  they  were  found  in  all  cases  to  be  homogeneous 
substances  and  the  normal  products  of  the  reactions.  Several  ex- 
periments were  also  made  to  determine  the  nature  of  the  chlorination 

*  It  may  be  added  that  the  bromination  of  paradichloroqmnone  with  both  con- 
centrated hydrobromic  acid  and  bromine  has  been  studied. 
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product  of  paradibromoquinone ;  in  ttis  case  bromine  is  partially  re- 
placed by  chlorine,  and  the  products  are  probably  chloranil,  chloro- 
tribromoquinone,  and  a  dichlorodibromoquinone  which  was  isolated 
and  proved  to  be  the  para-derivative. 

Paradichlorodibromoquinone  is  best  prepared  by  dissolving^  para- 
dichloroquinone  (1  mol.)  in  glacifil  acetic  acid  (10  parts)  at  70 — 80°, 
and  dropping  bromine  (2  mols.)  into  the  hot  solution.  After  adding 
all  the  bromine,  the  crystalline  magma  is  allowed  to  remain  for 
a  while,  and  then  poured  into  an  excess  of  water,  collected,  and 
washed.  It  is  then  suspended  in  water,  and  treated  with  potassium 
dichromate  and  dilute  sulphuric  acid,  the  object  of  this  being  to 
oxidise  the  tetra-halogen  quinol  which  is  invariably  produced  in 
small  quantity  ;  after  this,  it  is  again  collected,  washed,  and  dried  ; 
the  yield  is  practically  quantitative.  It  is  crystallised  first  from  glacial 
acetic  acid,  and  subsequently  from  benzene.  It  forms  six-sided  plates, 
melts  at  292°,  and  is  sparingly  soluble  in  glacial  acetic  acid  at  the 
ordinary  temperature,  more  readily  in  the  boiling  liquid,  and  easily  in 
boiling  benzene  ;  it  is  almost  insoluble  in  cold  alcohol,  and  only  very 
slightly  soluble  in  boiling.  On  adding  light  petroleum  to  its  solution 
in  benzene,  it  slowly  separates  out.  The  following  result  was  obtained 
on  analysing  this  compound  : — 

0"3824  gram  of  substance  gave  0'7587  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0*1004  gram  on  ignition  in  a 
current  of  dry  chlorine. 

Calculated. 

CgClsBrgOa.  Found. 

CI 2119  per  cent.  2163  per  cent. 

Br 47-76        „  47-19 

Mr.  W.  J.  Pope  has  measured  some  crystals  of  the  above  compound, 
and  finds  them  to  be  identical  in  form  with  those  of  the  so-called 
metadichlorodibromoquinone  (Levy,  Ber.,  16,  1444)  ;  whereas,  Liweh 
(Zeit.  Kryst.  Min.  11,  247),  as  before  stated,  shows  that  the  two  com- 
pounds have  different  axial  relations.  Mr.  Pope  has,  however,  gone 
over  Liweh's  calculations  and  reports  as  follows  : — "  In  this  paper 
(loc.  cit.),  Liweh  states  that  a  comparison  of  the  crystallographic 
elements  of  paradichlorodibromoquinone,  a  :  h  :  g  =  1*446  :  1  :  2850 ; 
^  =  77"  30'  with  those  of  metadichlorodibromoquinone,  a  :  b  :  c  = 
1-445  :  1  :  3-0286;  /3  =  74°  31'  (Levy,  loc.  cit.),  shows  that  these  two 
compounds  are  not  isomorphous,  the  ratio  a  :  h  only  remaining  un- 
altered in  the  two  substances,  whilst  the  axis  c  is  altered."  "  It  can, 
however,  be  readily  shown  by  readjusting  the  symbols  allotted  to  the 
crystals  of  these  two  substances  that  the  axial  relations  are  practically 
the  same  in  both."     "  Thus,  starting  from  the  para-compound  a  :  b  :  c 

VOL.  LXI.  2   s 
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=  1-446  ;  1  :  2850 ;  ft  =  7T  30',  by  altering  the  symbols  of  the 
various  forms,  the  axial  relations  a  :  h  :  c  =  1-4460  :  1  :  29025 ;  /3  = 
73°  25'  can  be  obtained,  a  set  of  values  which  are  in  fairly  close  agree- 
ment with  those  given  by  Liweh  to  the  so-called  metadichlorodi- 
bromoquinone."  "  The  difference  in  the  axial  relations  observed  by 
Levy  and  Liweh  is  therefore  only  apparent,  and  this  is  confirmed  by 
my  own  measurements,  according  to  which  the  substances  in  question 
are  crystallographically  identical."  "Any  support  which  the  crystallo- 
graphic  observations  of  Levy  and  Liweh  have  previously  afforded  to 
the  view  that  the  quinones  from  both  sources  are  distinct  compounds 
is  thus  rendered  valueless." 

When  paradlchlorod'ibromoquinone  is  heated  with  aqueous  potas- 
sium or  sodium  hydroxide  solutions  (4 — 10  per  cent.),  it  yields  a  com- 
pound consisting  of  chloranilic  acid  (1  mol.)  and  bromanilic  acid 
(2  mols.),  which  cannot  be  separated  into  its  constituents  by  crystal- 
lisation of  either  of  its  salts. 

The  sodium  salt  crystallises  from  water  in  massive,  dark,  almost 
black  prisms  which  are  red  by  transmitted  light,,  belonging  to  the 
anorthic  system,  a  :  h  :  c- =  0^8825  :- 1  :  0-8163  ;•  oc'  =  69""  48'  ;  /3  = 
87°  14';  7'=  72°  11".     Analysis:— 

1.  0-2224  gram  of  substance  lost  0'0422' gram  at  150°,  and  gave 
0-0816  gram  ^2804. 
II.  0-2147  gram  of  substance  lost  0'0403  gram  at  150°,  and  gave 

0-0779  gram  ^2804. 
III.  0-3171  gram  of  substance  gave  0*2840  gram  of  mixed  chloride 
and  bromide  of  silver,  and  this  lost  0'0489  g^ram  on  ignition 
in  a  current  of  dry  chlorine. 

Calculated.  Found. 

C6Cl2(ONa)202,2C6Br2(ONa)202        ^ -^ v 

+  I2H2O.  I.  II.  III. 

H2O 18-65  per  cent.  l'8-97     18-77        —    percent. 

Na 11-98        „  11-86     1173       — 

CI 6-15        „  —  —         6-04 


Br 27-75        „  —         —      27-71 


?) 


The    potassium    salt    crystallises    in    slender,   dark-red    needles. 
Analysis ; — 

I.  0-2143  gram  of  substance  lost  0-0205  gram  at  150°,  and  gave 

0-0959  gram  K2SO4. 
II.  0-1837  gram  of  substance  lost  0-0169  gram  at  150°,  and  gave 

0-0825  gram  K2SO4. 
III.  02045  gram  of  substance  gave  0*1855  gram  of  mixed  chloride 
and  bromide  of  silver,  and  this  lost  0*0315  gram  on  ignition 
in  a  current  of  dry  chlorine. 


LING:    HALOGEN  DERIVATIVES  OF   QUINONE.  575 

Calculated.  Foimd. 

C6Cl.(OE:)202,2C6Br2(OE:)202  , * ^ 

+  6H2O.  I.  II.  III. 

H.,0 9-46  per  cent.  9-56  9*20  —    percent. 

K 20-50        „  20-05  20-11  — 

CI 6-22        „  —          —  6-35 

Br 28-04        „  _          __  27-68 

The  dihydroxy-compound  separates  in  brick-red  scales  on  adding 
an  excess  of  dilute  hydrochloric  acid  to  an  aqueous  solution  of  the 
alkali  salts.  The  mean  of  two  determinations  obtained  with  a  speci- 
men of  the  substance  dried  at  120°  gave  the  following  values  : — 

Calculated. 

C6Cl2(OH)202,2C6Br2(OH)202.  Found. 

CI 8-81  per  cent.  808  per  cent. 

Br 39-75        „  40-64 

To  prove  that  the  last- described  substance  was  really  a  compound  of 
chloranilic  acid  (1  mol.)  and  bromanilic  acid  (2  mols.),  sodium  chlor- 
nnilate  and  broraanilate  were  dissolved  in  water  in  this  proportion. 
The  crystals  obtained  were  measured  by  M  r.  Pope,  and  found  to  have 
the  same  axial  relations  as  those  above  given  by  him  for  the  salt  from 
paradicblorodibromoquinone,  thus  : — a  :  h  :  c  =  0-8825  :  1  :  0-8143  ; 
a  =  69°  56' ;  /5  =  S7°  T  ',  7  =  72°  ]  1'.  The  axial  relations  of  sodium 
chlorauilate,  bromanilate,  and  chlorobromanilate  were  also  deter- 
mined by  Mr.  Pope,  thus : — Sodium  chloranilate,  a  :  h  :  c  = 
0-8743  :  1  :  ?  ;  a  =  88°  8' ;  ^  =  89°  51' ;  7  =  72°  30'.  Sodium  brom- 
anilate, a:h:  c  =  0-8768  :  1  :  0-8100 ;  a  =  69°  28' ;  /3  =  87°  56'; 
7  =  71°  49'.  Sodium  chlorobromanilate,  a  :  b  :  c  =  0-888  :  1  :  0-814; 
a  =  69"  59' ;  y8  =  87°  3' ;  7  =  71°  58'.  A  comparison  of  the  ele- 
ments of  the  two  samples  of  the  salt  C6Cl2(ON'a)202,2C6Br2(ONa)202 
-t-  I2H2O,  the  one  obtained  from  paradicblorodibromoquinone,  and 
the  other  by  mixing  the  constituents  in  the  requisite  proportions 
shows  them  to  be  crystal! ographically  identical."  "  The  differences 
between  the  axial  relations  of  the  various  salts  are  small,  but 
sufficiently  great  to  characterise  them  as  distinct  compounds  "  (see 
also  next  paper).  Analysis  of  the  salt  prepared  by  mixing  sodium 
chloranilate  (1  mol.)  with  sodium  bromanilate  (2  mols.),  and  crystal- 
lising the  mixture  from  water  : — 

0-2921  gram  of  substance  lost  0*0544  gram  at  150°,  and  gave  0-1067 
gram  NaaSO^. 

Calculated. 
C6Cl2(ONa)202,2C6Br2(ONa)202 

+  I2H2O.  Found. 

H2O 1865  per  cent.  18-62  per  cent. 

Na 11-98        „  11-83 

2  s  2 
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The  dihydroxy-derivative  obtained  by  decomposirg  the  last  sodium 
salt  with  acid  gave,  on  analysis: — CI,  744  per  cent.;  Br,  4132  per 
cent.     Calculated  : — CI,  881  per  cent. ;  Br,  39'75  per  cent. 

When  paradichlorodibromoquinol  is  reduced  by  Grraebe's  method 
(see  Amialen,  263,  16)  with  hydriodic  acid  and  phosphorus,  the  corre- 
sponding quinol  is  obtained,  crystallising  from  benzene  in  flat 
needles,  and  melting  at  235 — 236°  ;  it  gives  a  diacetyl  derivative, 
which  crystftlHses  from  benzene  or  glacial  acetic  acid  in  needles,  and 
melts  at  269 — 270°  ;  compare  Hantzsch  and  Schniter  (loc.  cit.). 

Brommation  of  Metadicldoroquinone  (high  temp.). 

Paradichlorodibromoquinone  is  also  formed  by  brominating  meta- 
dichloroquinone  in  boiling  glacial  acetic  acid  solution.  The  same 
quantity  of  glacial  acetic  acid  is  employed  as  given  above  for  the 
bromination  of  the  paradichloroquinone,  and  the  experiment  is  con- 
duct(  d  in  the  same  manner  as  the  latter,  only  at  the  boiling  point  of 
the  solution.  The  dichlorodibromoquinone  obtained  in  this  way  is  in 
every  respect  identical  with  that  obtained  from  paradichloroquinone, 
thus:  it  melts  at  292°,  yields  a  quinol  melting  at  235 — 236°,  which 
gives  a  diacetyl  derivative  melting  at  269 — 270°  ;  and  further,  Mr. 
Pope  has  established  the  identity  of  the  two  compounds  by  crystallo- 
graphic  measurement  (see  above).  The  following  result  was  obtained 
on  analysing  the  quinone  : — 

0*2062  gram  of  substance  gave  0*4023  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0*0538  gram  on  ignition  in  a 
current  of  dry  chlorine. 

Calculated. 

CgClsBrsOs.  Found. 

CI 21*19  per  cent.  21*01  per  cent. 

Br 47-76        „  46*84 

This  quinone  gives  the  compound  of  chloranilic  acid  (1  mol.)  and 
bromanilic  acid  (2  mols.)  on  treatment  with  alkali. 
Analysis  of  the  sodium  salt : — 

I.  0*3102  gram  of  substance  lost  0*0568  gram  at  150°,  and  gave 
0*1144  gram  Na.SOi. 
II.  02109  gram  of  substance  lost  0*0386  gram  at  150°,  and  gave 
0*0775  gram  NaaSO^. 
III.  0*5472  gram  of  substance  gave  0*4899  gram  of  mixed  chloride 
and  bromide  of  silver,  and  this  lost  0*0829  gram  on  ignition 
in  a  current  of  dry  chlorine. 
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Calculated.  Found, 

C6Cl2(ONa)202,2C6Br2(ONa)202         ( '■ ^ 

+  12H,0.  I.            3L           III. 

H2O 18-65  per  cent.  18'31     IS'SO       —    percent. 

Na 11-98       „  11-94     11-90       — 

CI 6  15       „  —         —        6-31 

Br 27-75       „  —         —     27-23 


>> 


Potassiam  salt : — 

0-226  gram  of  substance  lost  0-0218  gram  at  150°,  and  gave  01033 
gram  K2SO4. 

Calculated. 
C6Cl2(OE:)202,2C6Br2(OK)202 

+  6H2O.  Found. 

H2O 9-46  per  cent.  964  per  cent. 

K 20-50        „  20-49 

I  have  previously  described  a  compound  as  metadichlorodibromo- 
qninone  (Trans.,  1887,  786),  obtained  by  the  action  of  bromine  on 
(lichloroparanitrophenol.  1  have  carefully  re-examined  this,  and  find 
that  it  does  not  give  chlorobromanilic  acid  on  treatment  w^ith  alkali, 
as  stated  {loc.  cit.),  but  the  molecular  compound  of  chloranilic  and 
bromanilic  acids.  The  following  values  w^ere  obtained  on  analysing 
the  sodium  salt: — H2O  =  18-41  per  cent.;  Na  =  11-91  per  cent.; 
CI  =  602  per  cent. ;  Br  =  28-13  per  cent.  In  the  formation  of  this 
dichlorodibromoquinone,  which  must  be  the  para-derivative,  an  iso- 
meric change  must  occur,  as  shown  by  the  following  symbols : — 


OH  O 

Cl/Nci  Clj^NBr 

giving 

NO2  O 

A  dichlorodibromoquinone  has  been  obtained  by  Krause  (Ber.^  12, 
47)  by  the  action  of  bromine  on  dichloroquinonechlorimide.  He 
shows  that  this  quinone  gives  chlorobromanilic  acid  on  treatment 
with  alkali,  and  analyses  of  the  potassium,  sodium,  and  silver  salts,  as 
jilso  of  the  acid  itself,  agreeing  closely  with  the  theoretical,  are  re- 
corded ;  hence,  the  quinone  must  have  been  metadichlorodibromo- 
quinone  (compare  above).  Such  a  constitution  is  hardly  conceivable, 
taking  into  account  the  source — dichloroquinonechlorimide — from 
which  the  quinone  was  derived,  unless  it  were  possible  for  the  para- 
derivative  to  pass  by  isomeric  change  into  the  meta-compound.  This, 
however,  as  shown  above,  is  impossible,  as  the  intramolecular  change 
occurs  in  the  reverse  direction — the  meta-  into  the  para-derivative. 
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This  being  so,  I  can  only  conclude  that  the  analyses  recorded  by 
Krauso  for  chlorobromanilic  acid  and  its  salts  are  all  wrong ;  that 
this  chemist  must  have  been  dealing  with  the  compound 

C6Cl2(OH)A,2C6Br2(OH)202, 
and  that  the  dichlorodibronaoquinone  must  have  been  the  para-deri- 
vative. 

Bromination  of  MetadicMorohromoquinol. 

Metadichlorodibromoquinone  is  readily  obtained  as  follows  : — Meta- 
dichlorobromoquinol  (m.  p.  135^j,  suspended  iaa.  carbon  tetrachloride 
(5  parts),  is  introduced  into  a  strong  stoppered  bottle,  and  1  mol. 
proportion  of  bromine,  dissolved  in  carbon  tetrachloride,  is  added.  The 
stopper  is  then  wired  down  and  the  bottle  heated  in  a  bath  of  boiling 
water  for  5 — 6  hours.  The  liquid  portion  is  decanted,  and  the  pro- 
duct drained  at  the  pump,  and  finally  spread  upon  a  porous  tile  until 
most  of  the  hydrogen  bromide,  and  all  the  carbon  tetrachloride,  is  got 
rid  of  ;  it  consists  of  crude  metadichlorodibromoquinol,  and  usually 
melts  at  220 — 225°.  When  repeatedly  recrjstallised  from  glacial 
acetic  acid  and  benzene,  it  melts  at  231 — 232°,  and  yields  a  diacetyl 
derivative  melting  at  265 — 266°. 

It  is  mixed  into  a  paste  with  water,  and  oxidised  with  potassium 
dichromate  and  dilute  sulphuric  acid.  The  crude  quinone  is  then 
treated  as  described  above,  under  the  other  tetra-halogen  quinones,  and 
finally  crystallised  from  glacial  acetic  acid  and  benzene.  It  separates 
from  benzene  in  six-sided  plates,  melts  at  291°,  and  closely  re- 
sembles the  para-derivative,  but  is  perhaps  a  little  more  soluble. 
"  The  crystals  are  probably  monosymmetric,  with  the  axial  relations 
a:b  :c  =  1-9654  :  1  :  0-6864  ;  /3  =  90°  0'."  ,  "  The  substance  is  en- 
tirely distinct  from  the  compound  examined  by  Levy,  to  which  he 
assigned  the  axial  relations  a  :  b  :  c  =  1-445  :  1  :  3*0286;  /3  =  74°  31'." 
"  The  complete  crystallographic  investigation  of  the  tetra-halogea 
quinones  will  be  published  later." 

Analysis  of  metadichlorodibromoquinone  : — 

0-2156  gram  of  substance  gave  0'4203  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0*0572  gram  on  ignition  in  a 
current  of  dry  chlorine. 

Calculated. 

CgCliBrjOa.  Found. 

CI 21-19  per  cent.  20-50  per  cent. 

Br 47-76        „  47-77 

Metadichlorodibromoquinone,  when  treated  with  alkali,  gives 
chlorobromanilic    acid.      The    sodium   salt   was    obtained   in   dark, 


LING:   HALOGEN  DERIVATIVES  OF  QUINONE.  579 

almost  black  prisms,  and  crystallographic  measurements  have  already 
been  given  for  it  (see  abova).     AnaJjsis  : — 

I.  0'207  gram  of  substance  lost  0'0402  gram  at  150°  and  gave 
0-0796  gram  Na^SO^. 
II.  0'3939  gram  of  substance  gave  0-3521  gram  of  mixed  cbloride 
and  bromide  of  silver,  and  this  lost  0*0473  gram  on  ignition 
in  a  current  of  dry  chlorine. 
III.  0-3987  gram  of  substance  gave  03465  gram  of  mixed  chloride 
and  bromide  of  silver,  and  this  los-t  0-0469  gram  on  ignition 
in  a  current  of  dry  <}hlorine. 


■Calculated. 

C6ClBr(ONa)202 

+  4H2O. 

Found. 

^. 

XL 

III. 

H20 

19-48  per  cent. 

19-42 

— 

— 

Na... 

12-44        ,, 

12-41 

— 

— 

CI........ 

^•60        „ 

— 

9-56 

9-26 

Br 

21-65        „ 

— 

21-58 

21-14 

per  cent. 


The  salts  of  chlorobromanilic  acid  are  much  less  stable  than  those 
of  the  other  anilic  acids  ^  they  decompose  when  their  aqueous  solu- 
tions are  boiled  for  a  long  time,  the  latter  becoming  acid;  it  is 
therefore  necessary,  in  recrystallising  these  salts,  to  previously  render 
the  solvent  water  slightly  alkaline. 

The  potassium  salt  crystallises  in  slender,  reddish-brown  needles. 
Analysis  : — 

0-184  gram  of  substance  lost  0*0188  gram  at  150°^  and  gave  0-0879 
gram  KgSOi. 

Calculated. 
CcClBrCOKjsO^  -t-  2H2O.  Found. 

HaO 9-84  per  cent,  10-21  per  cent. 

K 21-34        „  21-35 

Chlorobromanilic  acid  separates  on  adding  an  excess  of  dilute 
hydrochloric  acid  to  either  of  its  alkali  salts  in  brick-red,  flat 
needles. 

Metadichlorodibromoquinol  is  obtained  by  reducing  the  quinone 
with  hjdriodic  acid  and  phosphorus.  It  cryotallises  from  g-laciai 
acetic  acid  or  benzene  in  colourless  needles,  and,  when  pure,  melts  at 
231 — 232°,  It  is  readily  soluble  in  alcohol,  but  is  precipitated  from 
this  solvent  on  the  addition  of  water ;  it  is  sparingly  soluble  in  boil- 
ing glacial  acetic  acid,  even  less  so  in  boiliDg  benzene,  very  sparingly 
in  boiling  water,  and  practically  insoluble  in  the  cold.     Analysis : — 

0*5628  gram  of  substance  gave  1-1019  gram  of  mixed  chloride  and 
bromide  of  silver. 
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Calculated. 
C6CloBr2(OH)2.  Found. 

^^1 68-54  per  cent.  68-21  per  cent. 

Diacetylmetadichlorodihromoquinol. — This  is  prepared  by  boiling  the 
last-described  quinol  in  a  reflux  apparatus  with  acetic  anhydride. 
After  crystallisation  from  glacial  acetic  acid  or  benzene,  it  is  ob- 
tained in  small,  colourless  needles,  and  melts  at  265 — 266°.  It  is 
very  sparingly  soluble  in  glacial  acetic  acid  and  benzene  at  the  or- 
dinary temperature,  and  not  very  soluble  in  the  boiling  liquids. 
Analysis  : — 

0-3276  gram  of  substance  gave  0-5079  gram  of  mixed  chloride  and 
bromide  of  silver. 

Calculated. 
CioH6Cl2Br204.  Found. 

CI 
Br 


> 54-86  per  cent.  5401  per  cent. 


B'Tomination  of  Metadichloroquinone  (low  temp.). 

When  metadichloroquinone  (1  mol.)  is  dissoWed  in  glacial  acetic 
acid  (10  parts)  and  treated  with  bromine  (2  mols.)  at  a  temperature  of 
15 — 20°,  metadichlorodibromoquinone,  mixed  with  a  smaller  quantity 
of  paradichlorodibromoquinone,  is  obtained.  The  product  crystallises 
from  benzene  in  six-sided  plates,  and  melts  at  about  292°.    Analysis  : — 

0*2731  gram  of  substance  gave  0-5395  gram  of  mixed  chloride  and 
bromide  of  silver,  and  this  lost  0*0721  gram  on  ignition  iu  a 
current  of  dry  chlorine. 

Calculated 
CgClsBraOij.  Found. 

CI... 21-19  per  cent.  21-23  per  cent. 

Br 47-76        „  47-41 

On  decomposing  this  quinane  with  sodium  hydroxide  solution,  a 
salt  was  obtained,  crystallising  in  dark  prisms,  and  giving  numbers 
on  analysis  agreeing  fairly  well  with  those  required  for  sodium 
chlorobromanilate,  thus  : — 

I.  03725  gram  of  substance  lost  0'0709  gram  at  150°,  and  gave 

0-1 109  gram  NasSOi. 
II.  0-268  gram  of  substance  lost  0'0515  gram  at  150°,  and  gave 
01004  gram  NagSOi. 
III.  0-2519  gram  of  substance  gave  0-2265  gram  of  mixed  chloride 
and  bromide  of  silver,  and  this  lost  0-0323  on  ignition  in  a 
current  of  dry  chlorine. 
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Calculated.  Found. 

C6ClBrvONa)202  ' ' \ 

+  4H2O.  I.             II.  HI. 

H2O 19-48  per  cent.  1903  19-21  —    per  cent. 

Na 12-44        „  12-25  1213  — 

CI 9-60        „  —          —  8-81       „ 

Br 21-65        „  —          —  23  06       „ 

These  numbers  do  not  exhibit  as  close  an  agreement  with  the 
theoretical  as  usual,  although  the  utmost  care  was  taken  with  the 
various  determinations.  As  before  mentioned,  the  dicblorodibromo- 
quinone,  from  which  the  salt  was  obtained,  is  a  mixture,  and 
consequently  the  salt  must  also  be  a  mixture.  That  the  dichlorodi- 
bromoquinone  is  a  mixture,  is  seen  by  the  following  experiments  : — 
A  portion  of  the  quinone  was  reduced  with  hydriodic  acid  and  phos- 
phorus, and  the  quinol  repeatedly  crystallised  from  glacial  acetic  acid, 
when  a  small  quantity  of  a  compound  melting  at  235°  (the  melting 
point  of  paradichlorodibromoquinol)  was  obtained ;  whilst,  on  adding 
water  to  the  united  glacial  acetic  acid  mother  liquors,  a  compound 
was  precipitated  which  melted  at  231°  (the  melting  point  of  metadi- 
chlorodibroraoquinol) .  The  former  gave  a  diacetyl  derivative  melting 
at  268 — 269°,  and  the  latter,  a  similar  derivative  melting  at  265 — 266°. 
By  fractionally  crystallising  the  dichlorodibromoquinone  from 
benzene,  it  was  resolved  into  two  portions,  which  gave  quinols  and 
diacetyl  derivatives  exhibiting  the  same  differences  in  melting  point 
as  the  last-mentioned.  As  these  experiments  were  made  with  fairly 
large  quantities  of  material,  and  taking  into  account  the  fact  that 
metadichloroquinone  yields,  exclusively,  paradichlorodibromoquinone 
on  brominating  it  at  a  high  temperature,  the  inference  that  the 
brominatiou  product  of  metadichloroquinone  at  a  temperature  of 
15 — 20°  also  contains  a  small  quantity  of  paradichlorodibromoquinone 
appears  to  be  justified.  This  work  was  suggested  to  me  some  years 
ago  by  Dr.  H.  E.  Armstrong,  to  whom  my  best  thanks  are  due. 


LIII. — The  Crystalline  Forms  of  the  Sodium  Salts  of  Substituted 
Anilic  Acids. 

By  William  J.  Pope. 

The  crystallographical  measurements  which  are  the  subject  of  the 
present  paper  were  made  on  substances  prepared  by  Mr.  A.  R. 
Ling  in  the  course  of  his  work  on  the  halogen  derivatives  of  quiuone 
(see  preceding  paper). 
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The  compounds  which  have  been  examined  are  the  sodium  salts 
of  bromanilic  acid,  chloranilic  acid,  and  bromochloranilic  acid.  A 
molecular  compound  or  double  salt  composed  of  two  molecular  pro- 
portions of  sodium  bromanilate  and  one  of  sodium  chloranilate  was 
also  measured. 

Sodium  Bromanilate,  C8Br2(ONa)202,4H20. 

The  crystals  of  this  substance  consist  of  practically  opaque,  dark- 
coloured  prisms.  Th^ey  attain  a  length  of  6  or  8  mm.,  and  a  thickness 
of  about  1  mm.  When  crushed  to  powder  and  the  fragments  ex- 
amined microscopically,  they  are  seen  to  transmit  light  of  a  claret 
colour,  and  to  be  strongly  doubly  refracting.  Slight  dichroism  is 
also  to  be  observed.  The  crystals  are  generally  much  intergrown 
with  others,  and  so  occur  as  confused  aggregates  springing  from  a 
common  origin.  Parallel  growths  are  also  frequent.  The  larger 
forms,  a{100}  and  6{010},  are  conchoidal  in  character,  and  so  give 
bad  measurements.  The  form  p{IlO},  which  is  generally  small  in 
size,  mostly  gives  good  reflections  ;  the  same  is  true  of  c{001}.  The 
form  mjlOlj  varies  much  in  size,  and  is  nearly  always  disfigured 
by  a  cavity  extending  in  the  direction  of  the  c-axis.  This  cavity 
takes    the    shapes    shown    in    figures  1,    2,    and   5,    and  frequently 


Fm.  1. 


Fig.  2. 
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almost  obliterates  the  forms  c{001}  and  m{i01}.  The  forms  jp{IlO} 
and  c{ 001}  are  often  absent.  There  is  a  trace  of  cleavage  parallel 
to  c{001},  but  generally  the  crystals  have  a  very  irregular  fracture. 
Twinning  on  p{110}  is  common.  Figures  1,  2,  and  5  represent 
commonly  occurring  forms  of  the  crystals. 
Crystalline  system. — Anorthic. 

a  :  ft  :  c  =  0-8768  :  1  :  0-8100. 


OL 

=  69°  28' 

;  ^  =  87°56^  7 

=  71°  49'. 

For: 

tns  present — 

a  ....    {100} 

fe  ....    {010} 

c   ....    {001} 

p  ....    {110} 

m....    {101} 

Number  of 

Angles. 

observations 

Limits. 

Mean. 

Calculated. 

Ip 

010  :  110 

41 

57°  10'— 58°  32' 

57°  51' 

57°  53' 

ab 

100  :  010 

44 

69    26—70     11 

69   42 

— 

ap 

100  :  110 

43 

51    57—52    ^8 

52    25 

— 

am 

100  :  101 

37 

52  41—53      5 

52    52 

— 

mc 

101  :  001 

34 

46    13—46    53 

46    32 

46    33 

ac 

100  :  001 

35 

80      7—80    54 

80    35 

— 

pm 

110  :  101 

7 

53  45—54    27 

54      4 

53    52 

pc 

110  :  001 

4 

79   42—80    17 

80      4 

79    57 

be 

010  :  001 

26 

67   21—67    52 

67    35 

— 

bm 

OlO  :  lOl 

12 

86    51  —87    23 

87      6 

87      0 

Sodium  Chloranilate,  C6Cl2(ONa)202,4H20. 

This  substance  separates  from  its  hot  aqueous  solution  in  very 
long,  dark-coloured  prisms,  somewhat  resembling  the  bromanilate 
in  appearance.  The  crystals  are,  however,  much  latger  than  those 
of  sodium  bromanilate,  and  the  forms  a{100}  and  6{010}  are  very 
much  more  conchoidal  in  character.  Isolated  crystals  are  not  often 
found  owing  to  the  great  tendency  which  the  substance  has  to 
crystallise  in  aggregates  or  parallel  growths.  One  crop  of  the 
crystals  consisted  of  verj  long,  thin,  transparent  needles  which  were 
strongly  doubly  refracting,  slightly  dichroic,  and  transmitted  light 
of  a  claret-red  colour.  The  face  c{001}  always  extiibits  a  cavity  of 
the  shape  shown  in  the  figure  (Fig.  3)  ;  this  inclusion  sometimes 
extends  to  a  depth  of  2  mm.  into  the  crystal  in  the  direction  of  the 
c-axis.  The  form  p{ilO}  does  not  often  occur,  and  when  present  is 
small,  though  brilliant.  The  reflections  obtained  from  c{001}  are 
generally  poor  owing  to  the  presence  of  the  inclusion  mentioned 
above.    No  twinning  was  observed,  but  there  is  an  imperfect  cleavage 


584 


POPE:  THE  CRYSTALLINE  FORMS  OF  THE 


parallel  to  c{00L}.     Tlie  length  of  the  c-axis  is  indeterminate,  owing 
to  the  absencj  of  any  form  which  could  serve  for  its  measurement. 


Fig.  3. 


b 

010 


a 

100 


Crystalline  system. — An 

3rtbic. 

a  :  h 

:  c  =  0-8743  :  1 

:?. 

a 

=  88°  8' ; 

/3  =  89°  51  ;  7 

=  72°  30'. 

Forms  present 

Number  of 

a  ....    {100} 
6  ....    {010} 
c  ....    {001} 
p  ....    {110} 

Angles. 

observations 

Limits. 

Mean. 

Calculated 

Ip     010:110 

14 

58°    9'— 59°  23' 

59°  11' 

58°  58' 

ap     loo  :  110 

17 

48    12—48    47 

48    33 

— 

ah     100:010 

16 

72      8—72    53 

72    29 

— 

an     100:001 

18 

88    56—89    28 

89    15 

— 

ac     100  :  001 

12 

90    21—90    53 

90    36 

90    45 

he     010:001 

21 

87    29—88    IS 

87    59 

— 

Ic     010:001 

7 

91    48—92    40 

92      2 

92      1 

Sodium  Bromochloranilate,  C6BrCl(0^a)202,4H20. 

The  crystals  of  this  substance  are  very  unsatisfactory  for  gonio- 
metrical  measurement ;  consequently  the  dimensions  given  below  are 
only  approximate.  The  crystals  consist  of  small,  distorted  prisms,  dark 
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in  colour ;  when  crushed  to  powder,  they  are  found  to  be  strongly 
doubly  refracting,  and  slightly  dichroic,  like  the  crystals  of  the  two 
preceding  substances.  The  forms  a {100}  and  &{010}  are  very  con- 
choidal  in  character,  and  the  forms  m{i01}  and  c{001}  are  mostly 
practically  obliterated  by  the  cavity  shown  in  the  figure  (Fig.  4).  This 
cavity  generally  occupies  almost  the  whole  of  the  end  of  the  prism, 
leaving  merely  a  thin,  semitransparent  wall  with  jagged  edges.  The 
crystals  of  this  substance  are  much  more  brittle  than  those  of  the 
bromanilate  and  chloranilate,  and  require  great  care  in  handling.  The 


Fig.  4. 


100 


h 

010 


form  j?{110}  is  seldom  present,  but  is  very  bright,  and  gives  good 
images.  There  is  a  poor  cleavage  parallel  to  c{001}.  No  twinning 
was  observed. 

Crystalline  system. — Anorthic. 

a  :  6  :  c  =  0-888  :  1  :  0-814. 

a  =  69°  59';  ^  =  87°  3';  7  =  71°  58'. 

Forms  present — 

{100} 
{010} 


a   . . 

h   .. 
c  . . 


{001} 
{110} 
{101} 
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POPE:  THE  CRYSTALLINE  FORMS  OF  THE 


Number  of 

Angles. 

observations. 

Limits. 

Mean. 

Calculated 

bp 

010 :  no 

18 

56° 

59'— 57° 

52' 

57°  29' 

57°  33' 

ah 

ICO  :  010 

17 

69 

2—70 

4 

69    36 

— 

ap 

loo :  no 

18 

52 

34—53 

8 

52    51 

— 

am 

TOO  :  lOl 

7 

53 

14—53 

47 

53    28 

— 

mc 

lOl  :  001 

4 

46 

32  —47 

6 

46    50 

46    41 

ac 

100  :  001 

10 

79 

22-80 

24 

79    51 

— 

he 

010  :  001 

5 

67 

30-68 

2 

67    49 

— 

Doiihle  Salt  of  Sodiwm  Chloranilate  and,  Bromanilate^ 
2C6Br2(OXa)202,4H20  +  Q,CI,{01^2.\0^,4;E^0. 

Two  samples  of  this  salt  were  examined  :  the  first,  A,  being  the 
product  of  the  action  of  caustic  soda  on  paradichlorodibronioquinone, 
whilst  the  second  lot  of  crystals,  B,  was  obtained  by  simply  crystal- 
lising a  mixture  of  the  chloranilate  and  bromanilate  in  the  requisite 
proportions  from  water.  The  measurements,  as  will  be  seen  below, 
fully  prove  the  identity  of  the  products  obtained  in  these  two  ways. 
The  crystals  consist  of  large,  almost  black  prisms,  which  are  more 
brittle  than  those  of  sodium  bromanilate,  but  less  so  than  those  of  the 
chloranilate.  They  are  indistinguishable  from  the  crystals  of  sodium 
bromanilate  by  mere  outward  inspection,  but  the  measurements 
show  that  there  is  really  a  slight  difference  in  geometrical  pro- 
perties between  the  two  substances.  The  crystals  have  the  form 
shown  in  Figs.  1,  2,  and  5.     Twinning  occurs  on  p{110}  as  in  the 


Fig.  5. 
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case  of  sodmm  bromanilate.  The  forms  ajlOOj  and  6{010}  are,  in 
the  larger  crystals,  conchoidal  iu  character;  p{IlO}  is  generally  very 
bright  and  small,  but  is  frequently  absent.  The  form  m{l01}  always 
shows  the  curious  cavity  noted  in  the  crystals  of  the  preceding  salts ; 
in  this  case,  the  cavity  is  generally  larger  than  in  the  crystals  of 
sodium  bromanilate.  There  is  a  very  poor  cleavage  parallel  to  c{001}. 
This  latter  form  is  always  very  small,  but  brilliant,  and  gives  good 
reflections.  On  crushing  and  examining  the  fragments  under  the 
microscope,  the  crystals  are  seen  to  be  slightly  dichroic  and  strongly 
doubly  refracting.  The  light  transmitted  is  of  a  claret  colour. 
Crystalline  system. — Anorthi'c. 

Forms  present — 


a  ....    {100} 

h  ....    {010} 

c   {001} 

p  .....    {110} 
m {101} 

— 

a- :  h 

:  c  =  0-8825  :  I  : 

0-8163. 

oc 

=  69°  48" 

;  /3  =  87"14';  o^, 

=  72°  11'. 

Angles. 

N'umber  of 
observations 

Limits. 

Mean. 

Calculated 

hp 

010  :  110 

as 

570  i7'_57«  46' 

57°  37' 

57°  38' 

ah 

100  :  010 

37 

69    19—70      7 

69    52 

— 

ap 

100  :  110 

35 

52    16—52    56 

52    30 

— 

am 

100  :  lOl 

28 

53      3—53      8 

53      6 

— 

mc 

lOl  :  001 

19' 

46    29—46    59 

46    38 

46    49 

ac 

100  :  001 

21 

79    35—80    37 

80      5 

— 

pm 

110  :  101 

7 

53    32—54      8 

53    57 

54    13 

he 

010  :  001 

17 

67   38-67   55 

67    45 

86    58 

hm 

OIO  :  101 

9 

86    34—87      6 

86    45 

— 

hm 

010 :  101 

1 

— 

93    23 

93      2 

B:  — 


a:h:c:=  0-8825  :  1  :  0-8143. 
a  =  69^  66' ;  /3  =  ^7°  7";  7  =  72°  11'. 


Number  of 

Angles. 

observations. 

Limits. 

Mean. 

Calculated 

Ip 

010  :  IlO 

39 

57°  11'— 57° 

54' 

57°  39' 

57°  41' 

ah 

100  :  010 

37 

69    34—70' 

11 

69    51 



ap 

loo  :  IlO 

41 

52    23—52 

41 

52    28 



am 

loo  :  lOl 

25 

53      4—53 

17 

53    12 

— 

mc 

lOl  :  001 

14 

46    21—46 

59 

46    41 

46    48' 

ac 

100  :  001 

23 

79    36—80 

25 

80      0 

— 

pm 

IlO  :  lOl 

9 

53    47—54 

19 

54      2 

S4    21 

be 

010  :  001 

18 

67    41—68 

7 

67    51 

— 

hm 

OlO  :  lOl 

4 

86    28—87 

12 

86    41 

86    58 
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The  mean  axial  relations  are — 

a:h:c  =  0-8825  :  1  :  0'8153. 
a  =  69°  52' ;  ^  =  87°  10^' ;  7  =  72°  11'. 

Owing  to  the  very  distorted  habit  of  the  crystals  of  the  above  salts, 
the  constants  given  cannot  possess  very  great  accuracy.  This  is 
especially  true  in  the  cases  of  tbe  chloranilate  and  bromochloranilate, 
the  crystals  of  which  are  very  irregular,  and  but  few  measnrements 
could  be  made  owing  to  the  rare  occurrence  of  some  of  the  forms. 

The  great  similarity  between  the  dimensions  of  the  crystals  of 
sodium  bromanilate  and  those  of  the  double  salt  is  very  remarkable. 
No  similar  instance  could  be  found  amongst  organic  substances  in  a 
search  through  the  literature  of  the  last  10  years  or  so.  Among 
minerals,  the  cases  of  the  resemblance  of  alstonite  and  barytocelestine 
to  their  respective  components  are  somewhat  similar,  although 
alstonite  is  supposed  by  many  mineralogists  to  be  a  mere  isomorph- 
ous  mixture  of  barium  and  calcium  carbonates. 

It  is  worthy  of  note  that  this  molecular  compound  of  the  formula 
2C6Br3(ONa),02,4H30  +  C6Cl2(0]S'a)20„4H20  is  the  only  product 
that  can  be  obtained  from  an  aqueous  solution  of  the  brom-  and 
chlor-anilates.  Mr.  Ling  has  endeavoured  to  prepare  isomorphous 
mixtures  of  these  two  salts,  but  has  failed,  the  salts  simply  separating 
as  the  double  compound,  whilst  the  excess  of  either  constituent  is 
deposited  later. 

Another  is  thus  added  to  the  list  of  instances  of  substances  which, 
while  undoubtedly  possessing  great  analogy,  both  from  a  chemical 
and  a  crystallographical  point  of  view,  are  nevertheless  not  iso- 
morphous in  the  ordinary  sense  :  that  is  to  say,  sodium  bromanilate 
and  chloranilate  have  not  the  power,  generally  possessed  by  two 
chemically  analogous  substances,  of  crystallising  together  in  non- 
molecular  proportions. 

Chemical  Department,  Central  Institution^ 
Exhibition  Boad,  London. 
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Liy. — Halogen  Derivatives  of  Quinone.     Part  II. 

By  Arthur  E-.  Ling  and  Julian  L.  Baker. 

The  results  described  by  one  of  us  in  tlie  paper  preceding,  with 
regard  to  the  action  of  alkalis  on  para-  and  meta-dichlorodibromo- 
quinone,  led  ns  to  re-examine  the  behaviour  of  chlorotribromoquinone 
and  of  trichlorobromoquinone  towards  alkalis. 

One  of  us  showed  (Trans.,  1887,  784)  that  chlorotribromoquinone, 
when  heated  with  potassium  hydroxide  solution,  yields  chlorobrom- 
anilic  acid.  We  have,  in  one  of  our  experiments,  obtained  a  salt  by 
the  action  of  potassium  hydroxide  on  the  quinone,  which  gave 
numbers,  on  analysis,  indicating  that  it  was  potassium  chlorobrom- 
anilate  ;  but,  although  in  some  subsequent  experiments  we  followed 
the  same  conditions  as  closely  as  we  were  able,  and  in  others  varied 
them,  we  obtained,  in  every  other  case,  both  by  the  action  of  potas- 
sium and  sodium  hydroxide,  a  compound  consisting  of  chlorobrom- 
anilate  (1  mol.)  and  bromanilate  (2  mols.),  thus : — 

0  0  O 

Cli^^Br  Clf^'^OH  OH.^^Br 

>  (1  mol.)  +  (2  mols.). 

Brl      JBr  OHI      JBr  Br'^    JOH 

GO  O 

Trichlorobromoquinone,  according  to  Levy  and  Schultz  {Annalen, 
210,  163),  yields  chlorobromanilic  acid  when  treated  with  potassium 
hydroxide.  In  all  our  experiments,  however,  we  obtained  a  uniform 
product,  consisting  of  chloranilate  (1  mol.)  and  chlorobromanilate 
(2  mols.),  thus: — 

0  0  o 

Br^Cl  Oh/^C1  Br.^^OH 

I         (1  mol.)  +  (2  mols.). 

Cl'       'Cl  Cl'^^OH  OH^^Cl 

0  0  O 

We  cannot,  of  course,  say  that  Levy  and  Schultz  were  wrong,  for, 
although  the  reaction  has  been  studied  under  a  variety  of  conditions, 
we  may  not  have  been  successful  in  obtaining  those  necessary  for  the 
production  of  chlorobromanilic  acid  as  sole  product.  We  may  here 
remark  that,  according  to  the  data  we  have  collected  (see  also  Part  I), 
at  least  3  mols.  of  the  tetra-halogen  quinones  appear  to  be  simul- 
taneously concerned  in  their  interactions  with  alkalis. 

Chlorotribromoquinone. — This  compound  has  already  been  described 
VOL.  LXI.  '  2  T 
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by  one  of  ns  (Trans.,  1887,  783),  when  ifc  was  obtained  by  the  action 
of  bromine  on  dichlororthonitrophenol,  and  on  orfchochloroparabrom- 
orthonitrophenol.  It  is  prepared  by  dissolvinor  monochloroqninol 
(1  mol.)  in  glacial  acetic  acid  (10  parts)  and  dropping  bromine 
(3  mols.)  into  the  solution  heated  to  60".  After  remaining  for  some 
hours,  a  small  quantity  of  nitric  acid  may  be  advantageously  added, 
Si>ud  the  product  thrown  into  water.  The  precipitated  compound  is 
collected,  washed,  and  suspended  in  dilute  sulphuric  acid,  and  triturated 
with  potassium  dichromate  solution  to  oxidise  any  quinol  which  may 
be  present.  Chlorotribromoquinone  may  be  even  more  readily  pre- 
pared by  brominating  monochloroquinone  ;  whereas,  however,  mono- 
chloroquinol  is  obtained  with  great  ease  in  a  state  of  purity  by  passing 
hydrogen  chloride  through  a  solution  of  quinone  (10  grams)  in  dry 
chloroform.  (300  c.c.  See  Levy  and  Schultz,  Annalen^  210,  138),  its 
conversion  into  monochloroquinone  often  involves  loss.  (For  the 
oxidation  of  monochloroquinol,  see  Levy  and  Schultz,  loc.  cit.,  145.) 
Chlorotribromoquinone,  after  crystallisation  from  glacial  acetic  acid 
or  benzene,  irielts  at  292°.  The  melting  point  of  some  of  the  original 
specimen  from  the  nitrophenols  was  found  to  be  the  same.  It 
separates  from  its  solution  in  benzene  in  large,  six-sided  plates. 
Analysis  gave  the  following  results  : — 

I.  0*2726   gram  of  substance,   dried  at    100°,  gave  0*1906    gram 
CO,. 
11.  0*1860  gram  of  substance,  dried  at   100°,  gave  0*3453  gram  of 

mixed  chloride  and  bromide  of  silver. 
III.  0"2185  gram  of  substance,  dried  at   100°,  gave  0*4035  gram  of 
mixed  chloride  and  bromide  of  silver,  and  this  lost  0*0770  gram 
on  ignition  in  a  current  of  dry  chlorine. 

Found. 


Calculated.  ^ ' ^ 

CgClBrsOs-  I.  II.  III. 

C 18*97  per  cent.  1910       —  —    per  cent. 

Br/----  ^^^"^  163  24        „  _   / '^  ^^     63*35       „ 

As  mentioned  above,  in  one  experiment  we  obtained,  by  the  action 
of  potassium  hydroxide  on  chlorotribromoquinone,  as  sole  product, 
chlorobromanilic  acid.  This  was  conducted  as  follows  : — The  quinone 
was  heated  at  80°  with  a  5  per  cent,  solution  of  potassium  hydroxide. 
The  salt  was  twice  recrystallised  from  water,  and  obtained  in  dark-red 
needles.     Analysis : — 

I.  0-2012  gram  of  substance  lost  0*0195  gram  at  150°. 
II.  0*2662  gram  of  substance  lost  0*0257  gram  at  150°,  and  gave 
01248  gram  K2SO4, 


I. 

II. 

hi: 

9-70 

9-66 

—    per  cenfc« 

— 

21-01 

?> 

— 

— 

9-07       „ 

— 

— 

22-68       „ 
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III.  0'1958  gram  of  substance  gave  0*1761  gram  of  mixed  chloride 
and  bromide  of  silver,  and  tbis  lost  0'0247  gram  on  ignition 
in  a  current  of  dry  chlorine. 

Calculated.  Found. 

C6ClBr(OK)202 
+  2H2O. 

HoO 9-84  per  cent. 

K 21-34 

CI 9-71 

Br 21-88 

In  the  remaining  experiments,  which  yielded  the  compound  of 
chlorobromanilic  and  bromanilic  acid,  5  per  cent,  aqueous  alkali 
(potash  or  soda)  was  used  in  some  cases,  and  3  per  cent,  alkali  in 
others.  The  following  results  were  obtained  on  analysing  the 
salts  : — 

Sodium  Salt. — Large,  dark-red,  almost  black  prisms. 

0-2129  gram  of  substance  lost  0-0379  gram  at  150°,  and  gave  0*078 

gram  NajSOi. 

Calculated. 
C6ClBr(ONa)202,2C6Br2(ONa)202 

+  I2H2O.  Found, 

HoO 18-03  per  cent.  18*09  per  cent. 

Na 11-51        „  11-87 

Potassium  Salt. — Flat,  red  needles  ;  the  colour  of  this  salt  is  much 
lighter  than  any  of  the  other  potassium  salts  examined.     Analysis : — 

I.  0-2349  gram  of  substance  lost  0*0221  gram  at  150°,  and  gave 

0-1032  gram  K2SO4. 
II.  0*1884  gram  of  substance  gave  0-0822  gram  K2SO4. 

III.  039 11  gram  of  substance  gave  0-3579  gram  of  mixed  chloride 

and  bromide  of  silver. 

IV.  0-2907  gram  of  substance  gave  0-2627  gram  of  mixed  chloride 

and  bromide  of  silver. 

Calculated.  Found. 

C6ClBr(OK)202,2C6Br2(OK)202 


+  6H2O.  I.  II.        IIL        IV. 

H2O. ...        911  per  cent.  940        —        —  —    percent. 

K 19-73        „  19-69     19*55      —         —        „ 

^\-"     36-73        „  —         —    36-77    36*32      „ 

Sodium  chlorobromanilate  and  bromanilate  were  mixed  in  the 
requisite  proportion  to  form  this  compound,  and  twice  crystallised 
from  boiling  water.     Analysis  : — 

-2  T  2 
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0-1678  gram  of  substance  lost  0-0299  gram  at  150°,  and  gave  0-0605 
gram  Na2S04. 

Calculated. 
C6ClBr(ONa)202,2C6Br2(ONa)202 

+  I2H2O.  Found. 

H2O 18-03  per  cent.  17-81  per  cent. 

Na 11-51        „  11-67        „ 

Chlorotribromoquinol  is  prepared  by  reducing  the  quinone  with 
hjdriodic  acid  and  phosphorus ;  it  agrees  with  the  description  pre- 
viously given  by  one  of  us  {loc.  cit.),  and  melts  at  234° ;  the  diacetyl 
derivative,  however,  melts  at  275°,  and  not  at  263°,  as  stated.  We 
have  re-determined  the  melting  point  of  the  original  specimen,  and' 
found  it  to  be  273°,  so  that  the  value  263°  was,  doubtless,  a  clerical 
erroi'. 

Trichlorobromoquinone  was  prepared  by  brominating  trichloro- 
quinone  in  glacial  acetic  acid  solution  at  about  100°.  It  is  purified 
by  crystallisation  from  benzene  or  glacial  acetic  acid.  It  melts  at 
290°,  and  separates  from  its  solution  in  benzene  in  yellow,  six-sided 
plates.     Analysis  gave  the  following  results  : — 

I.  0-1016  gram  of  substance  gave  0-219  gram  of  mixed  chloride 
and  bromide  of  silver,  and  this  lost  0*0155  gram  on  ignition 
in  a  current  of  dry  chlorine. 
II.  0-162  gram  of  substance  gave  0-3404  gram  of  mixed  chloride 
and  bromide  of  silver. 


Calculated. 


Eound. 


CeCIgBrOs.  I.  XL 

CU  ^.-,0/36-66  per  cent.  37-291...  o^ 

Br  1 ^^  ^n  27-53        „  27-31 )  ^^^^  ^''  ^^"*- 

When  trichlorobromoquinone  is  treated  with  5  per  cent,  alkali,  it 
yields  the  above-mentioned  compound  of  chloranilic  and  bromanilic 
acids.  The  following  analytical  data  were  obtained  with  the  sodium 
salt : — 

The  salt  crystallises  with  10|  mols.  H2O  in  magnificent,  dark-red, 
almost  black,  prisms. 

I.  0*2249  gram  of  substance  lost  0-0413  gram  at  150°,  and  gave 

0-0926  gram  NaaSO^. 
II.  02704  gram   of  substance  lost  0-05  gram  at  150°,  and  gave 
0-1099  gram  ISTaaSOi. 

III.  0-2336  gram  of  substance  gave  0-2171  gram  of  mixed  chloride 

and  bromide  of  silver. 

IV.  0-3923  gram  of  substance  gave  0'3590  gram  of  mixed  chloride 

and  bromide  of  silver. 
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Calculated.  Found. 

C6Cl2(ONa)202,2C6ClBr(ONa).Oo    , ^ ^ 

+  lOiHoO.  '   "        I.  II.         III.  IV. 

H.O 18-32  per  cent.  18-36     18*49       —  —    per  cent. 

Na 13-30        „  13-33     13-12       —  —         „ 

^^1...     29-11        „  _        —        29-53     29-08      „ 

Sodium  chloranilate  and  cWorobromanilate  were  next  mixed  in  the 
above  proportion,  and  twice  crystallised  from  boiling  water.  The  salt 
was  similar  in  appearance  to  that  just  described.     Analysis  : — • 

I.  0-1946  gram  of   substance  lost  0-0356  gram  at  150°,  and  gave 

0-0798  gram  jSTaaSOi. 
II.  0*2906  gram  of  substance  gave  0-2663  gram  of  mixed  chloride 
and  bromide  of  silver. 

Calculated.  Found. 

C6Cl2(ONa)202,2C6ClBr(ONa)oO,  t -^ ^ 

+  lOiHgO.  I.  II. 

H2O 18-32  per  cent.  18-29       —    per  cent. 

Na 13-30        „  13-28       — 

g|.} 29-11        „  -       29-13      „ 

Trichlorobromoquionol  is  obtained  by  reducing  the  quinone  with 
hydriodic  acid  and  phosphorus.  It  crystallises  from,  benzene  in 
colourless,  flat  needles,  and  melts  at  230 — 231°  ;  Levy  and  Schultz 
(loc.  cit.)  record  229°. 

Biacetyltrichlm'obromoquinol  was  obtained  from  glacial  acetic  acid 
in  white  needles  melting  at  261 — 262°,  bat  the  following  analytical 
values,  which  are  in  agreement  with  one  another,  indicate  that  it  was 
not  pure  : — Calculated,  CI  +  Br  49*52  per  cent.  Found,  48-52  per 
cent,  and  48-39  per  cent. 


hV. — The  Hydrolytic  Functions  of  Yeast.     Part  I. 

By  James  O'Sullivan. 

Berthelot  was  the  first  to  show  that  the  hydrolysis  of  cane  sugar  by 
yeast  was  due  to  a  "  soluble  ferment  "  contained  in  the  yeast  cells,  and 
in  1860  (Compt.  rend.j  May)  he  showed  that  the  water  in  which  yeast 
was  washed  possessed  the  same  power,  and  that  the  soluble  sub- 
stance to  which  this  was  due  could  be  precipitated  by  means  of 
alcohol  from  its  solutions  without  losing  its  activity.      No   matter 
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where  one  turns  to  look  up  this  subject,  the  substance  of  Berthe- 
lot's  discovery  is  invariably  stated.  When  speaking  of  yeast  water, 
it  appears  that  those  who  have  worked  on  the  subject  have  not 
taken  into  consideration  the  condition  or  health  of  the  yeast  em- 
ployed ;  whether  the  yeast  was  alive  or  dead,  young  or  old,  seems  not 
to  have  been  considered.  Now,  knowing  as  we  do,  that  dead  or 
softened  yeast  (yeast  kept  till  it  liquefies)  readily  yields  its  invertase 
to  water,  and  that  there  must  be  stages  in  this  softening  process ;  it  is 
most  important  to  keep  in  mind  the|question  of  the  age  of  the  yeast, 
and  the  manner  in  which  it  has  been  kept,  when  we  are  dealing  with  its 
hydrolysing  power  or  that  of  its  water  extract.  There  can  be  no  doubt 
whatever  that  by  prolonged  contact  with  water,  as  already  shown  by 
Fembach  (Ann.  Inst.  Pasteu7',  9,  1890),  invertase  is  extracted  from 
yeast,  but  we  cannot  look  upon  such  extracted  yeast  as  healthy.  It 
appears  from  Fernbach's  work  that,  by  prolonged  washing  with  water, 
yeast  can  be  completely  exhausted  of  its  invertase. 

When  we  come  to  study  the  life  functions  of  yeast,  and,  I  take  it 
that  the  hydrolysing  action  is  one  of  these,  we  must  work  with  the 
yeast  as  a  living  organism  in  full  possession  of  its  well-known  life 
functions.  It  is  with  such  a  yeast  that  I  propose  to  show  in  this 
Part  I  of  my  paper  : — 

I.  That  healthy  yeast  yields  none  of  its  invertase,  or  hydrolytic 
power,  to  water  in  which  it  is  washed. 

II.  That  when  healthy  yeast  is  placed  in  contact  with  a  cane-sugar 
solution,  the  hydrolysis  that  takes  place  is  solely  an  action  "under 
the  immediate  influence  of  the  plasma  of  the  cell,"  and  that  "  no  " 
invertase  leaves  the  yeast  cell  during  the  time  that  the  hydrolysis  is 
being  effected. 

Freparation  of  Yeast. 

The  yeast  employed  in  the  following  experiments  was  collected  at 
Messrs,  Bass  and  Co.'s  Breweries  on  the  second  day  of  fermentation. 
Every  cell  of  this  yeast  possessed  all  the  visual  appearances  which  an 
experienced  observer  of  yeasts  associates  with  young  and  healthy 
yeast.  What  I  mean  by  healthy,  in  the  sense  in  which  I  wish  to 
have  it  understood,  is  a  yeast  capable  of  growing  and  performing  the 
ordinary  technical  requirements  in  an  efficient  manner  under  the 
usual  technical  conditions. 

A  quantity  of  liquid  yeast  was  mixed  with  a  large  bulk  of  distilled 
water,  and  after  allowing  the  mixture  to  stand  for  5 — 10  minutes, 
the  top  portion  was  decanted  off  from  the  heavier  or  more  quickly 
subsiding  part.  This  operation  was  repeated  three  or  four  times, 
each  time  neglecting  the  more  rapidly  subsiding  deposit  which  con- 
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tains  other  matters  than  yeast.  The  supernatant  liquid  with  the 
yeast  in  suspension  was  then  filtered  through  a  linen  towel,  and  the 
yeast  left  on  the  towel  was  freed  as  much  as  possible  from  water  by 
gentle  pressure.  Yeast  thus  prepared  was  found  to  contain  about 
25  per  cent,  of  dry  substance,  of  which  from  55  to  60  per  cent,  is 
albumin  if  calculated  from  the  nitrogen  found  by  multiplying  by 
6'25.  That  yeast  does  not  contain  this  amount  of  albumin  there  can 
be  no  question. 

It  may  appear  at  first  sight  that  there  would  be  very  little  difficulty 
in  ascertaining,  one  way  or  the  other,  whether  j^east  gave  up  its 
invertase  or  hydrolysing  substance  to  water  or  to  a  cane  sugar  solu- 
tion ;  on  investigating  this  question,  however,  it  was  found  to  be  not 
as  easy  as  it  appeared  at  first  sight. 

The  first  step  was  to  filter  out  the  yeast  so  that  the  water  extract 
or  filtrate  could  be  tested  for  hydrolytic  power.  Filtering  through  a 
number  of  filter  papers  did  not  remove  the  yeast  cells.  On  adding 
aluminium  hydrate  to  the  mixture  of  yeast  and  water  and  well  shaking, 
a  filtrate  was  invariably  obtained  which  was  absolutely  bright  and 
free  from  yeast,  and  similar  filtrates  were  obtained  when  a  trace  of 
finings  or  plaster  of  Paris  was  employed.  For  reasons  which  I  shall 
now  refer  to,  the  addition  of  these  substances  to  the  yeast  and  water, 
or  to  the  yeast  and  sugar  solution,  had  to  be  abandoned. 

Before  any  substance  could  be  used  to  "  catch  up  "  the  yeast  cells 
in  order  to  prevent  them  going  through  the  filter  paper,  it  was  neces- 
sary first  to  prove  that,  if  invertase  were  present,  no  matter  how 
small  the  quantity,  the  substance  used  in  the  filtration  had  no  influence 
on  the  invertase.  I  was  compelled  to  decide  this  question  from 
the  fact  that  when  any  yeast,  no  matter  how  obtained,  was  suspended 
in  water,  or  in  a  cane  sugar  solution  in  which  partial  inversion  was 
allowed  to  take  place,  and  aluminium  hydrate  was  employed  in 
filtering  the  yeast,  the  filtrates  thus  obtained  invariably  showed  no 
evidence  of  the  power  of  invertase.  This,  considering  that  the  yeast 
employed  in"  my  earlier  experiments  was  of  various  ages,  and  from 
different  sources,  was,  I  thought,  too  conclusive  as  to  the  yeast  not 
parting  with  its  invertase. 

That  aluminium  hydrate,  gypsum,  and  finings,  the  substances 
I  first  employed  to  catch  up  the  yeast  cells,  have  a  retarding  influence 
on  the  hydrolytic  action  of  invertase  will  be  clearly  seen  from  the 
following  experiments. 

The  aluminium  hydrate  used  was  prepared  by  precipitating  alum 
with  ammonia  and  washing  the  precipitate,  first  by  decantation,  and 
then  on  a  filter,  until  the  washings  gave  no  reaction  for  sulphuric  acid, 
and  only  gave  the  faintest  indication  of  ammonia  with  Nessler's  re- 
agent.    This  washing  process  takes  many  days. 
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Betarding  Influmce  of  Aluminium  Hydrate. — 5  grams  of  cane  sugar 
were  dissolved  in  water  and  02  c.c.  of  an  invertase  solution  was 
added,  then  the  solution  was  made  up  to  100  c.c. 

a.  To  50  c.c.  of  this  solution  O'l  c.c.  of  decinormal  sulphuric  acid 
was  added.  This  was  halved,  and  to  one-half  (c)  a  little  aluminium 
hydrate  was  added,  and  after  mixing  well,  it  was  filtered  ;  the  other 
half  (d)  was  simply  filtered. 

h.  The  unacidified  50  c.c.  was  halved  in  the  same  way  as  "  a  "  and 
the  halves  ''  e  "  and  "/"  treated  like  "  c  "  and  "  cZ." 

These  filtrates  were  laid  aside  under  the  same  conditions  in  a  cool 
place  for  24  hours,  and  the  optical  activities  of  the  solutions  were  then 
observed  to  be  as  follows  : — 


c.  200  mm.  tube 

=    10-2  divs. 

d.         „           „ 

=  -4-6     „ 

^-          5>            >j 

=    14-0     „ 

/.          „ 

=  -4-6     „ 

Original  5  per  cent,  solution  =     19'2     ,, 

To  100  c.c.  of  cane  sugar  solution  sp.  gr.  1019'4,  and  having  an 
opticity,  100  mm.  tube  (Soleil-Yentzke-Scheibler  being  the  polariscope 
employed),  96  divs.,  a  few  drops  of  invertase  solution  was  added,  and 
after  well  mixing,  the  solution  was  halved. 

a.  To  50  c.c.  a  little  aluminium  hydrate  was  added,  and  after  agita- 
tion, the  solution  was  filtered. 

h.  The  remaining  50  c.c.  was  simply  filtered.  Both  filtrates  were 
laid  aside  as  before  for  24  hours,  and  the  opticities  of  the  solutions 
were  then  observed  to  be  as  follows  : — 

a.  100  mm.  tube  =       9'2  divs. 

b.  „  „      =  -2-9     „ 

Betarding  Influence  of  Finings. — To  25  c.c.  of  a  4  per  cent,  cane 
sugar  solution,  one  drop  of  the  same  invertase  was  added,  and  the 
solution,  after  well  mixing,  was  halved. 

a.  One-half  had  added  to  it  one  drop  of  finings,  and  after  well 
agitating,  it  was  filtered. 

h.  The  remaining  half  w^as  simply  filtered.  Both  filtrates  were  laid 
aside  as  before  for  23  hours,  and  the  opticities  were  then  observed  to 
be  as  follows  : — 

a.  100  mm.  tube  =  7*8  divs. 

b.  „  „  =  5-4     „ 
Original  4  per  cent,  solution  =  7'7     ,, 

Betarding  Influence  of  Plaster  of  Paris. — This  experiment  was  per- 
formed exactly  as  in  the  case  of  finings,  only  more  sugar  and  less 
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invertase  was  added,  and  after  20  hours,  tlie  opticities  of  the  solutions 
were  as  follows  : — 

a.   100  mm.  tube  =  12-5  divs. 
h.  „  „      =11-0     „ 

It  is  not  necessary  in  these  experiments  to  calculate  the  amounts  of 
oane  sugar  inverted  under  the  condition  mentioned,  it  suffices  for  the 
object  of  the  experiments  to  compare  the  opticities  obtained  in  each  con- 
dition. It  will  be  readily  seen  that  in  the  four  experiments  where  the 
solution  of  cane  sugar  containing  the  invertase  had  neither  aluminium 
hydrate,  finings,  nor  plaster  of  Paris  added  to  it,  there  was  a  greater 
inversion,  as  shown  by  the  fall  in  the  opticity.  It  will  also  be  seen 
that  in  the  case  of  the  acidified  cane  sugar  solution,  the  retarding  in- 
fluence of  the  aluminium  hydrate  is  not  so  marked  as  in  the  neutral 
solution. 

The  amount  of  aluminium  hydrate  employed  in  the  above  experi- 
ments, when  dry,  would  not  weigh  more  than  0'03  to  005  gram. 

The  pulp  of  Swedish  filter-paper  was  found  to  have  no  influence  on 
the  hydrolytic  action  of  invertase.  About  2  grams  of  cane  sugar 
were  dissolved  in  25  to  30  c.c.  of  water.  The  opticity  of  the  solution 
was  100  mm.  =  16*2  divs.  The  whole  of  this  solution  was  inoculated, 
if  I  may  so  use  the  word,  with  four  dips  of  a  pin's  point  of  invertase 
solution.  The  pin,  1  inch  long,  was  dipped  into  the  invertase  solu- 
tion and  then  into  the  sugar  solution,  this  being  repeated  four  times. 
The  solution  was  now  divided,  and  to  one-half  (a)  a  pellet  of  paper 
pulp  was  added,  and,  after  well  shaking,  this  and  (6)  the  remaining 
half,  were  filtered.  The  filtrates,  after  24  hours  at  16 — 17°,  were 
found  to  have  absolutely  the  same  opticities  :  100  mm.  =  12"1  divs. 

To  50  c.c.  of  a  5  per  cent,  sugar  solution,  0*1  c.c.  decinormal  sulph- 
uric acid  was  added,  and  0'2  c.c.  of  the  invertase  solution.  To  one- 
half  of  this  solution  a  pellet  of  paper  pulp  was  added,  and  this,  after 
well  agitating,  was  filtered  ;  the  other  half  was  simply  filtered.  The 
opticities  of  these  filtrates  were  found  to  be  the  same  at  the  expira- 
tion of  24  hours  :   100  mm.  =  4  divs. 

As  the  paper  pulp,  besides  having  no  influence  on  the  hydrolytic 
action  of  invertase,  was  found  to  effectually  remove  yeast  cells  from 
solutions  in  which  they  were  suspended,  a  stock  of  pulp  was  pre- 
pared for  use  in  the  following  manner  : — Some  Swedish  filter-paper 
was  torn  into  small  pieces,  which  were  put  into  a  wide-mouthed 
stoppered  bottle ;  the  bottle  was  half  filled  wdth  distilled  water,  and 
the  contents  well  agitated,  in  order  to  reduce  the  paper  to  a  pulp. 

The  method  adopted  in  all  the  experiments,  which  I  shall  describe 
in  detail,  to  filter  out  the  yeast,  was  as  follows  : — 

When  at  any  time   a  filtrate,  free  from  yeast,  was  required  from 
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any  solution  in  which  yeast  was  suspended,  a  little  of  the  pulp,  pre- 
viously dried  as  much  as  possible  by  pressing  in  a  towel,  was  added 
to  the  liquid,  and,  after  well  shaking,  it  was  filtered  through  three 
small  filter-papers. 

I  would  have  the  reader  of  this  part  of  my  work  not  to  pay  much 
attention  to  the  quantitative  expression  of  the  hydrolytic  power,  but 
simply  to  the  presence  or  absence  of  that  power  in  the  filtrates.  The 
quantitative  expression  of  the  hydrolytic  power  will  be  fully  dealt 
with  in  Part  II. 

I. — A.  Series  of  Expe^-iments. 

To  300  c.c.  of  cold  water,  which  had  been  previously  boiled,  0*5 
gram  of  yeast  was  added  and  thoroughly  mixed. 

a.  To  100  c.c.  of  this  yeast  mixture  20  grams  of  finely  pulverised 
cane  sugar  were  added. 

b.  To  another  100  c.c.  10  grams  of  sugar  were  added. 

c.  To  the  remaining  100  c.c.  5  grams  of  sugar  were  added. 
When  the  sugar  was  dissolved  in  all  three  solutions,  the  yeast  cells 
were    counted   in  the   manner  devised  by   Peterson   (Meddelser  fro, 
Carlsherg  Lahoratoriet,  Hefte  1)  by  means  of  a  haematimeter,    and 
they  were  found  to  be  per  volume  of  1/4000  c.mm.  for 

a 1*5    cells. 

h 1-71     „ 

c   1*65     „ 

d.  2  grama  of  the  same  yeast,  and  at  the  same  time,  were  mixed  in 
water,  and  the  mixture  was  made  up  to  about  25  c.c.  After  stand- 
ing for  20  hours,  this  mixture  was  made  up  to  100  c.c.  and  filtered. 
To  10  c.c.  of  the  filtrate  (representing  0*2  gram  of  yeast)  in  100  c.c. 
measure  about  50  to  60  c.c.  of  a  solution,  containing  10  grams  of 
sugar,  were  added,  and  the  solution  made  up  to  100  c.c.  After  four 
days,  the  total  amount  of  inversion  in  this  solution  was  only  0*15  gram 
of  cane  sugar  in  the  100  c.c. 

A ,  6,  and  c  experiments  were  allowed  to  stand  for  20  hours,  and 
then  the  cells  were  counted  in  the  standard  volilme  as  at  the  start, 
and  they  were  for 

a. 1-7  cells. 

h 1-6     „ 

c 1-8     „ 

The  countings  were  made  in  order  to  see  if,  during  the  progress  of 
the  inversion,  any  increase  in  the  number  of  the  cells  had  taken  place; 
however,  a  most  casual  microscopic  observation  showed  ftiat  they  did 
not  increase,  and  that  there  were  no  budding  cells. 
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The  solutions  were  now  made  up  to  150  c.c,  and  the  alcohol  pro- 
duced in  100  c.c.  of  each  determined  ;  the  remainin^^  50  c.c.  being  used 
for  an  optical  observation.  The  sp.  gr.  of  the  alcohol  obtained  from 
the  three  solutions  was  the  same ;  the  distillate  made  up  to  100  c.c.  at 
15" 5°  had  a  sp.  gr.  of  99986  =  0*46  of  gravity  lost  by  fermentation^ 
or  0*119  gram  in  the  20  hours.  The  sp.  gr.  of  the  residues,  when 
made  up  to  100  c.c.  at  15*5,  were:  for  a,  1051*95;  b,  1026'17;  and 
for  c,  1012*93.  Calculated  from  the  loss  in  opticity  of  the  solutions^ 
allowance  being  made  for  the  amount  fermented  on  the  150  c.c.  of 
solution,  and  calculating  this  as  dextrose,  the  quantities  of  cane 
sugar  inverted  in  the  20  hours  were  :  for  a,  11*63  grams ;  h,  7*8  grams  ; 
and  for  c,  4!'35  grams.  To  bring  about  these  quantities  of  inversion 
in  20  hours,  we  have  only  0*16  gram  of  yeast  for  each  quantity^ 
whilst  the  extract,  after  20  hours  contact  of  0*2  gram  of  the  same 
yeast  in  d,  after  four  days  only  inverted  0*15  gram  of  sugar. 

I. — B.   Series  of  Experiments. 

40  grams  of  cane  sugar  were  dissolved  in  cold,  but  recently  boiled, 
water,  and  the  solution  was  made  up  to  100  c.c. 

0*4  gram  of  yeast  was  well  mixed  in  about  25  c.c.  of  water,  and 
then  made  up  to  100  c.c.(/).  This  solution  was  allowed  to  stand  for 
30  minutes,  and,  after  well  shaking, 

a.  50  c.c.  of  it  were  added  to  50  c.c.  of  the  40  per  cent,  sugar 
solution. 

h.  To  about  15  c.c.  of  the  suspended  yeast,  and  at  the  same  time  as 
"  a,"  a  pellet  of  pulp  was  added  and  the  mixture  filtered.  To 
8  c.c.  of  this  clear  and  yeast-free  filtrate  in  a  narrow,  graduated 
test  tube,  8  c.c.  of  the  cane  sugar  solution  were  added. 

These  solutions,  together  with  the  remaining  portion  of  the  sus- 
pended yeast  (/),  were  put  aside  in  a  water-bath,  in  which  the  water 
was  kept  running,  at  a  temperature  of  16 — 17°. 

At  the  same  time  as  these  solutions  were  laid  aside,  8  c.c.  of  water 
were  added  to  8  c.c.  of  the  sugar  solution,  and  the  opticity  of  this 
solution  was  found  to  be  100  mm.  =  38*4  divs.  This,  then,  is  the 
opticity  of  a  and  h  at  the  start  of  the  experiment. 

After  the  digestion  had  gone  on  for  266  minutes,  about  25  c.c.  of 
"  a  "  were  filtered,  and  its  opticity  and  also  that  of  "  6  "  were  observed. 

a.  100  mm.  =  31*6  divs. 

h.  „        =38*5     „ 

1)  was  found  to  have  no  cupric  reducing  power. 
The  filtrates,  after  observation,  were  laid  aside  for  48  hours  in  the 
bath,  and  their  opticities,  after  that  time,  were  found  to  be  unaltered. 
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From  this  it  will  be  seen  that,  with  the  yeast  ia  contact  in  a,  the  in- 
version which  had  taken  place  in  the  266  minutes  ceases  when  the 
yeast  is  filtered  out,  and  that  in  the  b  there  is  no  inversion  whatever. 

c.  8  CO.  of  the  filtrate  from  a  at  the  266  minutes  were  raised  to 
boiling,  and,  after  cooling  to  15*5°,  the  solution  was  made  up  to  8  c.c. 
and  to  this,  8  c.c.  of  the  filtrate  from  a  portion  of  the  suspended  yeast 
(/)  (266  minutes  in  contact  with  water)  were  added.  The  opticity 
of  this  solution  was  found  to  be  100  mm.  =  lo-7  divs. 

d.  To  another  8  c.c.  of  the  filtrate  from  a  (266  minutes),  8  c.c.  of 
water  were  added. 

e.  To  8  c.c.  of  the  sugar  solution,  8  c.c.  of  the  filtrate  from  the 
yeast  (/),  as  at  c,  were  added. 

The  solutions  c,  d,  and  e  were  laid  aside  in  the  bath,  and  their 
•opticities  were  observed  after  a  lapse  of  24  and  48  hours,  and  were 
found  to  be  : — 

c.  100  ram.  =  15v  divs. 

d.  „       =  15-6     „ 

e.  „       =  38-6     „ 

Or  neither  of  these  solutions  contained  inverfcase,  or  hydrolytic 
power,  as  there  was  no  diminution  in  the  original  opticity. 

The  opticity  of  "  a  "  after  23  hours  digestion  was  foand  to  be 
100  mm.  =  6*5  divs.,  or  32  divisions  lost,  which  is  equal  to  12*35  grams 
of  sugar  inverted. 

In  23  hours  there  were  12*35  grams  of  sugar  inverted  by  the  yeast 
in  contact,  whilst  the  water  which  had  been  in  contact  with  the  same 
proportional  quantity  of  yeast  for  266  minutes  had  not  the  slightest 
hydrolytic  power  on  either  the  partially  inverted  sugar  or  upon  the 
•original  cane  sugar. 

The  yeast  cells  in  a  and  also  in  the  remaining  portion  (/)  of  the 
yeast  suspended  in  M^ater  were  counted  per  volume  as  before,  after 
the  23  hours  contact,  and  they  were  found  to  be,  for — 

a.  2*0  cells  per  volume. 
/•  3'8     „  „ 

It  is  not  necessary  to  mention  that  whenever  a  quantity  of  either  a 
■or  /  solution  was  removed,  it  was  first  well  agitated  so  as  to  insure 
a  thorough  mixture  of  the  yeast. 

The  alcohol  produced  in  a  in  the  23  hours  was  estimated  by  distil- 
ling 50  c.c.  and  taking  a  careful  specific  gravity,  in  a  500-grain  bottle, 
of  the  distillate  after  making  up  to  50  c.c.  at  15*5°.  This  weighed 
499'97  grains,  or  may  be  safely  said  to  contain  no  alcohol. 

When  the  solutions  c,  d,  and  e  had  stood  for  48  hours  and  showed 
no  alteration  in  their  opticities,  they  were  each  inoculated  with  as 


O'SULLIVAN:   THE   HYDROLYTIC   FUNCTIONS   OF   YEAST.      601 

mncli  of  a  solntion  of  invertase  as  covered  the  surface  of  half  an  inch 
of  the  point  of  a  small  brass  pin.  The  point  of  the  pin  was  first 
dipped  into  the  invertase  solution  and  then  into  the  respective  solu- 
tions. These,  after  inoculation,  were  laid  aside  for  24  hours,  and  then 
their  opticities  were  found  to  be  : — 


c.  100  mm.  =  13-5  divs. 

d.  „        =  12-7     „ 

e.  „        =  37*0     „ 


This  shows  that  the  solutions  were  capable  of  being  inverted  if 
only  a  trace  of  invertase  were  present. 

I. — C.   Series  of  Experiments. 

A  40  per  cent,  solution  of  cane  sugar  was  made  as  before,  and 
0*8  gram  of  yeast  was  treated  as  in  B,  series  (/). 

a.  To  8  c.c.  of  a  clear  and  yeast- free  filtrate,  obtained  as  at  h  series, 
8  c.c.  of  the  40  per  cent,  cane  sugar  solution  were  added. 

h.  50  c.c.  of  the  suspended  yeast  were  added  to  50  c.c.  of  the  sugar 
solution. 

a  and  b  solutions  and  the  remaining  quantity  of  the  suspended 
yeast  were  laid  aside  in  a  cold  water-bath. 

After  17  hours  about  12  c.c.  of  h  was  filtered  and  the  opticities  of 
this  and  a  were  found  to  be  : — 

a.  100  mm.  =  38'2  divs. 
h.  „        =    3-6     „ 

These  solutions,  after  observation,  were  laid  aside  for  48  hours,  and 
were  found  not  to  have  altered  in  their  opticities. 

The  alcohol  was  determined  in  b  at  the  17  hours  digestion  period, 
and  the  amount  fermented  per  100  c.c,  calculated  from  the  alcohol, 
was  only  O'l  gram. 

When  the  remaining  portion  of  the  suspended  yeast  (/)  had  stood 
for  17  hours  in  contact  with  water,  about  12  c.c.  were  filtered, 

c.  To  8  c.c.  of  this  filtrate,  8  c.c.  of  the  40  per  cent,  cane  sugar  were 
added. 

d.  To  8  c.c.  of  the  suspended  yeast  (/),  17  hours  contact,  8  c.c.  of 
the  40  per  cent,  cane  sugar  were  added. 

These  solutions,  after  24  hours  digestion,  gave  the  following 
opticities : — 

c.  100  mm.  =  38-0  divs. 

d.  „        =    1-6     „ 

When  the  suspended  yeast  (/)  had  been  in  contact  with  the  water 
for  two  days. 
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e.  8  c.c.  of  a  filtrate  from  it  were  added  to  8  c.c.  of  the  40  per  cen  t. 
fiugar  solution  ;  and 

g.  8  c.c.  with  the  yeast  in  suspension  were  added  to  8  c.c.  of  the 
sugar  solution. 

These  were  laid  aside  in  the  water-bath  for  24  hours,  and  then  their 
opticities  were  found  to  be  : — 

e.  100  mm.  =    38-0  divs. 

Here  we  have  an  inversion  calculated  per  100  c.c.  in  the  case  of  ^, 
in  which  the  yeast  had  been  in  contact  with  water  for  two  days,  of 
13"8  grams  of  sugar,  whilst  in  e,  with  the  water  extract  from  the  same 
proportion  of  yeast,  two  days  contact,  we  get  only  0*15  gram  of  in- 
version per  100  c.c. 

II. — D.  Series  of  Experiments. 

a.  20  grams  of  sugar  were  dissolved  in  water  and  the  solution  made 
Tip  to  100  c.c.  at  15*5°.  This  solution  was  poured  into  a  conical  measure- 
glass  and  0"8  gram  of  yeast  was  added.  A  current  of  air  was  passed 
through  the  solution  to  keep  it  agitated,  and  after  47  miuutes  diges- 
tion, about  20  c.c.  were  removed  and  roughly  divided  in  two.  One 
portion  was  simply  filtered,  the  filtrate  being  received  in  a  small 
beaker,  the  other  was  filtered,  but  the  filtrate  was  received  in  a  small 
beaker  containing  a  drop  of  strong  potash.  Fifteen  minutes  after 
filtration,  the  opticity  of  the  filtrate  containing  potash  was  found  to 
be 

100  mm.  =  32-0  divs. 

The  filtrate  obtained  without  potash,  and  observed  24  hours  later, 
was  found  to  have  absolutely  the  same  opticity. 

This  experiment,  filtering  with  and  without  potash,  was  repeated 
when  the  digestion  had  gone  on  for  242  minutes,  and  the  opticity  of 
the  filtrates  observed,  as  before,  were  found  to  be  the  same — • 

100  mm.  =  12-2  divs. 

There  was  not  a  trace  of  alcohol  in  the  whole  of  the  remaining 
portion  of  the  solution  after  the  242  minutes  digestion. 

h.  10  grams  of  sugar  were  treated  as  in  a  experiment,  and  optical 
observations  were  made  in  the  same  way  after  one  hour  and  two  hours 
digestion : — 

1  hour,  100  mm.  =  4*8  divs. 

2  hours,         „         =  1*7     „ 

The  opticities  of  the  filtrates  without  potash  were  found  to  be^the 
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same  as  those  in  which  potash  was  used,  although  they  were  allowed 
to  stand  for  48  hours. 

There  was  not  a  trace  of  alcohol  in  the  remaining  portion  of  the 
solution  after  two  hours  digestion. 

c.  Another  10  per  cent,  sugar  solution  employing  0*4  gram  of  yeast 
was  treated  as  in  a  and  6,  and  optical  observations  of  the  filtrates  at 
one,  two,  and  six  hours  digestion  were  made  as  before,  with  the  fol- 
lowing results  : — 

1  hour,  100  mm.  =     138  divs. 

2  hours,  „         =       9  6     „ 
6       „            ,,        =  —1*3     „ 

The  filtrates  obtained  withoafc  potash  were  found  to  have  the  same 
opticities  as  those  with  it,  although  they  were  allowed  to  stand  for 
24  hours  before  the  observation  was  made. 

At  the  sixth  hour  the  solution  contained  no  alcohol. 

The  experiments  given  here  are  only  some  of  those  that  were 
made  in  order  to  decide  the  question  whether  invertase  left  the 
healthy  yeast  cell  when  it  inverted  cane  sugar,  or  when  it  was  placed 
in  contact  with  water  for  a  reasonable  time;  many  more  were  made, 
and  all  showed  distinctly  that  it  does  not.  As  I  shall  have  occasion 
to  refer  to  this  again  in  Part  II,  it  is  needless  to  add  further  proof 
by  way  of  experiment. 

I  have  never  seen  a  filtrate  from  a  cane  sugar  solution — 5  to  25 
per  cent. — undergoing  inversion  with  yeast  under  the  conditions 
mentioned,  that  showed  any  definite  evidence  of  the  presence  of  in- 
vertase ;  a  loss,  after  filtration,  in  the  opticity  of  a  filtrate  from  a 
solution  of  sugar  undergoing  inversion  being  taken  as  an  index  of  the 
presence  of  invertase,  and  no  loss  an  index  of  its  absence.  If  ever  a 
loss  in  opticity  in  a  filtrate  after  filtration  was  observed,  and  this  was 
not  often,  the  reason  was  invariably  accounted  for  by  the  presence  of 
yeast  cells  in  the  filtrate. 

I  shall  not  go  farther  back  for  numbers  than  those  in  the  last- 
mentioned  experiment  c  (D  series),  to  show  that  the  hydrolytic  action 
of  yeast  is  solely  a  contact  action,  or,  rather,  that  it  is  an  action 
performed  under  the  immediate  influence  of  the  plasma  of  the  cell. 

In  a  100  mm.  tube  of  a  Soleil-Ventske-Scheibler  polariscope, 
10  grams  of  cane  sugar  in  100  c.c.  of  solution  gives  a  rotation  of 
192  divisions,  and  10*526  grams  of  invert  sugar  a  rotation  of  —6' 7 
divisions,  or  10  grams  of  cane  sugar,  after  complete  inversion,  yield- 
ing 10*526  grams  invert  sugar,  will  show  a  loss  in  opticity,  the  volume 
of  solution  being  kept  constant,  of  25*9  divisions,  therefore,  the  loss  in 
opticity  per  100  c.c.  of  a  cane  sugar  solution,  inverted  either  partially 
or  completely  by  yeast,  divided  by  259 — the   100  mm,  tube   being 
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used — will  give,  in  grams,  tlie  amount  of  cane-sugar  which  has  been 
inverted. 

The  quantities  of  cane  sugar  inverted  in  C,  calculated  from  the  los» 
in  opticity,  are  for — 

1  hour 2*08  grams. 

2  hours 3-70 

6      „     7-91        „ 

Here  are  7'91  grams  of  sugar  inverted  in  6  hours,  and  yet  no  inver- 
tase  was  observed  to  be  present  in  the  filtrate  at  either  period  of  the 
inversion. 

Although  I  show  that  when  yeast  has  been  in  contact  with  cane 
sugar  there  is  no  evidence  of  invertase  leaving  the  cell  during  the 
progress  of  hydrolysis,  yet  that  inactive  nitrogenous  matter,  to  a 
small  extent,  leaves  the  cell  will  be  seen  from  the  following  experi- 
ments : — 

To  100  c.c.  of  a  20  per  cent,  sugar  solution,  1  gram  of  yeast  was 
added,  and  the  inversion  conducted  as  in  D  series.  When  the  inver- 
sion had  gone  on  for  two  hours  (5-6  grams  inverted),  the  yeast  was 
filtered  out.  50  c.c.  of  the  filtrate  were  then  evaporated  to  dryness, 
the  nitrogen  in  the  residue  determined  by  Kjeldahl's  method.  Cal- 
culated as  albumin,  the  nitrogen  found  amounted  to  0*0109  gram  on 
the  100  c.c.  (1  gram  of  yeast).  The  dry  substance  in  1  gram  of  the 
same  yeast  was  found  to  be  0'2247  gram,  and  the  albumin  contained 
in  this  amounted  to  0'132  gram  (58" 7  per  cent.).  0*0109  gram  having 
gone  into  solution,  is  equal  to  802  per  cent,  of  the  total  nitrogenous 
matter  of  the  yeast. 

This  experiment  was  repeated,  employing  a  30  per  cent,  sugar 
solution  and  2  grams  of  yeast,  and  the  albumin  was  determined  in 
the  filtrate  when  the  inversion  had  gone  on  for  six  hours  (21*1  grams 
inverted),  and  it  amounted  to  0'012  gram  for  the  2  grams  of  yeast. 
The  filtrates  from  these  two  experiments,  at  the  stages  of  inversion 
mentioned,  were  put  aside  for  24  hours,  and  their  opticities  were 
found  to  remain  unaltered,  no  loss  in  opticity  having  occurred  after 
filtration.  Had  these  small  quantities  of  nitrogenous  matter  been 
invertase,  or  the  matter  to  which  yeast  owes  its  activity,  it  is  needless 
to  say  there  would  have  been  a  further  diminution  in  the  opticities  of 
the  filtrates. 

The  following  are  the  points  which  I  consider  I  have  established  in 
these  experiments : — 

1.  Healthy  yeast  yields  none  of  its  invertase,  or  hydrolytic  agent, 
to  water  in  which  it  is  washed. 

2.  When  healthy  yeast  is  placed  in  contact  with  a  cane  sugar  solu- 
tion,   the   hydrolytic   action   that   takes   place    is    an   action    solely 
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occnrring  "  under  the   immediate   influence   of   the   plasma   of   the 
cell." 

3.  The  hydroljtic  action  of  yeast  on  cane  sugar  takes  place  with- 
out increase  of  yeast,  and  there  is  no  alcohol  formed. 

These  points  will  be  again  referred  to  in  Part  II. 

4.  The  hydrolysis  of  cane  sugar,  under  the  influence  of  yeast,  is  a 
case  of  zymic  hydrolysis. 

The  word  zymic,  here  used  with  reference  to  the  hydrolytic  action 
of  yeast,  is  taken  from  Dr.  Armstrong,  who  was  the  first  to  advocate 
this  mode  of  expression  (Trans.,  1890,  57,  530). 


LVI. — Corydaliiie.     Part  IT. 


By  James  J.  Dobbie,  M.A,,  D.Sc,  and  Alexander  Lauder, 
University  College  of  Nortk  Wales,  Bangor. 

Since  the  publication  of  our  first  paper  on  corydaline  (Trans.,  1802, 
244),  our  attention  has  been  directed  to  the  work  of  F.  Adermann  on 
this  subject  (Inaug.  Dissert..^  Dorpat,  1890;  Ghem.  Gentr.j  1891,  i, 
978—979  ;  Abstr.,  1891,  1266).  Adermann  extracted  the  dried  roots 
of  Corydalis  cava*  with  alcohol,  and  obtained  an  acid  solution  from 
which  he  separated  three  bases  bj  successive  treatment  with  light 
petroleum,  benzene,  and  chloroform. 

The  base  obtained  from  the  benzene  solution,  which  Adermann 
designates  A,  is  present  in  largest  quantity,  and  is,  unquestionably, 
identical  with  the  corydaline  which  we  are  engaged  in  investigating, 
although  Adermann  assigns  to  it  a  formula  differing  from  that  pro- 
posed by  us.  The  identity  of  the  two  substances  will  be  apparent 
from  the  following  comparison.  Their  behaviour  towards  solvents  is 
identical.  Both  are  dextrorotatory;  a  1  per  cent,  alcoholic  solution 
of  Adermann's  base  A  rotating  the  plane  of  polarised  light  4"  45', 
whilst  a  solution  of  corydaline  of  the  same  strength  gives  a  rotation 
of  5"  50'.  The  influence  of  light  and  heat  on  both  substances  is  the 
same,  and  Adermann  has  come  to  the  conclusion,  at  which  we  also 
arrived,  that  the  colouring  matter  formed  by  the  action  of  light  or 
heat  is  a  decomposition  product  of  the  alkaloid.  The  melting  point 
of  Adermann's  base  A  is  138°;  that  of  corydaline,  1345°.     The  fol- 

*  Corydalis  cava  is  the  same  species  as  that  from  which  the  alkaloid  sxipplied  to 
us  by  Schucliardfc  was  extracted.  We  referred  to  it  in  our  first  paper  under  the 
synonym  C.  tuberosa, 
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lowing  is  a  comparison  of  tlie  analyses  of  the  bases  and  their  platino- 
chlorides  with  the  numbers  required  by  our  formula  : — 


Theory  for 

Aderraatin's 

Corydaline. 

C2,Il29N04. 

base  A, 

Mean  result  of 

Formula  proposed 

Mean  result  of 

Dobbie  and 

by  Dobbie 

two  analyses.* 

Lauder's  analyses. 

and  Lauder. 

Carbon 

=   71-28  p.  c. 

71-37  p.  c. 

71  16  p.  c. 

Hydrogen 

=     7-07     „ 

7-7rJ     „ 

7-81     „ 

Nitrogen 

=     4-15     „ 

3-82     „ 

3-78    „ 

Oxygen 

=  17-50     „ 

17-05     „ 

17-25     „ 

10000 


100-00 


100-00 


Platinochloride. 

Theory  for 
Adermann.  Dobbie  and  Lauder.        C22H29N04,H2PtCl6. 

Platinum  =  17-75  p.  c.  16-93  p.  c.  16-93  p.  c. 

Further  confirmation  of  the  identity  of  the  two  substances  is 
afforded  by  the  difficulty  of  obtaining  the  common  salts  in  the  crys- 
talline condition.  Solutions  of  the  chlorhydrideand  sulphate  become 
gummy  on  evaporation,  and  crystals  can  only  be  obtained  with  great 
difficulty.  Adermann's  iodhydride  and  platinochloride  resemble  in 
all  particulars  the  salts  already  described  by  us. 

Whilst  there  cannot  be  any  doubt  as  to  the  identity  of  our  coryd- 
aline with  Adermann's  base  A,  we  believe  that  Adermann  is  in  error 
in  identifying  his  alkaloid  with  hydroberberine,  or  even  in  supposing 
any  close  connection  to  exist  between  the  two.  Even  taking  into 
account  the  thiid  determination  of  carbon  and  hydrogen  given  by 
Adermann,  which  we  discarded  in  comparing  the  two  alkaloids,  the 
mean  results  of  his  analyses  agree  as  well  with  our  formula  as  with 
that  of  hydroberberine : 


Adermann. 

Mean  of  three 

Theory  for 

Theory  for 

analyses. 

Hydroberberine. 

C22H29NO4. 

Carbon        =   70-97  p.  c. 

70-38  p.  c. 

7rit)  p.  c, 

Hydrogen   =     6*99     „ 

6-75     „ 

7-81     „ 

Nitrogen     =     4-15     „ 

4-11     „ 

3-78    „ 

Oxygen       =   17-89     „ 

18-76     „ 

17-25     „ 

100-00  100-00  100-00 

*  Adermann  gives  tliree  analyses  of  the  base,  but  as  the  carbon  in  one  of  them 
differs  by  nearly  1  per  cent,  from  the  mean  of  the  other  two,  we  have  left  it  out  of 
account  in  making  the  comparison.     The  following  are  Adermann's  results  :  — 

I.  Carbon   =   71  -13  per  cent.         Hydrogen   =  7  '12  per  cent. 
IL        „  =   71-43       „  „  =   7-03        „ 

IIL       „         =  70-37       ,.  „  =  6-82       „ 
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whilst  if  we  omit  the  third  analysis,  Adermanri's  figures,  as  already 
shown,  agree  very  closely  with  our  own.  We  have  carefully  com- 
pared our  corydaline  with  a  sample  of  pure  hydroberberine  prepared 
for  this  purpose.  We  find  that  the  melting  point  of  hydroberberine 
is  J  65^^,  or  30°  higher  than  that  of  corydaline ;  that  whilst  the 
solvents  for  the  two  bases  are  the  same,  hydroberberine  requires  for 
solution  six  to  eight  times  as  much  absolute  alcohol  as  corydaline ; 
that  hydroberberine  is  optically  inactive  ;  and  that  its  sulphate  crys- 
tallises without  difficulty.  If  any  further  proof  were  needed  that 
corydaline  and  hydroberberine  are  essentially  distinct,  it  is  to  be 
found  in  the  fact  that,  whereas  berberine,  which  differs  from  hydro- 
berberine by  4  atoms  of  hydrogen,  contains  only  two  methoxy-groups 
(Perkin,  jun..  Trans.,  1889,  88),  corydaline,  as  we  shall  presently 
show,  contains  four. 

We  have  prepared  some  additional  salts  of  corydaline,  of  which 
we  shall  now  give  an  account. 

Corydaline  Hydrobromide. — This  salt  is  easily  obtained  by  adding 
potassium  bromide  to  a  solution  of  the  hydrochloride  in  water.  Like 
the  corresponding  hydriodide,  it  is  pale  yellow.  It  is  almost  insolu- 
ble in  cold,  but  dissolves  easily  in  hot  water,  from  which  it  separates, 
on  cooling,  in  crystals  resembling  those  of  the  hydriodide.  Analyses 
of  this  salt,  dried  at  100°,  gave  the  following  results  : — 

I.  0-3988  gram  of  the  salt  gave  0-1658  gram  AgBr  =  17-68  per 
cent.  Br. 
II.  0-3912  gram  of  the  salt  gave  0-1642  gram  AgBr  =  17-74  per 
cent.  Br. 

Found.  Theory  for 

(Mean  of  above  numbers.)  C22H29N04,HBr.* 

Bromine  =   17-71  per  cent.  17-69  per  cent. 

Corydaline  Ethyl  Sulphate. — This  compound  is  easily  prepared  in  a 
state  of  purity,  and,  unlike  the  other  salts  of  corydaline,  which  are 
soluble  in  water,  crystallises  from  its  aqueous  solution  without 
difficulty.  It  can  be  obtained  as  a  white,  crystalline  precipitate  by 
mixing  solutions  of  sodium  ethyl  sulphate  and  corydaline  sulphate. 
It  is,  however,  most  easily  prepared  by  adding  sulphuric  acid  to  an 
alcoholic  solution  of  corydaline,  evaporating  to  a  syrup}^  consisfency, 
and  adding  water,  when  the  solution  immediately  sets  to  a  crystalline 
mass.  When  this  is  dissolved  in  hot  water  and  the  solution  allowed 
to  cool  slowly,  beautiful,  large,  colourless,  prismatic  crystals,  contain- 

*  In  our  first  paper,  the  formula  given  for  corydaline  was  C22H28NO4,  calculated 
directly  from  tlie  results  of  analyses.  The  addition  of  an  atom  of  hydrogen,  which 
is  necessary  to  bring  the  formula  into  conformity  with  the  law  of  even  numbers, 
makes  no  appreciable  difference  in  the  figures  given  in  that  paper. 
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ing  1  mol.  H3O,  separate  out.  Corydaline  ethyl  sulphate  dissolvep 
easily  in  hot  water,  alcohol,  and  chloroform,  but  is  only  very 
sparingly  soluble  in  cold  water,  and  is  insoluble  in  ether.  The 
crystals  melt  at  ir)2'5°  to  a  clear,  yellow  liquid.  The  addition  of 
ammonia  or  of  potassium  hydrate  to  their  aqueous  solution  precipi- 
tates the  corydaline.  This  salt  is  very  stable,  and  it  is  only  after 
long  continued  boiling  of  its  aqueous  solution  that  any  precipitate  of 
barium  sulphate  is  obtained  on  the  addition  of  barium  chloride. 
Analyses  of  the  ethyl  sulphate,  dried  over  concemtrated  sulphuric 
acid  in  a  vacuum,  gave  the  following  results : — 

i:  0-2912   gram   of  thel  0'1859  gram  H2O  =     7'09  per  cent.  H. 

salt  gave—  /  0-6014      „     CO2  =  56*32       „  C. 

II.  0-3025   gram  of   the  10-1866      „     HoO  =     6-85       „  H. 

salt  gave—  J  0*6200      „      COa  =  55-89       „  C. 

III.  0-4656  gram  of  the   salt  gave  0-0895    gram  Pt  =  2-77   per 

cent.  N. 

IV.  0-4579  gram  of  the  salt  gave  0-0881    gram    Pt  =  2*77   per 

cent.  N. 
V.  0-4036  gram  of  the   salt   gave    0-1968   gram   BaS04  =  6-69 

per  cent.  S. 
YI.  0-4294  gram    of   the    salt  gave   0-2100  gram  BaSOi  =  6-72 
per  cent.  S. 

Theory  for 

Found.  C22H29NO4C2H5HSO4 

(Mean  of  abore  analyses.)  +  H2O. 

Carbon        =   56*10  per  cent.  55-92  per  cent. 

Hydrogen  =     6-97        „  7-18 

Nitrogen     =     2-77        „  2-72 

Sulphur      =     6-70        „  6-21 

Oxygen       =  27*46       „  27*97       „ 

100*00  100-00 

The  salt  loses  its  water  of  crystallisation  when  dried  at  lOO'' : — • 

I.  0*5906  ^am  of  the  salt  lost  0-0213  gram  HjO  =  B'OO  per  cent. 
H,0. 
II.  0*2705  gram  of  the  salt  lost  0*0091  gram  H^O  =  3-36  per  cent. 
H2O. 

Found.  Theory  for 

(Mean  of  aboye  nnmbers.)  1  mol.  H2O. 

Water  =  3*48  per  cent.  3*49  per  cent. 

The  corydaline  in  the  salt  was  determined  by  precipitation  with 
ammonia : — 
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I.  0-2752   gram  of  the   salt,   dried   at  100°,   gave   0-2050   gram 
coryd  aline. 
II.  0'4030  gram  of  trie  salt,  dried  over  concentrated  sulphuric  acid 
in  a  vacuum,  gave  02859  gram  corydaline. 

Found.  Theory. 

I.  Corydaline  =   74-49  per  cent.  74-64  per  cent. 

II.  „  =   70-94       „  72-03 

Action  of  Hydrogen  Iodide  on  Gorydaline. — 5  grams  of  corydaline 
were  boiled  in  a  flask  with  160  c.c.  of  fuming  hydrogen  iodide, 
for  several  hours,  using  a  reflux  condenser,  which  was  kept  at  a  tem- 
perature of  40 — 50°,  The  escaping-  vapours,  after  passing  successively 
through  the  reflux  condenser  and  through  potash  bulbs  filled  with 
red  phosphorus  suspended  in  water  and  heated  to  50 — 60°,  were  con- 
densed and  received  in  a  flask  surrounded  with  cold  water.  During 
the  experiment,  a  steady  current  of  carbon  dioxide  was  passed  through 
the  apparatus.  The  distillate  was  recognised  as  methyl  iodide  by  its 
characteristic  odour  and  by  its  boiling  point  (43°).  The  solution  re- 
maining in  the  distilling  flask  at  the  end  of  the  operation,  on  cooling, 
deposited  a  yellow,  crystalline  substance.  After  decanting  off  the 
excess  of  hydrogen  iodide,  the  precipitate  was  slightly  washed  with 
cold,  and  dissolved  in  hot,  water,  from  which,  on  evaporation,  it 
crystallised  in  clusters  of  yellow  prisms.  The  purification  of  this 
salt  caused  much  trouble,  on  account  of  the  difficulty  of  separating 
the  last  traces  of  iodine  set  free  by  the  decomposition  of  the  hydrogen 
iodide.  The  addition  of  sulphurous  acid  invariably  caused  decom- 
position. Eventaally  we  obtained  the  salt  in  a  state  of  purity  by 
repeatedly  recrystallising  it  from  water  and  pressing  the  crystals 
between  filter  paper.  It  dissolves  easily  in  water  and  in  alcohol,  less 
easily  in  ether,  and  melts  with  decomposition  between  270°  and  280°. 
Its  aqueous  solution  gives  a  reddish  precipitate  with  ammonia  and 
potassium  hydrate,  which  dissolves  in  excess  of  either  reagent. 
Analyses  of  the  salt,  dried  at  100°,  gave  the  following  results  : — 


I. 

0-2314  gram  of  the  1  0*4158  gram  CO2  =  49  00  per  cent.  C. 
salt  gave—               1 0  0983      ,,     H^O  =    472       „          H. 

II. 

0-2401  gram  of  the  1  0-4307  „  CO,  =  48-92  „  C. 
salt  gave—               ]  O'lOll      „      H^O  =    468       „          H. 

II. 

0-3180  gram  of  the  salt  gave  007055  gram  Pt  =  3*20  per 

cent.  N. 

V. 

0-3376  gram  of  the  salt  gave  007475  gram  Pt  =  3*19  per 

cent.  N. 

V. 

0-3681  gram  of  the  salt  gave  0-1962  gram  Agl  =  2879  per 

cent.  I. 
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0-3608  ^ratn  of  the  salt  gave 

0-1913  gram  Agl  =  i 

cent.  I. 

Found. 
(Mean  of  above  numbere 

Theory. 
1.)               Ci8H2iN04,HI. 

Carbon         =   4896  per  cent* 

48-77  per  cent. 

Hydrogen  =     470        „ 

4-96        „ 

Nitrogen     =     3-20        „ 

3-16       „ 

Iodine          =  28-72 

28-64       „ 

Oxygen        =   14-42 

14-47       „ 

100-00  100-00 

This  salt  appears,  therefore,  to  be  the  iodhydride  of  a  base  derived 
from  corydaline  by  the  substitution  of  4  atoms  of  hydrogen  for 
four  methyl  groups,  and  bears  the  same  relation  to  corydaline  that 
papaveroline  and  berberoline  bear  to  papaverine  and  berberine  re- 
spectively. To  preserve  the  analogy  of  nomenclature,  the  base  ought, 
therefore,  to  be  called  "  corydaloline,"  but  we  hesitate  to  perpetrate 
such  a  cacophony,  and  prefer  for  the  present  to  call  it  apo-corydaline, 
until  some  more  appropriate  name  is  indicated  by  a  fuller  investiga- 
tion of  its  relation  to  corydaline. 

We  have  not  yet  succeeded  in  obtaining  the  free  base  in  a  form 
suitable  for  investigation.  It  can,  however,  be  separated  from  the 
iodhydride  by  the  cautious  addition  of  dilute  ammonia  or  of  potassium 
hydrate.  It  dissolves  in  alcohol,  forming  a  blood-red  solution,  but  is 
insoluble  in  water  and  in  all  the  other  ordinary  solvents.  Its  solution 
rapidly  reduces  silver  salts  in  the  cold,  and,  on  evaporation,  leaves  a 
gummy  residue  which  shows  no  tendency  to  crystallise.  It  is  re- 
markable that  the  formula  of  the  free  base  differs  by  only  2  atoms  of 
hydrogen  from  Wicke's  formula  for  corydaline  (Ci8lIi9N^04),  and  it 
is  possible  that  the  two  substances  may  really  be  isomeric.  The 
differences  in  their  solubility  and  general  behaviour  show  that  they 
are  not  identical.  For  the  direct  determination  of  the  number  of 
methoxy-groups  in  corydaline,  we  made  use  of  Zeisel's  method,  as 
described  in  the  Berichte,  19,  143.  The  following  results  were  given 
by  pure  corydaline,  dried  over  concentrated  sulphuric  acid  : — 

I.  02539  gram  of  corydaline  gave  0-6338  gram  Agl  =  3296  per 
cent.  (CH3O). 
II.  0-2920  gram  of  corydaline  gave  0-7230  gram  Agl  =  32-7  per 
cent.  (CH3O). 
III.  0-2519  gram  of  corydaline  gave  0-6320  gram  Agl  =  33-13  per 
cent.  (CH3O). 

Found.  Theory  for  four  (CH3O) 

(Mean  of  above  numbers.)  groups  in  C22H29'Nd4. 

(CH3O)   =  32-93  per  cent.  3342  per  cent. 
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Corydaline,  therefore,  contains  four  methoxy-groups.  The  con- 
clusion that  all  the  oxygen  in  the  alkaloid  is  combined  with  methyl 
was  confirmed  by  our  failure  to  obtain  any  definite  reaction  with 
phenylhydrazine  or  phosphorus  pentachloride. 

We  have  not  yet  completed  our  experiments  on  the  oxidation  of 
the  alkaloid  with  potassium  permanganate,  but  we  have  already 
obtained  evidence  of  the  presence  both  of  a  pyridine  and.  a  benzene 
ring. 

The  physiological  action  of  corydaline  is  being  investigated  in 
Professor  McKendrick's  laboratory  in  the  University  of  Glasgow. 


LVII. — The  Constitution  of"^  Lapachic  Acid^^  (Lapachol)  and  its 

Derivatives, 

By  Samuel  C.  Hooker,  Ph.D.  (Munich). 

The  experiments  of  E.  Paterno,  pubhshed  in  1882  {Gazzetta,  12,  337) 
enabled  him  to  assign  to  "  lapachic  acid,"*  with  a  considerable  degree 
'of  probability,  the  following  formula : — 

CxohJ  ch:ch-ch<^J!^ /3. 

LOH  ^^^ 

Amylenehydroxy  naphthoquinone. 

The   formula  was   mainly   deduced   from   the   following  observa- 
tions : — 

1.  "  Lapachic  acid,"  on  distillation  with  zinc-dust,  yields  naphthalene 
and  isobutj'lene.  , 

2.  Oxidation  with  nitric  acid  gives  rise  to  the  formation  of  phthalic 
acid  in  considerable  quantity,  showing  clearly  that  all  the  side 
groups  are  situated  in  the  same  benzene  nucleus. 

3.  On  reduction  with  hydrogen  iodide,  a  hydrocarbon,  having  the 
composition  of  an  amylnaphthalene,  is  formed,  differing  from  the 
a-amylnaphthylene  obtained  by  Leone  {Gazzelta^  12,  209).  The 
amylene  chain,  therefore,  probably  occupies  the  /J-position, 

*  Lapachic  acid  is  found  in  a  crystalline  condition  in  the  grain  of  a  number  of 
South  American  woods  :  the  lapacho  tree,  from  which  the  acid  derives  its  name, 
grows  plentifully  in  the  Argentine  Eepublic,  yielding  a  wood  which  is  said  to  con- 
tain as  much  as  7  per  cent,  of  the  acid.  The  Surinam  greenheart,  from  which  the 
material  used  in  this  investigation  was  mostly  obtained,  contained  a  much  smaller 
quantity,  probably  not  more  than  1  per  cent. 
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4.  "  Lapachic  acid  "  forms  a  raonacetyl  derivative. 

5.  Although  possessing  sufficiently  strongly  acid  properties  to  expel 
carbon  dioxide  from  carbonates,  experiments  failed  to  reveal  the 
presence  of  the  COOH  group. 

6.  "  Lapachic  acid,"  which  is  yellow,  is  easily  converted  by  reducing 
agents  into  a  colourless  hydro-derivative.  This  compound  is 
unstable,  absorbs  oxygen  readily,  and  becomes  reconverted  into 
*'  lapachic  acid." 

Although  Paterno's  experiments  did  not  enable  him  to  decide  as  to 
whether  lapachol  ("lapachic  acid") contained  the  a-  or/3-quinone  group, 
he  expressed  himself,  in  a  subsequent  publication  (Gazzetta,  12,  622), 
in  favour  of  the  former  supposition,  because  lapachone,  an  isomeric 
substance,  into  which  lapachol  is  readily  converted,  resembled,  in  his 
opinion,  a-  rather  than  ^-naphthaquinone.  While  Paterno  was 
filmost  certainly  right  in  assigning  the  a-quinone  group  to  lap- 
achol, his  reason  for  doing  so  was  insufficient,  as  I  shall  show  that 
lapachone  is  a  derivative  of  /3-naphthaquinone,  and  that,  in  the 
conversion  of  lapachol  into  lapachone,  a  change  in  the  quinone 
group  simultaneously  occurs.  There  are,  however,  several  facts 
which  point  to  the  existence  of  the  a-quinone  group  in  lapachol, 
which  Paterno  has  not  advanced,  and  which  it  may  be  well  at  once 
to  refer  to  : — 

1.  Lapachol  very  closely  resembles  hydroxy-a-naphthaquinone 
(naphthalenic  acid),  which  has  the  following  constitution: — 

O 


o 

2.  Lapachol,    like   hydroxy-a-naphthaquinone,  is    yellow,  whereas 
^-naphthaquinone  and  all  its  simple  derivatives  are  orange-red. 

3.  Lapachol  volatilises  with  steam,  although  with  some  difficulty. 

It  is,  therefore,  extremely  probable  that  lapachol  is  a  derivative 
of  hydroxy-a-naphthaquinone. 

All  the  experiments  to  be  recorded  in  this  paper  point  directly  and 
indirectly  to  the  correctness  of  this  conclusion,  and  justify  the  sub- 
stitution of  the  name  lapachol. 

The  evidence  available  in  regard  to  the  position  of  the  double  bond 
in  the  amylene  side-chain,  is  at  present  very  limited.  It  is  assumed, 
however,  in  this  paper,  as  is  most  probable,  that  it  is  situated  as  shown 
in  the  following  formula : — 
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CO 
'^^'^^,C•CH:CH•C,H7 


CO 

While  mucli  light  was  thrown  by  Pateimo's  investigation  on  the 
constitution  of  lapachol,  many  of  its  reactions  received  no  satis- 
factory explanation.  One  of  the  most  interesting  of  the  changes 
which  it  undergoes  is  that  brought  about  by  concentrated  sulphuric 
acid,  which  converts  it,  quantitatively,  into  the  isomeric  substance, 
lapachone,  which  is  entirely  devoid  of  acid  properties.  This  change 
was  first  explained  by  Paterno,  by  the  assumption  that  2  mols.  of 
lapachol  had  combined  to  form  one  of  the  isomeric  product ;  but  this 
view  was  afterwards  shown  to  be  untenable  by  Paterno  and  Nasini 
(Gazzetta,  19,  333),  in  an  investigation  on  Raoult's  law,  as  the 
molecular  weights  of  lapachol  and  lapachone  were  found,  experiment- 
ally, to  be  the  same.  It  was  not  until  some  time  after  the  publication 
of  these  last  experiments  that  the  interaction  was  first  satisfactorily 
explained  by  Hooker  and  Greene  (Amer.  Ghem.  /.,  11,  395)  in  a  pre- 
liminary paper.  It  was  then  shown  that  the  change  occurred  in  two 
stages,  as  follows  : — 

fO,  (0, 

CioH4<^  CHICH-CaH,  +  H2O  =  C,oB.J  CH2-CH(OH)-C3H7 

LoH  [oh 

Hydroxyhydrolapachol. 


=  CioH4<  C 

lo. 


CHs-CH-CsH,  +  H2O. 

Lapachone. 

The  formation  of  lapachone  from  lapachol,  as  shown  in  the  above 
equations,  rendered  it  extremely  probable  that  several  other  changes 
observed  by  Paterno  occurred  in  a  precisely  analogous  manner.  By 
the  action  of  bromine  on  lapachol,  Paterno  obtained  a  compound 
which  he  believed  to  be  a  bromo-derivative  of  the  following  constitu- 

roa 

tion,  CioH4^  CHiCH-CgH,. 


i  ch:c] 

LOBr. 


This  compound,  which  is  insoluble  in  alkalis,  and  can  be  dissolved 
in,  and  reprecipitated  from,  concentrated  sulphuric  acid  in  an  un- 
altered condition,  was  considered  by  Hooker  and  Greene  (Amer.  Ghem. 
X,  11,  397)  to  be  a  lapachone  and  not  a  lapachol  derivative,  the 
formation  of  which  could  be  readily  explained  as  follows  : — 

2x2 
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fO,  fO, 

lOH  .  lOH 

Dibrombjdrolapachol. 

=  CoH*  <^  CHBr-CH-C3H7  +  HBr. 

Bromolapachone. 

In  a  paper  published  some  months  later,  Paterno  and  Minunni 
(Gazzetta,  19,  601)  adopted  this  explanation  of  the  formation  of  lap- 
achone,  and  recorded  some  additional  facts  which  thej  believed  added 
to  its  weight ;  but,  while  admitting  that  the  bromolapachone  formula 
for  Paterno's  so-called  bromolapachic  acid  had  some  strong  points  in 
its  favour,  they  were  not  prepared  to  consider  it,  on  the  whole,  as 
probable  (Gazzetta,  19,  623). 

Pinallv,  in  a  paper  published  last  year  (Gazzetta,  21,  374),  Paterno 
and  Caberti  positively  reject  the  above  explanation  of  the  formation 
of  so-called  bromolapachic  acid,  and  emphatically  assert  that  the  com- 
pound cannot  be  a  lapachone  derivative.  I  shall  show  that  Paterno 
and  Caberti  have  allowed  a  change  which  they  did  not  fully  under- 
stand, and  which  appeared  to  be  much  simpler  than  was  really  the 
case,  to  mislead  their  judgment  in  coming  to  this  decision.  The 
experiments  recorded  in  this  paper  prove  that  Paterno's  bromo- 
lapachic acid  is  in  reality  bromolapachone :  the  compound  will, 
therefore,  in  future  be  referred  to  by  the  latter  name. 

The  analogy  existing  between  lapachone  and  bromolapachone  is 
strikingly  shown  in  several  reactions  :  I  describe  in  the  following 
pages  the  preparation  and  properties  of  two  compounds  obtained  by 
the  direct  addition  of  hydrogen  chloride  and  bromide  respectively  to 
lapachol,  viz.: — 

CioH4<^  CH^-CHCl-CaH,,         CoHJ  CHBr-CHBr-C3H7, 
[OH  {on 

Chlorhjdrolapaclaol.  Dibromliydrolapachol. 

These  compounds  in  contact  witb  concentrated  sulphuric  acid  are 
converted  into  lapachone  and  bromolapachone  respectively,  thus  : — 

U  CI 

lo] 

Lapachone. 

C,hJ  CHBr-CHBr-CaH,     =     CxoH4<  CHBrCH-CgH;  -f  HBr. 

Bromolapaclione 
(Paternd's  bromolapachic  acid). 


CioH4<  CHj-CHCl-CsH;     =     Ci„H4<  CHs-CH-CaH,  -f  HCl. 
OH  [O^ 
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Apart  from  these  changes,  the  importance  of  which  in  deciding  the 
point  at  issue  is  readily  seen,  there  are  others  to  which  I  shall  now 
refer,  and  which  are  scarcely  less  satisfactory  or  convincing.  Boiling 
aqueous  potash  converts  lapachone  into  hydroxyhydrolapachol,  thus: — 


O2  fO, 

O^--^  OH 


nnd  a  precisely  analogous  change  occurs  in  the  case  of  bromolap- 
achone,  which  it  would  be  difficult,  if  not  impossible,  to  explain  satis- 
factorily by  Paterno's  bromolapachic  acid  formula. 


fO,  fO, 


CioH4<  CHBr-CH-CsH,  +  2E,0  =  CioH4<^  CH(0H)-CH(0H)-C3Hv 

Vo^^^  [oh 

Bromlapaclione.  Di  hydroxyhydrolapachol. 

+  HBr. 

In  order  to  distinguish  between  the  formulae 


'2  ro^ 

)HJ  C] 


0, 
CioH4<  CHiCH-C^H,      and     CoH^^  CHBr-CH-CaHv, 
OBr  [0 


Paterno  and  Caberti  {Gazzetta,  21,  374)  submitted  the  compound 
to  the  action  of  reducing  agents,  and  found  that  lapachol,  and  not 
lapachone,  was  formed  by  the  removal  of  the  bromine,  thus  confirm- 
ing in  their  mind  the  correctness  of  the  bromolapachic  acid  formula. 
This  reaction,  while  at  first  sight  apparently  antagonistic  to  the 
broraolapachone  theory,  is  not,  however,  really  so.  The  changes  as 
they  undoubtedly  occur  are  shown  in  the  following  equations  :  lap- 
achol is  not  formed  by  the  simple  removal  of  the  bromine,  but  is  the 
result  of  a  secondary  change.  The  change  takes  place  in  two  stages, 
thus : — 

roa  (o^ 

CioH4<  CHBr-CH-CaH,  +  H^  =  CioH^^  CHBr-CH^-CsHT, 
10^--^  [OH 

(0,  CO, 

and  G,oH4<^  CHBr-CHa'CsH;  -f  KHO  =  CioH4<  CHiCH-CaH; 

[OH  [oh 

4-  KBr. 

That  this  is  indeed  the  true  explanation  of  the  reconversion  of  bromo- 
lapachone  into  lapachol  is  supported  by  at  least  two  very  importamt 
facts  :  1.  Bromolapachone  cannot  be  converted  into  lapachol  by  reduc- 
ing agents  in  acid  solution,  as  Paterno  and  Caberti  themselves  found, 
the  alkali  being  obviously  necessary  for  the  removal  of  the  hydrogen 
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bromide  in  tlie  second  stage  of  the  change.  2.  Lapachone  itself  can 
be  reconverted  into  lapachol  by  an  entirely  analogous  change.  Con- 
centrated aqueous  hydrochloric  acid  readily  dissolves  lapachone,  and 
under  proper  conditions  soon  deposits  crystals  of  chlorhydrolap- 
achol : — 

CxoH4<  CH^CH-CsH:  +  HCl  =  C,oH4<^  CH^-CHCl-CaH,, 
\0^  lOH 

and  this  compound  is  instantly  converted,  in  part  at  least,*  into 
lapachol  by  the  action  of  dilute  sodic  hydrate  : — 

CHj-CHCl-CsHv  +  NaOH  =  CioH4<  CH:CH-C3H,  +  NaCl 
OH  LOH 

+  H2O. 


ro 

CioH4<  C 
[0 


So  readily  is  the  hydrogen  chloride  removed,  that  the  change  is 
instantly  effected  in  the  cold  by  a  1  per  cent,  solution  of  sodic 
hydrate. 

Paterno's  remaining  argument  in  favour  of  the  formula 

CioH4<  CH!CH*C3H7 
[OBr 

is  based  on  the  formation  of  bromolapachone  by  the  action  of  bromine 
on  the  acetyl  derivative  of  lapachol.  According  to  Paterno,  action 
occurs  as  follows  : — 

C:oH4<^  CHiCH-CgH,  +  Bra  =  CnoB.J  CHiCH-CaH,  +  C2H30Br. 
Lo-CaHsO  [OBr 

but  it  is  at  once  obvious  that  the  change  can  be  explained  equally 
satisfactorily  as  shown  in  the  equation  : — 

fO,  CO, 

CioH4<^  CHiCH-CsH,  +  Br2  =  CioH4<  CHBr-CHBr-CaH, 
Lo-CsHsO  Lo-CzHaO 

=  CioH4<  CHBr-CH-CsH,  +  aHgOBr. 

I  have  already  shown  in  the  commencement  of  this  paper  that 
there  exist  strong  reasons  for  regarding  lapachol  as  a  derivative  of 
a-naphthaquiuone.      I  shall   now   enumerate  the  evidence  which  is 

*  Hydroxyhydrolapaehol  and  lapachone  are  simultaneously  formed. 
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conclusive,  showing  that  lapachone  and  bromolapachone  are  derivatives 
of  ^-naphthaquinone. 

I.  Like  ^-naphthaquinone,  lapachone  and  bromolapachone  are 
orange-red  substances,  whereas  a-naphthaquinone,  like  la]  - 
achol,  is  yellow. 
II.  Lapachone  and  bromolapachone  are  readily  acted  on  by  ortho- 
toluylenediamine,  forming  compounds  having  all  the  cha- 
racteristic properties  of  the  azines.* 

III.  Unlike  lapachol,  lapachonef  and  bromolapachone  do  not  volati- 

lise with  steam. 

IV.  Lapachone  and  bromolapachone  are  acted  "on  by  thiophen  and 

sulphuric  acid,  giving  the  characteristic  dark-blue  com- 
pounds similar  to  those  formed  under  like  conditions  from 
orthoquinones  {Gazzettay  21,  377). 

The  equations  therefore,  given  above,  representing  the  conversion 
of  lapachol  and  its  derivatives  into  lapachone  and  its  derivatives, 
while  essentially  correct  as  far  as  they  go,  do  not  express  the  com- 
plete change  which  really  occurs.  Thus  in  the  conversion  of  lap- 
achol into  lapachone  by  the  action  of  concentrated  sulphuric  acid,  the 
change  probably  occurs  in  the  following  steps : — 

*  Lapachol  yields  a  compound  with  orthofcoluylenediamine,  which  crystallises  in 
red  needles.  This  compound  is  insoluble  in  alkalis,  but,  on  boiling  with  dilute  sodic 
hydrate,  is  converted  into  a  carmine-red  substance,  probably  an  eurhodol,  soluble  in 
alkaline  solutions  in  the  cold,  and  capable  of  forming  salts  with  mineral  acids.  This 
substance  is  apparently  converted  by  the  action  of  concentrated  sulphuric  acid  into 
the  same  azine  as  that  derived  from  /3-lapachone.  These  changes  are  probably 
correctly  illustrated  as  follows  : — ■ 

CO  CO 

^^CCHiCHCgHy  (^\^\C'CK:CK'CiRj 


CO  0 


N C;He 

COH  C O 

/^^"^CCHiCHCsH;  ./^.-^^CCHoCHCaF- 


C 


c 


u 


N — CyHj  N — C7H8 

These  compounds  will  be  studied  in  detail  and  described  in  a  subsequent  paper. 

t  The  distillate  obtained,  in  the  case  of  lapachone,  is,  however,  slightly  coloured, 
but  no  crystals  of  lapachone  separate.  With  /3-naphthaquinone,  Liebermann  and 
Jacobson  {Annalen^  211,  69)  also  obtained  a  slightly  c"<5l?)ured  distillate. 
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n 


CO 


CO 


\y\/ 

CO 


cai:cKC,jL,  (  Y  ^|CCH2CH(on).C3H; 

+  H3O  = 

'COH  ls^^^J,IC.OH 

Lapachol. 


CO 

Hydroxybydrolapacliol. 


CO 

/\/\,c<^ 


CH2-CH(OH)CaH; 


COH 
/'\^^C-CH2CH(OH)-C3H; 


CO 


CO 


(Unknown), 


-O 


/\/^ 


■CCHo'CH'C3H7 

jco 


+  HoO. 


CO 

jS-Lapaehone. 


Or  possibly  the  change  from  hydroxyhydrolapachol  to  the  corre- 
sponding /3-quinone  derivative  involves  the  addition  and  subsequent, 
splitting  off  of  water,  as  follows  : — 


CO 

/\/Ncx 


CO 


COH 


COH 


\A./ 

CO 


CO 


Starting,  therefore,  with  lapachol,  a  derivative  of  a-naphthaqnin- 
ono,  it  is  converted  by  the  action  of  concentrated  sulphuric  acid  into 
lapachone,  a  derivative  of  y3-naphthaquinone.  It  will  be  necessary  to 
refer  to  this  compound  in  future  as  ^-lapachone,  for  the  reason  that 
by  the  action  of  concentrated  hydrochloric  acid  on  lapachol  an  iso- 
meric product,  a-lapacJione,  may  be  obtained.  The  difference  in  the 
behaviour  of  concentrated  sulphuric  acid  and.  hydrochloric  acid  is 
indeed  a  remarkable  one,  especially  as  the  reactions  take  place  in 
both  cases  apparently  quantitatively.  The  action  of  the  hydrogen 
chloride  is  as  follows  :— 


"LAPACHIC  acid"   (LAPACHOL)   AND  ITS   DERIVATIVES.      619^ 

CO  CO 

n/Nc-CHlCH-CaH,  ./^"^(^^C-CHaCHClCgH, 

•        +  HCl  = 
i^;ic.oH  V'\/^-^^ 

CO  CO 

Chlorhydrolapachol. 

CO 

.-^"V^NcCHoCHCgH, 

=  'I  +  HCl. 

II       Ip  r\ 

\/\/^ ^ 

CO 

o-Lapachone. 

With  concent  rated  nitric  acid,*  both  a-  and  y3-lapachone  are  formed  ; 
the  latter,  however,  considerably  predominates. 

The  action  of  boiling  alkalis  on  a-  and  /3-lapachone  is  extremely 
interesting.  In  the  case  of  a-lapachone,  the  change  shown  in  the 
following  equation  occurs  : — 

CO  CO 

C-CHs-CH-CgHy     ^  jj  Q  _    j^YV'^S2-CH(OH).C3H-. 

C O  1^11    Jlc-OH 

CO 
a-Lapachone.  Hydroxyhydrolapacliol. 

With  /S-lapachone,  the  same  hydro xyhydrolapachol  is  formedf — • 

*  o-Lapachone  was  first  obtained  by  Patem6  {Gazzetta,  12, 371)  in  small  quantity 
by  the  action  of  nitric  acid  on  lapachol :  it  was  also  subsequently  obtained  in  traces 
by  Patern5  and  Minunni  {Gazzetta,  19,  616),  and  by  Patern6  and  Caberti 
{Gazzetta,  21,  379)  in  sevei'al  reactions,  in  which  hydrogen  chloride  and  lapachol 
or  lapachone  had  taken  part.  The  compound  was  found  by  Patern6  to  be  isomeric 
with  /3-lapachone.  In  his  earlier  papers,  no  constitution  was  assigned  to  it,  but  sub- 
sequent to  the  publication  of  Hooker  and  Greene's  investigation  (Amer.  Chem. 
J.,  11,  393)  explaining  the  formation  of  )8-lapachone.  Patern5  and  Minunni  sug- 
gested a  similar  method  of  formation  for  a-lapachone,  thus  : — 

ro«  ros 

CioH4^  CHiCH-CgH.  +  HoO  =  CioH4^  CH(OH)CH2-C3H7 
LOH  LOH 

ro. 


=    C,oH4|CHs^(,jj^.(,^g._     _^     gp 


As  a-  and  j3-lapachone  are,  however,  converted  by  boiling  alkalis  into  the  same  acid, 
it  is  obvious  that  this  explanation  is  not  the  true  one. 

t  Nor  is  this  interaction  an  isolated  one  :  the  author  has  obtained  several 
j8-lapachone  derivatives,  each  undoubtedly  containing  the  )8-quinone  group,  and 
readily  convertible  by  the  action  of  boiling  dilute  caustic  soda  or  potash  into 
derivatives  of  lapachol,  which,  like  the  latter,  contain  the  a-quinone  group. 
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COH 


+  HoO  = 
I      il      'cO  '  11'       I  CO 

CO  CO 

(Unknown.) 

CO  CO 

I      1      IcO  I      II    J!c-OH 

CO  CO 

(Unknown). 

The  conversion  of  both  a-  and  ^-lapachone  into  the  same  hydroxy- 
hydrolapachol  is  in  accordance  with  what  appears  to  be  a  general 
rule,  namely,  that  compounds  of  the  general  formula 

C-OH 

I   X  jco 


CO 
are  unstable  in  contact  with  alkalis,  being  rapidly  converted  into 
corresponding  derivatives  of  a-naphthaquinone   having  the   general 
formula 

CO  ■ 

Il  I'COH 
CO 
Zincke  has  shown  (Ber.,  19,  2495,  2498)  that  both  /3-bromo-  and 
^-chloro-)3-naphthaquinone  are  readily  converted  into  derivatives  of 
a-naphthaquinone  by  the  action  of  dilute  caustic  alkalis  in  the  cold. 
In  this  case,  the  halogen-/?-naphthaquinone  is  undoubtedly  first 
oxidised  in  contact  with  the  alkali,  a  compound  of  the  general 
formula  (1)  given  above,  being  thus  produced;  and  this,  in  accord- 
ance with  the  rule  here  laid  down,  is  immediately  converted  into  the 
corresponding  a-naphthaquinone  derivative.* 

*  Since  this  paragraph  was  written,  Zincke  has  recorded  {JBer.,  25,  1171)  the 
conversion  of  a-hydroxj-)8-naphthaqiiinone  into  /S-hydroxy-a-naphthaquinone  by 
the  action  of  caustic  soda,  thus  giving  one  more  instance  in  accordance  with  the 
above  rule.  The  a-hydroxy-j8-naphthaquinone  was  not  isolated,  but  undoubtedly 
existed  as  an  intermediate  product  in  the  conversion  of  dihydroxydiketotetrahydro- 
naphthalene  into  /3-hydroxy-o-naphthaquinone,  thus  : — 

CO  CO  CO 

/^^\,C0  ,^^^^C0  ,-'^'\^\c-OH 


U.I 


CH.OH  k^^CH  VVC-H 

OHOH  COH  CO 
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i 


While  the  ease  with  which  lapachol  can  be  converted  quantitatively 
into  either  a-  or  y3-lapachone  is  very  remarkable,  the  fact  that  these 
two  compounds  can  be  converted  into  each  other,  also  apparently 
quantitatively,  is  still  more  so.  If,  for  instance,  a-lapachone  is  dis- 
solved in  concentrated  sulphuric  acid,  and  the  solution  allowed  to 
stand  for  a  few  minutes,  water  precipitates  y3-lapachone  from  it. 
Similarly,  if  /3-lapachone  is  dissolved  in  a  comparatively  large  volume 
of  concentrated  hydrochloric  acid,  a-lapachone*  is  slowly  deposited, 
until  finally,  after  a  few  days,  little  or  nothing  remains  in  solution. f 
In  the  conversion  of  yS-lapachone  into  a-lapachone  by  hydrogen 
chloride,  I  have  been  fortunate  in  isolating  one  of  the  intermediate 
products,  namely,  chlorhydrolapachol, 

C — -O  COH 

'^CCHs-CHCaHy  ./^I^^C-CHsCHCl-CaHy 


4-  HCl  = 


CO  ^ 

/3-Lapachone. 

CO 


CO 


CO 


(Unknown.) 


c< 

CO 


CH«-CHClC,Hr 


CO 


CO 

(Unknown.)  J 


CO 


CCHa-CHClCaFy 
COH 


+  HCL 


Chlorhydrolapachol. 
CO 
^Ij^^.C-CHs-CHCsHy 

I     'I  Jc — o 

CO 

a-Lapaehone. 

*  Ey  slightly  warming  the  acid  solution,  the  'separation  may  be  considerably 
hastened.  The  compound  actually  deposited  is  a-lapachone,  arHCl,  which  is  im- 
mediately decomposed  by  water  into  a-lapachone  and  hydrogen  chloride.  No 
importance  can  be  attached  to  the  presence  of  hydrogen  chloride  in  the  compound, 
as  o-lapachone  when  immersed  in  concentrated  hydrochloric  acid  forms  the  same 
addition  product. 

t  This  remarkable  difference  in  the  behaviour  of  sulphuric  and  hydrochloric  acid 
is  not  confined,  as  I  shall  show  in  a  subsequent  paper,  to  the  action  of  these  acids 
on  a-  and  /3-lapachone,  but  is  common  to  certain  derivatives  of  these  compounds. 

I  The  conversion  of  the  j3-quinone  into  the  a-quinone  group  may  be  possibly 
effected  by  the  successive  addition  and  elimination  of  hydrogen  chloride,  thus : — 


^ 

C.( 

3H_ 
C.X 

/\ 

C.'oH 

AcTC 

r^ 

\/ 

CO 

CO 

\/ 

CO 

\y 

\/^^0H 
CO 

CO 


ex 


COH 


CO 
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The  importance  of  the  isolation  of  chlorhydrolapachol  and  its  sub- 
sequent conversion  into  a-lapachone  is  self-evident.  Proof  is  thereby 
furnished  that  in  the  transformation  of  yS-  into  a-lapachone  the  side 
ring  is  opened,  which  is  entirely  in  accordance  with  the  above-given 
theoretical  explanation  of  the  change. 

That  a-lapachone  and  y3-lapachone  are  really  isomers  and  not  poly- 
meric substances,  has  been  proved  by  the  approximate  determination 
of  their  molecular  weights  by  Raoult's  method.  Under  precisely 
similar  conditions,  the  figure  265  was  obtained  for  a-lapachone  and 
261  for  y3-lapachone. 

Like  a-naphthaquinone,  a-lapachone  is  yellow,  and  volatilises  with 
steam. 

Like  ;3-naphthaquiuone,  y3-lapachone  is  red,  and  does  not  volatilise 
with  steam. 

a-Lapachone  does  not  interact  with  orthotoluylenediamine,  but 
/3-lapachone  does  so  readily. 

a-Lapachone  melts  at  117°,  /3-lapachone  at  154°. 

The  above  evidence  would  seem  sufficient  to  establish  the  fact 
absolutely  that  lapachol  and  a-lapachone  are  derivatives  of  a-naphtha- 
quinone, and  that  ^-lapachone  is  a  derivative  of  /3-naphthaquinone. 
It  is  necessary,  however,  to  discuss  the  matter  somewhat  more  in 
detail,  as  the  above  conclusions  do  not  accord  with  Paterno's  views. 
Thus,  while  Paterno  gives  preference  to  the  a-quinone  group  for 
lapachol,  he  does  so,  not  because  of  its  behaviour,  but  because  of  a 
supposed  resemblance  of  yS-lapachone  to  a-naphthaquinone.  Paterno, 
who  has  studied  the  action  of  hydroxy lamine  on  y3-lapachone,  was 
only  able  to  obtain  from  it  a  monhydroxime ;  and  as  Paterno  believed 
that  a-naphthaquinone  had  only  given  a  monhydroxime,  whereas 
)9-naphthaquinone  had  given  a  dihydroxime  as  well,  he  found  in  the 
behaviour  of  y3-lapachone  a  greater  resemblance  to  that  of  a-  than  of 
y3-naphthaquinone.  This  argument  would  not,  under  any  circum- 
stances, carry  great  weight,  as  Paterno  himself  realised,  but  it  is  de- 
prived of  any  value  whatever  by  the  fact  that  at  the  time  Paterno  wrote 
(Gazzetta,  19,  622,  September,  1889),  the  dihydroxime  of  a-naphtha- 
quinone (Ber.,  21,  433,  1888)  had,  apparently  unknown  to  him, 
already  been  discovered. 

There  is,  however,  in  the  work  of  Paterno,  a  difficulty  apparently 
more  real  than  the  above,  which  must  be  explained.  By  the  action  of 
acetic  anhydride  and  sodic  acetate  on  lapachol,  Paterno  obtained  a 
compound  which,  on  hydrolysis,  followed  by  spontaneous  oxidation, 
gave  a  quinone  (differing  from  a-lapachone)  which  he  believed  to  be 
isomeric  with  /3-lapachone.  We  have,  therefore,  ^-lapachone  and 
isolapachone  most  probably,  according  to  Paterno,  with  the  following 
formulae,  respectively  (^Gazzetta^  19,  622): — 


¥ 
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X.    jo 


o  o 

"Formula  accepted  by  Patern5  as  Probable  formula  for 

most  probable  for  /3-lapachone.  isolapachone  (Patern6). 

It  is  at  once  obvious  that  the  existence  of  an  isolapachone,  other 
than  a-lapachone,  bearing  the  relation  to  /3-lapachone  shown  above, 
is  at  variance  with  the  theoretical  considerations  already  discussed. 
It  is  easy,  however,  to  prove  that  Paterno's  isolapachone  is  not  re- 
lated to  /3-lapachone  in  this  simple  way. 

It  has  been  already  mentioned  that  when  /3-lapachone  is  treated 
Math  boiling  alkalis,  it  is  converted  into  hydroxyhjdrolapachol,  as 
follows  :  — 

fO,  CO, 

{0  -^  LOH 

Similarly  by  the  action  of  boiling  alkalis  on  Paterno's  isolapachone 
an  intensely  red  solution  is  obtained,  containing  the  salt  of  an  acid 
substance.  That  the  isolapachone  is  not  simply  dissolved  unaltered, 
is  proved  by  the  fact  that  ether,  in  which  the  isolapachone  is  readily 
soluble,  does  not  extract  a  trace  of  this  substance  from  the  alkaline 
solution.  Hence,  if  isolapachone  has  the  formula  suggested  by 
Paterno,  it  is  necessary  to  conclude  by  analogy  that  the  acid  substance 
existing  in  the  alkaline  solution  has  also  the  composition 


(0 

'ioH4<  C 

Lo 


ck-CH(OH)-C3H7, 
OH 


being  isomeric  with  that  derived  from  y3-lapachone,  and  differing  only 
in  the  nature  of  its  quinone  group  and  the  position  of  its  hydroxyl. 
On  treating  the  two  alkaline  solations  with  zinc-dust,  it  is  evident 
that,  if  reduction  occur,  the  same  compound  must  be  obtained  from 
both,  namely  : — 

OH 
/\/^CH2CH(OH)-C3H7 

OH 
OH 

Experiment  has  shown,  however,  that  this  is  not  the  case.  After 
both  the  solutions  were  thoroughly  reduced,  as  shown  by  the  entire 
loss  of  their  intense  red  colour,  they  were  filtered  off  from  the  zinc- 
dust,  and  allowed  to  oxidise  spontaneously  by  absorbing  atmospheric 
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oxygen.  Acetic  acid  then  precipitated  hydroxyhydrolapachol  from 
the  solution  obtained  from  y3-lapachone,  and  isolapachone  unchanged 
from  the  other  solution,  showing  that  in  the  latter  case  the  acid 
substance  first  formed  probably  immediately  loses  water  when 
liberated  from  its  salts,  becoming  converted  into  its  internal  an- 
hydride;  be  this  as  it  may,  the  experiment  renders  it  very  improb- 
able that  isolapachone  possesses  the  formula  assigned  to  it  by  Paterno. 
An  examination  of  Paterno's  analyses  of  the  so-called  isolapachone 
reveals  the  fact  that  they  agree  far  better  with  the  formula  C15H12O3 
than  with  C15H14O3. 

Calculated. 


I. 

II. 

III. 

Mean. 

CisHiA- 

C15H14O3. 

c... 

74-38 

75-02 

74-46 

74-62 

75-00 

74-38 

H.... 

4-98 

5-05 

5-22 

5-08 

5-00 

5-78 

It  is  at  first,  indeed,  difficult  to  understand  why,  in  the  face  of  such 
concordant  analyses  of  a  compound  easy  to  purify,  Paterno  should 
have  chosen  the  latter  formula,  in  which  the  theoretical  hydrogen  is 
0-7  per  cent,  higher  than  the  mean  of  the  analytical  results.  On 
comparing  the  analyses  of  the  diacetyl  compound  from  which  iso- 
lapachone was  obtained,  there  is  the  same  evidence  in  favour  of  the 
formula  C15H12O3,  but  the  results,  as  stated  by  Paterno  and  Minunni 
(Gazzetta,  19,  607),  owing  to  an  error  in  the  theoretical  figures,  are 
entirely  misleading ;  and  it  is  probably  this  error,  doubtless  due  to 
an  acccidental  interchange  of  figures  subsequent  to  calculation,  which 
led  Paterno  and  Minunni  to  select  the  formula  making  isolapachone 
isomeric  with  y3-lapachone. 

The  mean  of  Paterno's  analysis  is  given  as  follows  : — 

C  =  69-68 
H=    5-77 

and  above  this  are  given,  as  the  theoretical  figures  for 
Ci5HuO(OC2H30)2, 

C  =  69-93 
H  =    5-52 

These  figures  are,  however,  in  reality  those  required  for  a  compound 
containing  two  hydrogen  atoms  less,  namely,  Ci5Hi20(OC2H30)2. 

The  analyses,  therefore,  of  both  isolapachone  itself  and  also  of  the 
diacetyl  compound  show  clearly  that  the  substances  contain  two 
liydrogen  atoms  less  than  are  present  in  the  formula  assigned  to 
them  by  Paterno  and  Minunni.  Isolapachone  is  not,  therefore, 
isomeric  with  lapachone,  and  the  apparent  difficulty  is  thus  entirely 
removed,  which  the  existence  of  isolapachone,  as  such,  offered  to  the 
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acceptance  of  the  theory  advanced  in  this  paper  regarding  the  rela- 
tions existing  between  lapachol,  a-lapachone,  and  /3-lapachone. 

The  formation  of  Paterno's  isolapachone  can  be  explained  as  fol- 
lows : — By  the  action  of  acetic  anhydride  on  lapachol  a  simple  acetyl 
derivative  is  first  formed,  as  shown  by  Paterno  (Gazzetta,  12,  358). 
This  compound,  in  the  presence  of  acetic  anhydride  and  sodic  acetate, 
then  probably  undergoes  the  following  changes  : — 

C O  C O 


\/v: 


CO  s^^^^C-O-CaHgO  '^y^^C-O-CsHaO 

C-CHlCH-CgHy  ^  COH  COOC2H3O 

C-O-CsHgO         ^^  COH 


/\/"^n.nTT-n.n-FT.      /\'^%i 


CO  f    Y  ^C-CHlC-CgH;       f    Y  ^O-CHlC-CsH; 


I  r    I 

C-O-CaHgO  C-O-CoHgO 


\/\^^         ^  \/\^^ ^ 


Paterno  describes  only  one  acetyl  derivative,  but  Mr.  H.  W, 
Shepard,  in  conjunction  with  whom  1  have  studied  the  constitution 
of  isolapachone,  has,  by  following  the  directions  given  by  Paterno, 
obtained  two  isomeric  compounds,  probably  bearing  the  relation  to 
each  other  shown  in  the  above  formulae,  and,  being  thus  connected  in 
precisely  the  same  way  as  a-  and  /3-lapachone.  On  treating  the  acetyl 
compounds  with  caustic  alkalis,  they  both  probably  yield  the  same 
acid  substance, 

COH 

I        COH  * 

COH 

which  is,  however,  spontaneously  oxidised,  and  on  acidifying  /3-naph- 
thaquinonepr  opylf  urf  uran , 

C O 

'^/'^CCHiCCaH- 


CO 

the  so-called  isolapachone  is  obtained. 

That  this  compound  is  derived  from  y3-  and  not  from  a-naphthaquin- 
one,  can  be  at  once  inferred  from  its  orange-red  colour  and  its  general 
striking  resemblance  to  )8-lapachone.  We  have  succeeded  in  obtain- 
ing additional  experimental  evidence  in  support  of  the  above 
formula. 
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By  the  action  of  dilute  caustic  soda  on  bromo-/3-lapachone,  the 
constitution  of  whiuh  has  been  fully  discussed  in  the  opening-  pages 
of  this  paper,  we  have  obtained,  in  addition  to  dihjdroxyhydro- 
hipachol,  small  quantities  of  Paterno's  isolapaclione.     Thus  : — 


C- 


iC-CHBr-CH-CgHy  (^(^^p-CR-.CC.Rj 


CO  CO 

In  accepting  this  formula,  the  best  possible  interpretation  would 
seem  to  be  given  of  the  experimental  results  so  far  at  our  disposal ; 
but  when  it  is  remembered  that  not  more  than  0*8  per  cent,  of  the 
Compound  is  formed  from  bromo-/3-lapachone,  under  the  most  favour- 
able circumstances,  and,  further,  that  all  attempts  so  far  made  to 
obtain  bromo-^-lapachone  from  the  so-called  isolapachone  have  failed, 
the  formula  must  be  accepted  with  some  caution  until  it  is  based  on 
further  experimental  evidence.  The  compound  is  still  being  studied 
in  my  laboratory,  and  I  shall  hope  to  communicate  shortly  further 
details  of  interest  concerning  it. 

Experimental  Part. 

The  lapachol  used  in  this  investigation  was  principally  obtained 
from  Surinam  greenheart :  a  small  quantity  was  also  extracted  from 
Bethabarra  wood  (Amer.  Chem.  /.,  11,  267). 

Surinam  greenheart,  specially  selected  from  a  number  of  samples 
for  the  richness  of  its  yellow  grain,  was  obtained  for  me  from  Hol- 
land by  Messrs.  Godfrey  S.  Saunders  and  Co.,  of  London,  to  whom  I 
am  much  indebted  for  tiieir  trouble  and  courtesy.  The  wood,  reduced 
to  a  fine  meal  by  passage  through  a  disintegrator,  was  extracted  in  a 
10-gallon  percolator  essentially  as  described  by  the  author  in  conjunc- 
tion with  Dr.  Greene  in  the  American  Chemical  Journal  (11,  268). 

Lapachol  is  formed  in  small  quantity  by  the  action  of  dilute 
aqueous  alkalis  on  chlorhydrolapachol  (see  p.  635)  ;  and  also  by  the 
action  of  zinc-dust  in  alkaline  solution  on  bromo-yS-lapachone  (see 
p.  642;   Gazzetta,  21,  376). 

O-CHC3H7 
C    CH2 

^-Lapachone, 

CO 

.  In  a  preliminary  paper  published  in  conjunction  with  Dr.  W.  H. 
Greene   {Amer.   Chem.  J.,  11,  395),  it  was  shown  that  the  *conver- 
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sion  of  lapacliol  into  lapacbone  (Gazzetta,  12,  372)  by  the  action 
of  concentrated  sulphuric  acid  probably  occurs  in  two  stages,  but, 
as  already  stated  in  the  introduction  to  this  paper,  I  have  since 
found  that  the  action  is  far  more  complicated  than  was  then 
supposed,  owing  to  a  change  which  takes  place  in  the  quinone 
group. 

Although  the  intermediate  product,  hydroxyhydrolapachol,  cannot 
be  isolated,  it  can  nevertheless  be  obtained  indirectly  by  the  action 
of  boiling  aqueous  alkalis  on  ^-lapachone.  In  contact  with  dilute 
mineral  acids,  it  is  reconverted  into  ^-lapachone.  /3-Lapachone  is 
also  formed  by  the  action  of  alkalis,  or  of  concentrated  sulphuric 
acid  on  chlorhydrolapachol  (see  pp.  634,  635),  and  further  by  the 
action  of  concentrated  sulphuric  acid  on  a-lapachone  (see  p.  638). 

^-Lapachone  is  best  prepared  by  dissolving  1  part  of  lapachol 
in  5  parts  of  concentrated  sulphuric  acid  essentially  as  described  by 
Paterno ;  as  soon  as  dissolution  is  complete,  the  w^hole  is  poured  into 
a  large  volume  of  water,  ^-Lapachone  separates  in  a  crystalline 
condition,  and  can  be  obtained  pure  by  one  crystallisation  from 
alcohol.     The  yield  is  quantitative. 

When  crystallised  from  alcohol,  y3-lapachone  usually  separates  in 
heavy  needles  of  a  brilliant  orange-red  colour ;  it  is  also  occasionally 
deposited  from  concentrated  solutions  in  irregular,  diamond- shaped 
plates,  the  surfaces  of  which  are  very  much  striated.  The  follow- 
ing properties  of  ^-lapachone  have  not  been  given  by  Paterno. 
^-Lapachone  forms  two  distinct  compounds  with  ammonia,  differing 
from  each  other  in  the  colour  and  stability  of  their  salts.  These 
compounds  will  be  studied  somewhat  more  in  detail  and  described 
at  length  in  a  subsequent  paper.  ^-Lapachone  readily  dissolves  in  a 
warm  solution  of  sodium  hydrogen  sulphite  ;  white,  crystalline  leaflets 
are  deposited,  from  which  acids  and  alkalis  liberate  the  original  sub- 
stance. 

Concentrated  hydrochloric  acid  dissolves  ;3-lapachone  with  great 
readiness,  forming  an  intensely  orange-red  solution,  from  which,  if 
not  too  dilute,  first  chlorhydrolapachol,  and  then  a-lapachone,  is 
deposited.  If  water  is  added  to  the  freshly  prepared  solution, 
/3-lapachone  is  reprecipitated  for  the  most  part  unchanged. 

/5-Lapachone  darkens  gradually  when  exposed  to  bright  daylight. 
A  few  minutes  exposure  to  direct  sunlight  is  sufficient  to  \erj 
materially  affect  its  colour. 

o-Toluylenediamine  and  /3-lapachone  very  readily  interact  in 
alcoholic  solution.  The  azine  thus  obtained  melts  at  about  134° ; 
it  crystallises  readily  in  bright-yellow  needles,  and  its  alcoholic 
solution  exhibits  a  yellow-green  fluorescence.  This  compound  will 
be  described  more  in  detail  in  a  subsequent  paper. 

VOL.  LXI.  2   Y 
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Hydroxyhydrolapachol, 


The  action  of  aqueous  potash  on  lapachone  has  been  studied  by 
Paterno  (Gazzetia,  12,  372)  who  writes  as  follows  : — "  Lapachone 
does  not  dissolve  in  cold  aqueous  potash  of  medium  concentration ; 
(m  heating,  it  dissolves,  forming  a  fine  purple-red  solution,  which,  fil- 
tered while  hot,  deposits,  on  cooling,  beautiful,  orange  needles  of  silky 
lustre,  recognised  by  their  melting  point  (154 — 155°)  to  be  lapachone. 
On  the  addition  of  hydrochloric  acid,  the  alkaline  filtrate  yields  a 
precipitate,  which,  purified  by  recrystallisation,  was  similarly  found 
to  be  lapachone." 

This  statement  is  incorrect.  The  facts  are  these : — Lapachone 
dissolves  with  some  difficulty  in  hot  aqueous  potash,  but  in  so  doing 
undergoes  a  change.  A  new  acid  compound  is  formed,  and  this,  and 
not  lapachone,  exists  in  the  solution  obtained.  If  hydrochloric  acid,  in 
very  slight  excess,  is  added  to  the  cold  alkaline  solution,  the  new 
compound  separates  as  a  yellow  oil,  which  gradually  assumes  a 
crystalline  form.  If,  however,  a  large  quantity  of  hydrochloric  acid 
be  employed,  the  colour  of  the  turbid  solution  is  seen  gradually  to 
change.  The  bright-yellow  gives  place  to  orange,  and  finally  red 
crystals  of  lapachone  may  be  observed  floating  in  the  liquid. 

The  new  compound  has,  in  fact,  been  reconverted  into  lapachone 
by  the  excess  of  hydrochloric  acid  employed.  The  experiment  has 
been  repeated  a  number  of  times,  but  the  author  has  not  once  ob- 
served the  separation  of  crystals  of  lapachone  from  the  alkaline  solu- 
tion as  described  by  Paterno. 

The  action  of  potash  on  lapachone  is  shown  in  the  following  equa- 
tion : — 


r  OaCis^  f  O2OCCC 

CioH4<^  CH^-CH-CsH,  +  H,0  =  CioH4<^  CH^-CHOH-CaHv. 
lo--^  lOH/i 

/S- Lapachone.  Hydroxyhydrolapachol. 


In  order  to  prepare  hydroxyhydrolapachol,  8  grams  of  lapachone, 
4  grams  of  caustic  potash,  and  150  c.c.  of  water  are  heated  together.  If 
the  crystals  of  lapachone  be  large,  they  should  be  first  powdered. 
As  the  lapachone  is  dissolved,  the  colour  of  the  solution  becomes 
very  intense,  being  similar  to  that  of  the  salts  of  lapachol. 

After  boiling  several  minutes,  the  solution  is  filtered  to  remove 
any  crystals  which  may  have  escaped  the  action  of  the  potash,  and 
an  excess  of  acetic  acid  is  then  added.     A  yellow  oil  is  immediately 
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precipitated,  which  collects  at  the  bottom  of  the  beaker,  and  then 
appears  considerably  darker  than  when  first  seen  in  a  fine  state  of 
division.  In  the  course  of  an  hour  or  so,  it  solidifies  to  a  yellow, 
crystalline  mass,  which,  after  some  hours,  may  be  separated  and 
washed  with  water.  The  compound  as  thus  obtained,  though  slightly 
coloured  at  the  surface,  is  in  a  very  nearly  pure  condition,  and  can 
be  rendered  pure  by  crystallisation  once  or  twice  from  alcohol,  in 
which  it  dissolves  very  readily  and  from  which  it  separates  slowly 
in  large,  yellow,  monosymmetric  crystals.  The  yield  is  theoretical ; 
8  grams  of  lapachone  gave  8-4  grams  of  the  crude  product ;  that- 
required  by  theory  being  8-59  grams. 

The  following  figures  were  obtained  on  analysis  : — 

I.  01965  gram  of  substance  gave  0-4970  CO2  and       —     H2O. 

11.  0-4932  „  „  1-2510  CO2    „     0-2743  H2O. 

III.  0-2093  „  „  0-5306  CO2    „     01160  H2O. 

Found. 


c... 

H.... 

i. 

. .      68-96 
lost 

_                       -A. 

II. 

69-18 
6-18 

...  .      .  ^ 
III. 
69-13 
6-15 

Calculated  for 
C15H16O4. 
69-23 
6-15 

Hydroxyhydrolapachol  melts  at  125°.  It  is  readily  soluble  in  most 
of  the  ordinary  solvents,  from  which  it  crystallises  after  standing 
some  time ;  if,  however,  the  solvent  be  allowed  to  evaporate  rapidly, 
the  acid  is  left  as  a  yellow  oil.  Under  ordinary  conditions,  it  is  a 
very  stable  substancB,  and  can  be  crystallised  from  acetic  acid  un- 
changed ;  but  in  contact  with  dilute  mineral  acids,  it  is  readily  con- 
verted into  /3-lapachone,  which  was  identified  by  its  fusing  point  and 
other  properties,  and  by  analysis. 

The  barium  salt  is  extremely  characteristic,  separating  from  a 
claret-coloured  solution  in  bright  orange,  silky  needles,  grouped 
together  in  wavy  tufts.  In  order  to  prepare  it,  the  substance  was 
dissolved  in  a  solution  of  baric  hydrate,  from  which  the  excess  of 
barium  was  precipitated  at  the  boiling  temperature  by  means  of  carbon 
dioxide.  The  solution  was  then  concentrated  to  the  crystallising 
point.  As  the  evaporation  proceeded,  a  film  of  the  salt,  in  an  amorph- 
ous condition,  and  of  the  same  colour  as  the  solution,  formed  at  the 
edge  of  the  liquid,  on  the  evaporating  basin.  The  salt  is  much  more 
soluble  in  hot  than  in  cold  water.  After  recrystallisation,  the  orange 
needles  gave  the  following  figures  on  analysis : — 

I.  0-2152  gram  of  substance  gave  0-0744  BaSOi. 
II.  0-2883  „  „  0-0987       „ 

III.  0-2478  „  „  0-0854      „ 

2  Y  2 
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Found.  Calculated  for 


I.  II.  III.       (Ci5Hi504)2Ba,HoO.     (Ci5lI,504)2Ba. 

Ba(p.  c.)..      20-32       20-12       20-26  20-35  20-91 

The  above  figures  were  obtained  from  different  preparations,  dried 
over  sulphuric  acid,  and  also  at  110°. 

The  salt  evidently  contains  1  mol.  of  water  of  crystallisation, 
although  the  attempts  to  determine  this  by  loss  were  unsuccessful. 
Heated  at  110°  for  several  hours,  no  change  in  weight  occurred,  and 
decomposition  commenced  at  somewhat  higher  temperatures.  It  was, 
however,  observed  that  the  orange  crystals,  when  rubbed,  became 
dark  magenta-red,  and  analysis  proved  the  altered  salt,  dried  at 
105 — 110",  to  be  anhydrous.  Under  the  microscope,  it  showed  no 
definite  structure,  and,  when  moistened  with  water,  it  immediately 
became  orange,  at  the  same  time  swelling  up,  and  then  passing  into 
solution.  On  evaporation,  the  characteristic  orange  needles  of  the 
salt,  as  above  described,  were  again  obtained. 

The  anhydrous  salt  was  prepared  for  analysis  by  thoroughly  grind- 
ing the  orange  crystals,  in  small  quantities  at  a  time,  in  an  agate 
mortar.  The  conversion  was  not  easily  accomplished,  and  it  seemed 
as  if  a  resinous  substance  were  being  dealt  with.  The  powdered  sub- 
stance was  heated  at  110°  until  constant  in  weight. 

I.  0-3368  gram  of  substance  gave  0-1182  BaSOi. 
II.  0-2834  „  „  0-1002       „ 

Found. 


^ ^ ^  Calculated  for 

I.  II.  (Ci5H,504)Ba. 

Ba 20-63         20-78  p.  c.  20-91  p.  c. 

The  two  determinations  were  made  with  different  preparations. 

The  calcium  salt  is  entirely  different  from  the  barium  salt  just 
described.  It  separates  from  its  solution  on  evaporation  in  small, 
dark-red  crystals,  and  is  only  very  sparingly  soluble  either  in  hot  or 
in  cold  water.  After  drying  over  sulphuric  acid,  it  did  not  lose  in 
weight  when  exposed  for  over  an  hour  to  a  temperature  of  105 — 110°. 
Analysis  shows  it  to  be  anhydrous. 

I.  0-3113  gram  of  substance  gave  0*0808  CaSOi. 
II.  0-2594  „  „  0-0635       „ 

Found. 

f ' ^  Calculated  for 

I.  II.  (Ci5Hi504)2Ca. 

Ca 7-63         7-19  p.  c.  7-16  p.  c. 

The  preparations  analysed  were  different :  I  was  obtained  by  adding 
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the  theoretical  quantity  of  calcium  chloride  to  the  slightly  ammonia- 
cal  solution  of  the  acid ;  on  expelling  the  excess  of  ammonia  by  heat, 
the  salt  separated ;  II  was  prepared  in  the  same  manner  as  the  above 
described  orange  variety  of  the  barium  salt. 

The  silver  salt  was  obtained  by  precipitating  a  concentrated  neutral 
solution  of  the  ammonium  salt  with  the  calculated  quantity  of  silver 
nitrate.  It  separates  in  a  semi-resinous  condition,  becoming  granular 
after  some  time.  It  is  decidedly  soluble  in  water,  also  in  dilute 
alcohol,  from  which  it  separates,  on  spontaneous  evaporation,  in  small, 
dark-red  needles.  The  figures  it  gave  on  analysis  lie  between  those 
required  for  C]5lIi504Ag  and  Ci5Hi504Ag  -f  H2O.  It  is  probable, 
therefore,  that  the  compound  was  not  obtained  in  a  pure  condition. 

Hydroxyhydrolapachol  is  readily  dissolved  by  concentrated  hydro- 
chloric acid ;  the  solution,  however,  becomes  almost  immediately 
turbid,  and  crystals  of  chlorhydrolapachol  are  formed.  One  gram 
of  the  finely  powdered  substance  was  added  to  10  c.c.  of  hydrochloric 
acid,  sp.  gr.  1"10.  The  lumps  Vt^hich  formed  at  first  were 
thoroughly  broken  up  with  a  glass  rod.  After  10  minutes,  the  tem- 
perature was  raised  to  about  50°,  and,  15  minutes  from  the  time  of 
mixing,  the  substance  was  thrown  on  to  a  funnel  provided  with  a 
perforated  platinum  cone,  and  washed  first  with  concentrated  hydro- 
chloric acid,  and  then  with  water.  The  heating  must  not  be  prolonged 
beyond  the  time  given,  or  a-lapachone  +  ojIICI  (see  p.  636)  will  crys- 
tallise out.  Rather  more  than  50  per  cent,  of  the  substance  operated 
on  was  thus  obtained  as  pure  chlorhydrolapachol,  which,  when 
once  crystallised  from  alcohol,  melted  sharply  at  113°.  It  will  be 
shown  subsequently  (p.  637)  that  chlorhydrolapachol  is  also  formed 
by  the  action  of  concentrated  hydrochloric  acid  on  /3-lapachone ; 
but  as  hydroxyhydrolapachol  is  much  more  readily  converted  into 
chlorhydrolapachol  than  /:i-lapachone,  although  the  latter  dissolves 
in  the  concentrated  acid  with  great  readiness,  the  conversion  is  un- 
doubtedly brought  about  by  the  direct  interchange  of  -OH  for  -CI, 
and  not  by  the  formation  of  ^-lapachone  in  the  first  stage  of  the 
reaction. 

Concentrated  sulphuric  acid  dissolves  hydroxyhydrolapachol,  form- 
ing an  orange-red  solution,  from  which  water  precipitates  y3-lapachone. 


CO 

Chlorhydrolapachol, 


^"^/"Nc-CHa-CHCl-CsHy 


C.OH 
CO 


This  substance  is  formed  (1)  by  the  direct  addition  of  hydrogen 
chloride  to  lapachol ;  (2)  by  the  action  of  concentrated  hydrochloric 
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acid  on  hydroxyhydrolapacliol ;  (3)  by  the  action  of  the  hydrochloric 
acid  on  /3-lapachone.  It  is  most  conveniently  prepared  directly  from 
lapachol. 

Paterno  and  Caberti  (Gazzetta,  21,  379)  have  studied  the  action  of 
hydrogen  chloride  on  lapachol.  They  passed  the  dry  gas  through 
an  acetic  acid  solution  of  lapachol  in  the  cold,  and  obtained  as  a 
result  a  mixture  of  three  substances,  which  they  believed  to  be 
lapachone,  unchanged  lapachol,  and  the  substance  (a-lapachone) 
melting  at  116—117°,  which  Paterno  (Gazzetta,  12,  371)  had  pre- 
viously obtained  in  small  quantity,  by  the  action  of  concentrated 
nitric  acid  on  lapachol.  Of  these  three  substances,  the  former  was 
said  to  predominate,  whilst  the  third-mentioned  compound  was  present 
in  traces  only.  The  substances  were  not  isolated,  and  were  identified 
only  by  their  appearance  under  the  microscope. 

I  subsequently  made  a  more  thorough  study  of  the  action  of 
hydrogen  chloride  with  a  view  to  the  isolation  of  chlorhydrolapachol^ 
the  existence  of  which  as  an  intermediate  compound  in  the  conversion 
of  lapachol  into  lapachone,  Paterno  does  not  seem  to  have  suspected. 
At  the  time  that  these  experiments  were  made,  the  presence  of  the 
double  bond  in  the  amylene  chain  had  not  been  demonstrated  by  the 
formation  of  a  simple  addition  compound  ;  the  isolation  of  chlor- 
hydrolapachol  was  of  additional  importance  on  this  account. 

After  numerous  trials,  the  following  method  of  preparation  was 
finally  adopted  : — 

Twenty  grams  of  lapachol  are  dissolved  by  the  aid  of  heat  in 
300  c.c.  of  acetic  acid.  The  solution  is  cooled  to  50°,  and  100  c.c.  of 
concentrated  hydrochloric  acid,  of  sp.  gr.  1*20,  are  then  added.  A  pre- 
cipitate, consisting  of  unchanged  lapachol,  is  immediately  formed, 
but  this  speedily  redissolves,  and  crystals  of  chlorhydrolapachol  are 
gradually  deposited.  The  solution  may  now  be  completely  cooled? 
and  concentrated  hydrochloric  acid  added  at  intervals,  in  small  quan- 
tities, until  400  c.c.  in  all  have  been  used.  The  larger  portion  of  the 
acid  is  added  to  complete  the  precipitation  of  the  chlorhydrolapachol, 
which  is  almost  entirely  insoluble  in  acetic  acid  containing  large 
quantities  of  hydrochloric  acid.  It  is  added  gradually,  so  that  better 
developed  crystals  may  be  formed  and  the  subsequent  washing  of  the 
compound  facilitated.  As  chlorhydrolapachol  is,  under  these  con- 
ditions, easily  resolved  into  .S-lapachone  and  hydrogen  chloride,  a 
considerable  quantity  of  /3-lapachone  is  invariably  produced,  even 
under  the  most  favourable  circumstances  ;  this,  however,  remains 
entirely  in  solution,  /^-lapachone  being  very  readily  soluble  in  con- 
centrated hydrochloric  acid.  The  acid  having  been  added,  the  crystals 
are  thrown  on  to  a  funnel  containing  a  plug  of  glass-wool  resting  on 
a  platinum  cone,  and  thoroughly  washed  with  the  aid  of  a  pump,  first 
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with  concentrated  hydrochloric  acid  and  then  with  water ;  the  water 
must  not,  however,  be  used  until  all  the  mother  liquor  has  been  com- 
pletely displaced,  or  otherwise  yS-lapachone  will  be  precipitated.  B}^ 
following  these  directions,  about  50  per  cent,  of  the  weight  of  the 
lapachol  employed  is  obtained  as  chlorhydrolapachol  in  a  very  pure 
form. 

As  /i-lapachone  may,  under  suitable  conditions,  be  converted  into 
chlorhydrolapachol,  it  seemed  desirable  to  demonstrate  that  in  the 
method  of  preparation  just  described  chlorhydrolapachol  results  from 
the  direct  addition  of  hydrogen  chloride  to  lapachol,  and  that  the 
latter  is  not  first  converted  into  jS-lapachone.  On  substituting  jd- 
lapachone  for  lapachol  and  following  the  directions  above  given,  no 
chlorhydrolapachol  was  obtained. 

Chlorhydrolapachol  was  purified  for  analysis  by  crystallisation  from 
alcohol ;  prolonged  or  unnecessary  heating  of  the  alcoholic  solution 
should  be  avoided,  as  under  such  conditions  hydrogen  chloride  is 
slowly  liberated  and  a-  and  y3-lapachone  and  other  substances  are 
formed.  Chlorhydrolapachol  usually  separates  from  its  alcoholic 
solution  in  small,  crystalline  plates  which,  when  seen  in  contact  with 
the  mother  liquor,  strikingly  resemble  in  form  and  external  character- 
istics the  crystals  of  lapachol.  When  dry,  however,  the  compound 
lacks  the  golden  tint  which  pure  lapachol  exhibits,  being  more 
of  a  canary  yellow.  In  this  form  the  compound  undergoes  a  remark- 
able change  when  allowed  to  remain  in  contact  with  its  saturated 
mother  liquor ;  the  crystalline  plates  gradually  redissolve  and  are 
replaced  by  irregular  bundles  of  flattened  prisms,  the  change  being 
usually  complete  in  the  course  of  24  hours  or  so.  Both  forms  of 
crystals  have  the  same  melting  point,  113°.  On  analysis,  the  com- 
pound gave  the  following  figures  : — 

I.  0-2489  gram   of  substance  gave  0-5848  gram  CO2  and  0'1228 
gram  H2O, 
■    II.  0*2505  gram  of  substance  gave  0*1276  gram  AgCl. 

Found. 

Calculated  for  ^ * ^ 

C15H15O3CI.  I.  II. 

C 64*63  64*07 

H 5*38  5*48  — 

CI 12*74  —  12*59 

If  the  formulae  of  lapachol  and  hydroxyhydrolapachol  have  been 
correctly  given  in  respect  to  the  side  chain,  the  behaviour  of  chlor- 
hydrolapachol clearly  indicates  that  it  has  the  formula 


C 


fO,  CO, 

,oilJ  CHa.CHCl-CsH,,  and  not  CoB^J  CHCl-CHa'CaH;. 
tOH  [oh 
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Concentrated  sulphuric  acid  dissolves  chlorhydrolapachol,  forming 
an  intensely  orange-red  solution,  with  simultaneous  evolution  of  hydro- 
gen chloride.  0'7  gram  was  dissolved  in  10  c.c.  of  concentrated  sulph- 
uric acid ;  the  solution  was  allowed  to  stand  10  minutes,  and  then 
poured  into  a  relatively  large  volume  of  water ;  an  orange,  crystal- 
line precipitate,  consisting  of  a  neutral  substance,  was  obtained. 
Although  apparently  pure,  it  did  not  fuse  sharply  until  three  times 
crystallised  from  alcohol.  Its  melting  point  was  then  152 — 153°. 
The  compound  was,  therefore,  lapachone,  which  was  further  identified 
by  conversion  into  hydroxyhydrolapachol,  this,  in  turn,  being  re- 
cognised by  its  physical  properties  and  its  very  characteristic  orange 
barium  salt. 

Chlorhydrolapachol  is  slowly  decomposed  by  prolonged  heating 
with  alcohol,  but  is  far  more  readily  decomposed  on  heating 
with  acetic  acid.  The  solution  becomes  perceptibly  darker  almost 
immediately,  hydrogen  chloride  is  evolved  on  boiling,  and  if  the 
heating  be  continued  for  an  hour  or  so,  the  addition  of  water 
produces  an  orange,  crystalline  precipitate  which  no  longer  reddens 
potassic  hydrate.  This  precipitate  consists  of  a  mixture  of  two 
substances,  a-  and  /3-lapaclione,  the  former  resulting,  as  will  be 
subsequently  shown,  from  the  action  of  the  liberated  hydrogen 
chloride  on  chlorhydrolapachol.  It  was  found  impossible  to  separate 
the  two  substances  by  fractional  crystallisation,  owing  to  th.e  small 
quantity  operated  on  and  the  great  solubility  of  both  compounds. 
Advantage  was,  however,  taken  of  the  fact  that  an  alcoholic  solution 
of  ^-lapachone  very  readily  yields  a  sparingly  soluble  hydroxime, 
whilst  a-lapachone,  under  the  same  conditions,  remains  unchanged. 
The  mixed  substances  ^vere  dissolved  in  sufficient  dilute  alcohol  to 
retain  them  in  solution  even  after  standing  some  time.  An  excess  of 
hydroxylamine  hydrochloride  was  then  added  and  the  solution  warmed; 
golden  needles  of  ^-lapachone  monohydroxime  were  soon  deposited, 
which,  when  once  crystallised  from  alcohol,  fused  sharply  at  166 — 167°. 
The  mother  liquor  from  which  the  /3-lapaclione  hydroxime  was 
filtered  off,  was  slightly  diluted  with  water  and  allowed  to  stand  for 
an  hour  or  two  ;  the  precipitate,  consisting  of  a  mixture  of  /5-lapachone 
monhydroxime  and  a-lapachone,  was  discarded.  The  solution  was 
again  diluted,  this  time  considerably.  The  yellow  crystals  collected 
on  the  following  morning,  when  once  recrystallised  from  dilute  alcohol, 
melted  sharply  at  114°,  and  resembled,  in  other  respects,  a-lapachone. 

The  behaviour  of  chlorhj^drolapachol,  in  contact  with  dilute 
caustic  alkalis  is  very  instructive,  as  lapachol,  hydroxyhydrolapachol, 
and  a-  and  /3.1apachone  are  simultaneously  formed. 

The  formation  of  /3-lapachone,  a  y3-quinone  derivative,  from  chlor- 
hydrolapachol, unquestionably  an  a-quinone  derivative,  by  the  action 


"LAPACHIC   acid"    (LAPACHOL)    AND   ITS  DERIVATIVES.      635 

of  caustic  alkalis,  would  seem  to  be  an  exception  to  the  general  rule 
previously  referred  to. 

Chlorhydrolapachol  dissolves  readily  in  dilute  caustic  potash, 
giving  an  intensely  red  solution  which  is  at  first  bright,  but  almost 
immediately  becomes  turbid,  and  rapidly  deposits  small,  orange 
needles.  1  gram  of  the  finely-powdered  substance  was  treated  with 
140  c.c.  of  a  cold,  1  per  cent,  solution  of  potassic  hydrate,  and  the 
whole  thoroughly  stirred  for  a  few  minutes.  The  orange  crystals 
were  then  collected,  and,  when  dry,  were  found  to  be  about  half  the 
weight  of  the  chlorhydrolapachol  taken.  The  mother  liquor,  which 
still  remained  intensely  red,  on  being  acidified  with  acetic  acid,  became 
turbid,  and  soon  deposited  a  yellow,  crystalline  substance,  which,  when 
purified  by  recrystallisation  from  alcohol,  melted  at  134 — 137°,  and 
otherwise  resembled  lapachol,  giving  its  characteristic  barium  salt. 
The  solution  from  which  lapachol  was  filtered  off  was  allowed  to 
stand  several  days,  when  crystals  of  hydroxyhydrolapachol  were 
found  to  have  separated.  This  substance  was  recognised  by  its 
crystalline  form,  by  its  melting  point,  124°,  and  by  conversion  into 
its  barium  salt,  which,  by  loss  of  water  of  crystallisation,  on  slight 
friction  changed  from  bright- orange  to  dark- red. 

Attempts  were  made  to  purify  the  orange  needles  obtained  from 
the  alkaline  solution  as  above  described,  by  recrystallising  them 
from  alcohol,  but,  as  after  repeating  the  operation  several  times  the 
melting  point  of  the  substance  covered  a  wide  range,  a  microscopic 
examination  was  made  which  revealed  the  presence  of  yellow 
needles.  The  two  compounds  were  separated,  as  described  above,  by 
means  of  hydroxylamine  hydrochloride,  and  /3-lapachone  monoxime 
and  a-lapachone  were  obtained. 

Concentrated  hydrochloric  acid  in  the  cold  appears  to  exert  little 
or  no  action  on  chlorhydrolapachol,  but  when  heated  with  it  for  a 
short  time  at  about  100"  in  a  sealed  tube,  a  complete  conversion  into 
a-lapachone  is  effected.  The  same  change  takes  place  on  dissolvino* 
the  substance  in  acetic  acid  containing  hydrogen  chloride,  and  heating 
the  solution  for  about  an  hour  on  a  water-bath. 


CO 
CL-Lapachone, 


\/\/c\/ 


CHC3H. 


a-Lapachone  may  be  conveniently  prepared  as  follows :  —2  grams 
of  lapachol  are  dissolved  in  a  mixture  of  20  c.c.  of  acetic  acid  and 
5  c.c.  of  concentrated  hydrochloric  acid,  sp.  gr.  1*20,  and  the  solution 
heated  on  a  water-bath  for  one  hour  and  a  quarter ;   a-lapachone  is 
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then  precipitated  in  a  crystalline  condition  by  the  gradual  addition  of 
water  to  the  acid  solution.  This  precipitate,  after  being  washed  wdth 
water,  is  partially  or  completely  dried,  and  redissolved  in  about  15  c.c, 
of  acetic  acid,  to  which  O'l  gram  of  chromic  acid  dissolved  in  a  small 
quantity  of  water  is  added,  for  the  purpose  of  destroying  a  trace  of 
colouring  matter  which  it  is  difficult  to  remove  by  crystallisation 
alone  ;  the  solution  is  then  boiled  for  two  or  three  minutes  until 
quite  green,  and  water  is  slowly  added  until  the  whole  of  the 
a-lapachone  has  crystallised  out.  a-Lapachone  is  thus  obtained  in  a 
very  pure  condition.     The  yield  is  almost  quantitative. 

The  mechanism  of  the  change  appears  to  be  the  following : — 
The  lapachol  is  first  converted  into  chlorhydrolapachol,  which  is 
then,  for  the  most  part,  immediately  changed  into  /3-lapachone ;  at 
higher  temperatures,  the  y3-lapachone  is  slowly  reconverted  into  chlor- 
hydrolapachol, and  from  this  a-lapachone  is  directly  formed.  Both 
/^-lapachone  and  chlorhydrolapachol  can  be  shown  to  be  present  in 
the  solution  in  considerable  quantities  during  the  early  stage  of  the 
change,  so  that,  for  the  reason  given,  either  of  these  substances  can 
be  substituted  for  lapachol  in  the  preparation  of  a-lapachone. 

The  above  method  is  extremely  satisfactory,  and  succeeds  equally 
well  with  large  or  small  quantities.  a-Lapachone  may  also  be  pre- 
pared by  the  following  method,  which  gives  almost  quantitative 
results,  and  is  as  convenient  as  that  described  above. 

Five  grams  of  y3-lapachone  are  dissolved  in  150  c.c.  of  concentrated 
hydrochloric  acid,  sp.  gr.  1'2;  the  flask  containing  the  solution  is 
loosely  corked,  and  it  is  then  immersed  in  warm  water,  the  tempera- 
ture of  which  is  kept  at  50°  to  55°,  for  one  hour,  when  it  is  gra^dually 
increased  to  65°,  and  maintained  at  this  point  for  about  half  an  hour. 
The  separation  is  then  complete,  and  the  solution  is  filled  with 
yellow  crystals  consisting  of  an  addition  product  of  a-lapachone  and 
hydrogen  chloride;  these  are  thrown  on  to  a  funnel  containing  a 
perforated  platinum  cone,  and  washed  first  with  concentrated  hydro- 
chloric acid*  and  then  with  water.  The  addition  compound  is  decom- 
posed by  the  water,  and  a-lapachone  is  thus  obtained  in  minute 
clusters  of  microscopic  needles.  The  compound  is  then  once  crystal- 
lised from  alcohol  or  dilute  acetic  acid. 

Lapachol  cannot  be  substituted  for  /3-lapachone  in  the  method 
just  described,  as  it  is  not  sufficiently  soluble  in  concentrated  hydro- 
chloric acid,  action  taking  place  much  more  readily  in  a  sealed  tube 
at  70—80°. 

If  in  the  preparation  of  a-lapachone  from  /^-lapachone  a  consider- 

*  The  use  of  hydrochloric  acid  for  washing  is  precautionary,  as,  should  there  be 
any  unchanged  /3-lapachone  in  the  mother  liquor,  this  would  be  precipitated  by 
water,  and  thus  render  the  o-lapaclione  impure. 
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ably  smaller  quantity  of  hydrochloric  acid  than  that  given  above  be 
used,  chlorhydrolapachol  will  crystallise  out  in  the  course  of  a  few 
minutes.  Its  existence  as  an  intermediate  product  is  thus  demon- 
strated. The  formation  of  chlorhydrolapachol  from  ^-lapachone 
is  theoretically  important,  and  for  this  reason  the  conditions  to  be 
observed  in  obtaining  it  are  given  in  detail  below. 

Ten  grams  of  finely -powdered  /J-lapachone  are  dissolved  in  20  c.c. 
of  concentrated  hydrochloric  acid,  sp.  gr.  1'20,  and  immediately  after 
mixing,  the  solution  is  gently  warmed  by  immersion  in  warm  water, 
the  temperature  beii^g  kept  at  48 — 52"  ;  the  yS-lapachone  dissolves 
very  readily  to  an  intensely  orange-red  solution,  and  in  a  few 
minutes  crystalline  leaflets  begin  to  separate.  When  the  heating 
has  continued  precisely  20  minutes  from  the  moment  of  mixing,  an 
additional  20  c.c.  of  concentrated  hydrochloric  acid  is  added,  and  the 
whole  is  immediately  thrown  on  to  a  funnel  provided  with  a  platinum 
cone,  and  the  hydrochloric  acid  mother  liquor  filtered  off  as  rapidly  as 
possible.  Concentrated  hydrochloric  acid,  in  which  chlorhydrolap- 
achol is  almost  insoluble,  is  freely  used  to  wash  out  all  traces 
of  the  mother  liquor ;  the  acid  is  then  in  turn  displaced  by  water. 
Rather  more  than  2  grams  are  thus  obtained  in  a  pure  condition. 
The  above  directions  must  be  carefully  followed  or  a  mixture  of 
chlorhydrolapachol  and  a-lapachone  will  be  obtaiued.  The  length 
of  the  time  of  heating  is  perhaps  of  the  most  importance,  and 
should  this  be  increased  by  two  or  three  minutes,  there  will  be  con- 
siderable danger  of  obtaining  an  admixture  of  a-lapachone.  The 
purity  of  the  compound  can  be  readily  tested  ;  it  should  leave  no 
unchanged  yellow  particles  after  being  moistened  wdth  dilute  sodic 
hydrate,  and  the  crystalline  leaflets,  subsequent  to  being  thoroughly 
washed  with  hydrochloric  acid,  should  remain  unchanged  on  the  addi- 
tion of  water.  This  observation  should  be  made  with  the  aid  of  the 
microscope. 

In  the  course  of  some  experiments  on  the  oxidation  of  /3-lapachone 
by  dilute  nitric  acid,  I  have  also  observed  the  formation  of  a-lap- 
achone. 1  gram  of  finely-powdered  yS-lapachone  was  suspended  in 
200  c.c.  of  dilute  nitric  acid,  sp.  gr.  1*045,  the  solution  boiled  for 
40  minutes,  and  then  rapidly  cooled  and  filtered ;  a-lapachone  sepa- 
rated from  the  filtrate,  but  the  quantity  did  not  exceed  6  to  7  per 
cent,  of  the  weight  of  the  /5-lapachone  employed. 

The  formation  of  a-lapachone  in  small  quantity  from  lapachol  by 
the  action  of  concentrated  nitric  acid  in  the  cold  has  already  been 
recorded  by  Paterno  (Gazzetta,  12,  371). 

The  following  analyses  show  that  a-lapachone  is  isomeric  with 
yS-lapachone : — 

0-1496  gram  of  substance  gave  O'4O02  CO.  and  0-0787  H3O 
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Calculated  for 
Found.  Patern5  found.  C15H14O3. 

C 74-05  74-16  74-38 

H 5-84  5-87  5-78 

The  molecular  weight  of  a-lapachone  was  found  by  Raoult's  method 
to  be  265 ;  this  figure  represents  the  mean  of  two  determinations, 
and  agrees  sufficiently  closely  with  the  formula  C15H14O3,  which 
requires  a  molecular  weight  of  242. 

a-Lapachone  melts  at  117°.  It  is  readily  soluble  in  most  of  the 
ordinary  solvents,  but  only  very  slightly  in  water.  It  crystallises  well 
from  dilute  acetic  acid,  and  also  from  alcohol,  being  deposited  as  pale- 
yellow  needles.     It  volatilises  with  difficulty  with  steam. 

On  distillation  with  zinc-dust,  a-lapachone  apparently  yields  the 
same  products  as  lapachol  (Paterno).  Heated  with  acetic  anhydride 
even  in  the  presence  of  sodic  acetate,  a-lapachone  does  not  appear  to 
form  any  acetyl  derivative ;  if  sodic  acetate  is  present,  greenish, 
resinous  substances  are  formed.  My  experiments  were  conducted  at 
ordinary  pressures. 

Crystals  of  a-lapachone  become  opaque  when  immersed  in  con- 
centrated hydrochloric  acid,  owing  to  the  formation  of  an  addition 
product.  The  opaque  substance  when  examined  under  the  micro- 
scope is  found  to  be  covered  with  minute  crystals,  which,  on  the 
addition  of  water,  disappear,  and  are  replaced  by  hair-like  needles  of 
a-lapachone.  The  addition  compound  also  gives  off  hydrogen  chlor- 
ide when  exposed  to  the  air,  or  when  immersed  in  concentrated 
sulphuric  acid. 

Concentrated  sulphuric  acid  dissolves  a-lapachone  readily,  and  if 
water  be  added  immediately,  it  is,  in  part  at  least,  reprecipitated  un- 
changed; if,  however,  the  solution  be  allowed  to  stand  for  a  few 
minutes,  the  a-lapachone  is  completely  converted  into  /3-lapachone. 

a-Lapachone  is  insoluble  in  alkalis  in  the  cold,  but  is  gradually 
dissolved  by  a  boiling  1  per  cent,  solution  of  sodic  hydrate  to  an 
intensely  coloured  solution,  somewhat  of  a  claret-red.  Acetic  acid 
precipitates  from  this  solution  hydroxyhydrolapachol,  which  is  ob- 
tained under  similar  circumstances  from  yS-lapachone. 

O-CH-CsH; 

C     CH-Br 

,C 
Bromo-P-lapachone  (Faterno^s  Bromolajoachic  Acid), 


id),    I       I 


CO 


CO 


Paterno  obtained  his  so-called  bromolapachic  acid  by  the  action  of 
bromine  on  "  lapachic  acid  "  in  acetic  acid  solution  (Gazzetta,  12,  353). 
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In  tlie  directions  given  by  him  for  the  preparation  of  the  compound, 
stress  is  laid  upon  the  necessity  of  adding  the  bromine  to  the  lap- 
achol  as  rapidly  as  possible,  in  order  to  obtain  a  good  yield.  With 
the  constitution  which  Paterno  assigned  to  bromlapachone,  no  reason 
suggests  itself  for  the  considerable  difference  in  yield  brought  about 
by  the  slow  or  rapid  addition  of  the  bromine ;  but,  nevertheless,  the 
desirability  of  observing  Paterno's  instructions  in  this  respect  was 
confirmed  by  my  own  experiments.  The  same  difference  was  also 
observed  when  chloroform  was  substituted  for  acetic  acid.  As  soon 
as  the  bromlapachone  formula  suggested  itself,  the  reactions  involved 
became  clearer,  and  the  differences  brought  about  by  the  variation  in 
the  method  of  adding  the  bromine  could  be  then  readily  explained. 

On  the  addition  of  bromine  to  lapachol,  the  following  action  first 
occurs  : — 


C,oH4<'  CR:CB.'C,lI'{i  +  Bro  =  C10H4J  CHBr-CHBr-C3H,/3 


A  CB.:CB.'C JI,{i 
lOH/3 

=  Co^A  CHBr-CH-( 


If  the  bromine  is  added  slowly,  the  lapachol  is  in  excess  through- 
out the  operation,  and  the  hydrogen  bromide  which,  as  the  equation 
indicates,  is  liberated,  will  form  bromhydrolapachol,  which  in  turn 
gives  off  hydrogen  bromide,  with  the  formation  of  /3-lapachone. 

CHiCH-CsH,  4-  HBr  =  C,oHJ  CH2-0HBr-C3HT 
OH^  l.OH/S 

fOsaiySx 
=  CioH4<^  CH.CH-CaH^  -h  HBr. 
10      a 

As  the  hydrogen  bromide  is  thus  regenerated,  it  is  obvious  that  a 
very  small  quantity  only  is  necessary  to  transform  the  whole  of  the 
lapachol  into  /3-lapachone ;  and  the  extent  to  which  this  is  effected 
will  depend  on  the  length  of  time  given  to  the  hydrogen  bromide 
to  act.  Hence,  the  more  slowly  the  addition  of  the  bromine  is  brought 
about,  the  more  /3-lapachone,  and  consequently  the  less  bromolap- 
achone,  will  be  obtained. 

The  conversion  of  lapachol  into  yS-lapachone  can  be  readily  sho^vn 
by  passing  dry  hydrogen  bromide  gas  through  the  chloroform  solu- 
tion of  lapachol,  but  it  is  necessary  to  guard  against  an  excess  of 
hydrogen  bromide,  as  )3-lapachone  may  be  readily  changed  by  its  action 
into  other  substances.     The  perfectly  analogous  action  of  hydrogen 
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chloride  has  been  already  described,  and  in  this  case  it  was  found 
possible  to  isolate  the  intermediate  chlorhydrolapachol,  which  was 
subsequently  converted  into  y3-lapachone.  From  the  above  consider- 
ations, it  is  obvious  that  in  order  to  reduce  the  formation  of  ;3-lap- 
achoue  to  a  minimum,  or  to  prevent  it  altogether,  the  bromine,  and 
not  the  lapachol,  should  be  in  excess ;  hence  it  is  desirable  to  add  the 
lapachol  to  the  bromine,  and  not  bromine  to  the  lapachol.  Far 
better  results  were  obtained  after  the  importance  of  this  was  realised, 
and  better  results  were  thus  obtained  than  by  brominating  in  the 
presence  of  mercuric  oxide. 

The  following  method  of  preparing  bromo-/3-lapachone  will  be  found 
to  furnish  a  considerably  larger  yield  of  the  compound  than  that  given 
by  Paterno.  A  solution  of  30  grams  of  lapachol  in  400  c.c.  of  chloro- 
form is  added  at  one  operation  to  22  grams  of  bromine  in  200  c.c.  of 
chloroform  ;  both  solutions  should  be  ice-cold,  and  it  is  well  to  keep 
the  flask  containing  the  bromine  immersed  in  water  cooled  by  ice, 
until  the  whole  of  the  lapachol  has  been  added.  The  flask  is  then 
immediately  transferred  to  a  water-bath,  and  the  chloroform,  distilled 
off  completely  ;  the  distillation  must  not  be  delayed,  or  the  yield  of 
bromolapachone  will  be  diminished  ;  as  the  chloroform  distils  over, 
bromine  and  hydrogen  bromide  accompany  the  first  portions.  The 
residue,  an  orange  oil,  is  dissolved  in  75  c.c.  of  alcohol.  In  a  short 
time  bromo-/3-lapachone  commences  to  crystallise  out,  and  after  12  hours 
or  more  it  is  filtered  off,  and  washed  with  a  little  alcohol.  From 
25  to  26  grams  are  thus  obtained  in  a  very  pure  condition.  The 
mother  liquor  and  alcohol  washings  are  evaporated  to  about  35  c.c, 
a  crystal  of  bromo-/H-lapachone  is  then  added,  and  the  solution  covered 
to  prevent  evaporation,  and  set  aside  for  a  day  or  two  to  crystallise. 
From  this,  the  bromo-3-lapachone  separates  in  a  dense  crystalline  mass, 
upon  the  surface  of  which  compact  yellow  rosettes  of  dibromhydro- 
lapachol  are  deposited.  The  crystals  of  the  latter  are  scraped  off  as 
thoroughly  as  possible,  and  the  partial  mechanical  separation  thus 
effected  renders  easy  the  subsequent  purification  of  the  bromolap- 
achone by  crystallisation  from  alcohol.  The  total  yield  of  bromo-/3- 
lapachone  is  usually  rather  more  than  the  weight  of  the  lapachol 
operated  on.  It  occasionally  happens  that  a  small  quantity  of 
dibromo-^-lapachone*  is  deposited  from  the  mother  liquor  after  evapor- 
ation, together  with  the  other  compounds.  Dibromo-^-lapachone  is 
readily  distinguished  by  its  physical  properties  ;  it  is  obtained  under 
these  conditions  as  microscopic  needles  of  a  light  orange  colour, 
which,  owing  to  their  slight  solubility  in  alcohol,  can  be  readily  sepa- 
rated. 

*  Mr.  A.  D.  Gray  has  made  a  detailed  study  of  the  preparation  and  properties  of 
this  compound  in  my  laboratory.     The  results  obtained  will  shortly  be  published. 
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The  bromolapachone  was  first  carefully  compared  with  that  pre- 
pared as  directed  by  Paterno,  and  in  all  particulars  was  found  to  be 
identical.  A  bromine  estimation  was  made,  with  the  following 
result : — 

0*2588  gram  of  substance  gave  0*1502  AgBr. 

Calcalated  for 
Fovinrl.  C15H,  361-03. 

Br 24-69  24-92 

Bromolapachone  has  been  observed  by  Paterno  to  separate  from  its 
solution  in  alcohol  in  orange-red,  crystalline  plates.  While  able  to 
conBrm  this  observation,  the  author  has  also  obtained  it,  when  in  a 
pure  condition,  crystallised  in  tufts  of  fine  needles,  and  the  ease  with 
which  either  form  of  crystal  may  be  obtained  is  one  of  the  most 
striking  characteristics  of  this  compound. 

The  conditions  under  which  both  varieties  of  crystals  are  formed 
may  be  stated  generally  as  follows  : — 

From  slightly  impure  alcoholic  solutions,  bromolapachone  sepa- 
rates in  plates,  this  being  the  case  whether  the  solution  is  allowed  to 
remain  at  perfect  rest  or  be  disturbed  while  crystallisation  is  pro- 
ceeding. From  pure  concentrated  solutions,  bromolapachone  can  be 
readily  obtained  in  plates  by  keeping  the  solution  slightly  in  motion 
while  the  compound  is  crystallising  out.  If  the  compound,  crystal- 
lised in  plates  and  still  in  contact  with  its  saturated  mother  liquor, 
be  allowed  to  stand  one  or  more  weeks,  the  plates  will  be  gradually 
replaced  hy  tufts  of  needles.  This  change  is  believed  to  occur  only 
when  the  compound  is  in  a  very  pure  condition.  The  observation 
was  first  accidentally  made,  and  the  experiment  was  then  repeated 
several  times. 

Pure  solutions  protected  from  dust  and  allowed  to  stand  absolutely 
at  rest  frequently  deposit  the  compound  crystallised  entirely  in  tufts 
of  needles.  By  observing  only  partially  the  above  conditions,  both 
varieties  of  crystals  may  often  be  obtained  in  the  same  solution.  A 
saturated  solution  can  be  made  to  deposit  the  compound  entirely  in 
needles  or  plates  by  introducing  the  desired  form  of  crystal  to  start 
crystallisation. 

The  above  remarks  apply  to  all  alcoholic  solutions  of  bromolap- 
achone, whether  obtained  from  needles  or  plates. 

The  melting  points  of  the  two  varieties  of  crystals  differ  only  very 
slightly,  if  at  all.  That  of  the  plates  was  found  to  be  138*5°;  that  of 
the  needles,  138''. 

A  combustion  of  the  needles  gave  the  following  results  : — 
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0-2399  gram  of  substance  gave  0'4932  gram  CO2  and  0-0870  gram 
H2O. 

Calculated  for 
Found.  CisHiaBrOy. 

C 56-06  56-07 

H 4-02  4-04 

Bromo-/8-lapachone  does  not  form  an  addition  product  with  bromine, 
as  it  might  be  expected  to  do  if  it  were  in  reality  bromolapachol  as 
suggested  by  Paterno.  ,  The  author  has  allowed  it  to  remain  for 
several  days  in  contact  with  the  theoretical  quantity  of  bromine  in 
chloroform  solution,  but  has  not  observed  the  formation  of  any  addi- 
tion compound.     Bromolapachone  was  recovered  unchanged. 

Bromo-/8-lapachone  does,  however,  form  unstable  addition  products 
with  hydrogen  chloride  and  bromide.  In  order  to  prepare  the 
bromine  compound,  bromolapachone  is  immersed  in  concentrated 
aqaeous  hydrobromic  acid,  in  which  it  dissolves  readily.  In  the  course 
of  a  few  minutes  the  addition  compound  separates  in  orange  needles. 
The  compound  may  be  washed  with  concentrated  hydrobromic  acid 
and  dried  on  a  porous  plate,  but  it  commences  to  decompose  almost 
as  soon  as  it  is  removed  from  the  acid  solution,  giving  off  hydrogen 
bromide,  and  becoming  reconverted  into  bromo-^-lapachone.  The 
compound  is  immediately  decomposed  by  contact  with  water.  The 
chlorine  compound  is  similar,  but  less  easy  to  prepare,  owing  to 
bromo-yS-lapachone  being  much  less  soluble  in  hydrochloric  than  in 
hydrobromic  acid.  The  very  instability  of  these  compounds  is  sufficient 
evidence  that  they  are  not  such  as  would  be  required  to  give  support 
to  Paterno's  bromolapachol  formula ;  nevertheless  it  is  desirable  that 
their  existence  should  be  recorded.  The  compounds  were  not 
analysed. 

Bromo-y3-lapachone  is  readily  converted  into  lapachol  by  the 
action  of  zinc-dust  in  alkaline  solution  (compare  Paterno  and  Caberti, 
Gazzetta,  21,  374).  This  is  best  accomplished  as  follows:  — To 
1  gram  of  finely  powdered  bromo-/3-lapachone  small  quantities  of 
10  per  cent,  sodic  hydrate  are  gradually  added,  and  the  substance  is 
simultaneously  carefully  mixed  until  the  whole  is  thoroughly  mois- 
tened and  no  longer  repels  the  alkaline  solution.  The  quantity  of 
sodic  hydrate  used  is  then  increased  to  15  c.c,  and  1  gram  of  zinc-dust 
is  added.  The  solution  is  allowed  to  stand  for  about  40  minutes  in  a 
loosely  corked  flask,  being  slightly  agitated  at  intervals,  and  is  then 
diluted  with  about  100  c.c.  of  water.  After  the  zinc-dust  has  com- 
pletely separated,  the  solution  is  poured  off,  and  air  is  drawn  through 
it  for  an  hour  or  two  until  thoroughly  oxidised.  It  is  then  filtered 
and  poured  into  an  excess  of  dilute  hydrochloric  acid  ;  lapachol  sepa- 
rates entirely  free  from  resin,  and  equal  in  quantity  to  at  least  75  per 
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cent,  of  the  theoretical  yield.  This  action,  which  is  full  of  theoretical 
interest,  has  been  already  discussed  in  the  opening  pages  of  this 
paper. 

Bromo-y3-lapachone  dissolves  readily  in  a  warm  solution  of  acid 
sodic  sulphite,  from  which  colourless  crystalline  leaflets  are  deposited. 

Orthotoluylenediamine  and  bromolapachone  readily  react  in  alco- 
holic solution :  the  azine  obtained  will  be  described  in  detail  in  a 
subsequent  paper. 

That  the  bromine  of  bromo-/3-lapachone  is  not  situated  in  the 
naphthalene  nucleus  is  abundantly  proved  by  the  formation  of  phthalic 
acid  on  oxidation  (Paterno),  and  further  by  the  ease  with  which  it  is 
removed  by  dilute  alkalis. 


CO 

Dihromhydrolapachol, 

CO 

The  yellow  substance  obtained  from  the  mother  liquor  in  the  pre- 
paration of  bromolapachone  (see  p.  640),  and  still  mixed  with  some 
of  the  latter,  is  purified  by  repeated  recrystallisation.*  The  mix- 
ture is  dissolved  in  a  small  quantity  of  alcohol,  and  crystallisation 
started  by  the  addition  of  a  crystal  of  bromolapachone  or  of  the 
dibromo-compound,  according  as  the  one  or  the  other  of  these  is  pre- 
sent in  the  larger  quantity.  It  will  be  found  possible  by  the  succes- 
sive introduction  of  crystals  of  the  two  substances  into  the  same 
solution  to  obtain  first  the  one  compound  and  then  the  other,  each,  in 
a  comparatively  pure  condition.  The  mother  liquor  may  then  be  con- 
centrated by  evaporation,  and  the  crystallising  operation  repeated. 
A.fter  preliminary  separation  in  this  manner,  no  difficulty  will  be 
experienced  in  obtaining  the  substance  quite  pure  by  several  recrystal- 
lisations  from  alcohol. 

Dihromhydrolapachol  as  thus  prepared  forms  yellow,  crystalline 
plates  closely  resembling  lapacbol  and  ehlorhydrolapachol  in  appear- 
ance. The  crystals  effloresce,  however,  on  exposure  to  the  air,  and 
were  found  on  analysis  to  contain  alcohol  of  crystallisation.  Only  a 
small  portion  of  the  alcohol  is  lost  at  ordinary  temperatures,  and  even 
prolonged  exposure  at  80°  was  found  insufficient  to  completely  expel 
it.     At  100°  the  alcohol  is  all  given  off. 

*  Dihromhydrolapachol  cannot  be  separated  from  the  admixed  bromolapachone 
by  extraction  with  sodic  or  potassic  hydrate  :  even  a  very  dilute  solution  of  the 
alkali  decomposes  it  with  elimination  of  the  bromine. 

VOL.  LXl.  2  Z 


644  HOOKER:   THE   CONSTITUTION   OF 

I.  0"8Q74  gram  of  substance  heated  to  100°  until  constant  in  weight 

lost  0-0291  gram. 
II.  0-2403  gram  gave  0-3988  gram  CO2  and  0-0855  gram  H2O. 
III.  0-2832  „  0-2084      „     AgBr. 

Found. 

Calculated  for  , '• , 

3C,5Hi4Br203,C2U60.  I.                 II.  III. 

CaHfiO 3-67  3-60           —  — 

C 45-04  "          45-06  — 

H 3-83  —            3-95  — 

Br  38-33  —             —  38-02 

The  substance,  heated  at  100°  until  constant  in  weight,  was  also 
analysed  with  the  following  results  : — 

I.  0-2278  gram  gave  0-3707  gram  CO2  and  0-0684  gram  HgO. 
II.  0-2698  „  0-2491       „     AgBr. 

round. 

Calculated  for  (— * ^ 

CisH^BrsOg.  I.  II. 

C 44-77  44-38  — 

H 3-48  3-33  — 

Br 39-80  —  39-28 

Finally,  the  substance,  previously  completely  purified  by  crystallisa- 
tion from  alcohol,  was  dissolved  in  benzene,  and  after  the  addition  of 
light  petroleum,  set  aside  to  crystallise.  It  was  t^us  obtained  in 
plates,  resembling  those  deposited  from  alcohol,  but  entirely  free  from 
alcohol,  benzene,  &c. 

0-2307  gram  of  substance  gave  0-3782  gram  CO2  and  0-0742  H2O. 

Calculated  for 

Ci5Hi4Br203.  Found. 

C   44-77  44-70 

H 3-48  3-57 

Dibromhydrolapachol  dissolves  readily  in  boiling  alcohol,  benzene, 
chloroform,  acetone,  acetic  acid,  &c.  The  crystals  deposited  from 
acetic  acid,  like  those  from  alcohol,  effloresce  on  exposure  to  the 
air. 

When  crystallised  from  benzene  and  light  petroleum,  it  melts  at 
132°;  when  containing  alcohol  of  crystallisation,  the  melting  point  is 
slightly  lower. 
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Dibromhjdrolapacliol  is  formed  by  the  direct  addition  of  broiniue 
to  lapachcl;  thus  : — 

ra  ro. 

CioHJ  CHiCH-CsH,  +  Br^  =  CioHJ  CHBr-CHBrCsH- 

LOH  [oh 

by  far  the  greater  part  of  the  latter,  however,  is  immediately  con- 
verted into  bromo-/^-lapachone  with  elimination  of  hydrogen  bromide.* 
This  is  all  the  more  surprising,  as,  contrary  to  expectation,  dibroni- 
hydrolapachol,  in  a  pure  condition,  exhibits  but  a  very  slight  tendency 
to  pass  into  brorao-jS-lapachone.  It  might  at  first  be  supposed  that  the 
hydrogen  bromide  or  bromine  present  played  some  important  part  in 
bringing  about  this  change ;  but  dibromhydrolapachol  has  been 
proved  by  the  experiments  given  below,  to  be  perfectly  stable  in 
contact  with  these  substances  in  chloroform  solution,  and  hence  it  is 
difficult  to  explain  why  the  transformation  into  bromo-/3-lapachone 
occurs. 

It  is  not  impossible  that  the  whole  of  the  dibromhydrolapachol  first 
formed  may,  under  the  conditions  of  the  experiment,  at  the  moment  of 
formation,  pass  into  bromolapachone  ;  and  later,  the  conditions  having 
changed,  that  the  bromolapachone  may  be  in  part  reconverted  by  the 
hydrogen  bromide  present,  into  dibromhydrolapachol,  thus  : — 

CioH4<  CHBr-CH-CaH,  +  HBr  =  CioH4<{  CHBr-CHBr-CaH;. 
[O-— ^  tOH 

Owing  to  the  readiness  with  which  hydrogen  bromide  attacks 
bromolapachone  in  chloroform  solution,  with  the  formation  of  a  variety 
of  products,  I  have  not,  so  far,  been  able  to  obtain  any  conclusive 
experimental  evidence  in  corroboration  or  refutation  of  this  view ;  but 
there  is  an  almost  exact  parallel  in  the  case  of  chlorhydrolapachol, 
which  can  be  obtained  from,  or  converted  into,  /3-lapachone,  by  the 
action  of  hydrochloric  acid  under  varying  conditions. 

A  small  quantity  was  dissolved  in  chloroform,  and  hydrogen 
bromide  passed  through  the  solution,  the  light-yellow  colour  of 
which  remained  unchanged  :  there  was  no  indication  of  the  formation 
of  bromo-/5-lapachone. 

The  solution,  saturated  with  hydrogen  bromide,  was  still  yellow, 
after  standing  12  hours,  and  the  residue   left  on  the  evaporation  of 

*  Only  about  3  per  cent,  of  the  lapaehol  used  in  the  preparation  of  bromo-/8- 
lapachoiie  was  obtained  as  dibromhydrolapachol.  Many  variations  were  made  in 
the  method  of  brominating  without  increasing  tlie  yield.  The  presence  of  mercuric 
oxide  exerted  no  beneficial  effect. 

2  z  2 
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the  chloroform  was  completely  soluble  in  dilute  sodic  hydrate,  and 
hence  contained  no  bromo-/3-lapachone. 

A  solution  of  0*33  gfrara  of  bromine  in  10  c.c.  of  chloroform  was 
gradually  added  to  083  gram  of  dibromhydrolapachol  (the  whole  at 
that  time  available),  also  dissolved  in  10  c.c.  of  chloroform.  The  solution 
was  set  aside  to  evaporate  spontaneously ;  the  residue  once  crystallised 
from  alcohol  was  recognised  as  the  unchanged  substance  by  its  meUing 
point,  by  its  solubility  in  dilute  sodic  hydrate,  and  other  properties. 

Concentrated  sulphuric  acid  dissolves  dibromhydrolapachol  to  an 
orange-red  solution,  and  slowly  converts  it,  with  evolution  of  hydrogen 
bromide,  into  bromo-/3-lapachone,  thus  : — 

rOoa,ai  rO.,a^ 

CioH4<^  CHBr-CHBr-CsH^  =  CioH4<  CHBr-CH-CaHv  +  HBr. 

loH/3  Icr-^ 

0'5  gram  was  dissolved  in  2  c.c.  of  concentrated  sulphuric  acid  ; 
the  solution  soon  commenced  to  fume  slightly,  but  the  evolution  of 
hydrogen  bromide  was  not  sufficiently  rapid  to  cause  the  formation 
and  escape  of  bubbles  of  the  gas.  Soon  after  the  compound  had  com- 
iiletely  dissolved,  the  sulphuric  acid  solution  was  poured  into  about 
100  c.c.  of  watpr.  An  orange-coloured  precipitate  formed,  which 
collected  into  a  lump,  and  soon  hardened ;  this  proved  to  be  the  un- 
changed substance,  accompanied  by  a  small  quantity  of  an  orange 
compound,  and  when  once  crystallised  from  alcohol  it  melted  sharply 
at  130 — 131°.  It  was  redissolved  in  about  the  same  quantity  of  con- 
centrated sulphuric  acid,  and  this  time  allowed  to  stand  16  hours  ; 
when  poured  into  water,  an  orange  precipitate  was  formed,  which 
became  crystalline  on  standing.  Crystallised  from  alcohol,  the  com- 
pound was  found  to  be  no  longer  soluble  in  sodic  hydrate ;  it  was 
orange  in  colour,  and  was  recognised  by  its  melting  point  and  other 
properties  to  be  bromo-/3-lapachone,  crystallising  like  this  compound 
in  the  two  characteristic  forms  described  above. 

The  action  of  dilute  alkalis  on  dibromhydrolapachol  is  interesting, 
as  it  gives  additional  evidence  of  the  relation  existing  between  it  and 
bromo-^-lapachone.  It  will  be  shown  in  the  following  pages  that 
boiling  aqueous  alkalis  convert  bromo-/3-lapachone  into  dihydroxy- 
hydrolapachol,  as  indicated  in  the  following  equation  : — 

CioHJ  CHBr-CH-CsH,  -f-  2H2O  =  CoBJ  CH-0H-CH(0H)-C3H7 
LO-— ^  LOH/3 

\....  +  HBr. 

Similarly,  dihydroxyhydrolapachol  is  also  formed  by  the  action  of 
alkalis'  on  dibromhydrolapachol. 
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CioH4<  CHBr-CHBr-CaH:  +  2H2O  =  CioH J  CH(0H>CH(0H>C3Hr 
LOH/3  [OR/i 

+  2HBr. 

One  gram  of  the  finely  powdered  substance  was  immersed  in  50  c.c. 
.of  a  1  per  cent,  solution  of  sodic  hydrate ;  it  dissolved  readily,  giving 
an  intensely  red  solution,  which,  although  at  first  bright,  became 
turbid  after  a  few  minutes  from  the  separation  of  a  very  small 
quantity  of  an  orange-red  substance,  which  was  filtered  oft'  shortly 
afterwards.  The  alkaline  filtrate  was  then  allowed  to  stand  about  12 
hours,  during  which  time  a  slight  additional  deposit  of  a  greenish 
colour  was  formed.  The  solution,  once  more  filtered,  was  acidified 
with  acetic  acid,  and  a  compound  was  thus  obtained,  on  standing, 
having  all  the  properties  of  dihydroxyhydrolapachol.  When  crystal- 
lised from  alcohol,  it  still  contained  slight  traces  of  bromine,  and  was, 
therefore,  once  more  dissolved  in  dilute  sodic  hydrate  and  reprecipi- 
tated.  After  crystallisation  from  acetic  acid,  all  traces  of  bromine  had 
disappeared,  and  the  compound  proved  to  be  pure  dihydroxyhydro- 
lapachol. 

It  is  an  interesting  fact  that,  while  dibromhydrolapachol  dissolves 
with  great  readiness  in  dilute  caustic  soda,  it  is  but  slowly  dissolved 
by  a  moderately  concentrated  solution. 

CO 

,/^,/'^CCH(0H)CH(0H)C3H; 
Dihydroxyhydrolajoachol, 


CO 

This  compound  is  formed  by  the  action  of  caustic  alkalis  on  bromo- 
/3-lapachone,  or  on  hydroxy-/i-lapachone,  and  also  on  dibromhydro- 
lapachol. It  is  best  prepared  as  follows  : — 12  grams  of  finely  powdered 
bromolapachone  and  900  c.c.  of  a  I  per  cent,  solution  of  caustic  soda 
are  boiled  together  with  a  reflux  condenser.  The  bromolapachone 
dissolves  slowly  to  an  intense  carmine-red  solution.  At  the  end  of 
15  minutes  the  boiling  is  discontinued  and  the  solution  filtered.  Stray 
crystals  of  bromolapachone  which  have  escaped  grinding  and  are 
consequently  able  to  resist  the  action  of  the  potash  for  a  long  time, 
are  thus  removed ;  a  small  quantity  of  a  green  substance,  formed 
by  the  action  of  the  soda,  is  also  retained  on  the  filter  paper.  A 
slight  excess  of  acetic  acid  is  added  to  the  filtered  solution  when  cold, 
resulting  in  the  immediate  formation  of  a  precipitate  in  small 
quantity,  consisting  of  a  brownish  substance.  This  is  removed  as 
quickly  as  possible  by  filtration  through  a  folded  paper  of  compai-a- 
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tivelj  large  size.  The  filtration  must  be  promptly  accomplished, 
otherwise  the  substance  will  commence  to  crystallise  out  before  the 
separation  of  the  brown  impurity  has  been  effected.  In  a  very  few 
minutes  after  acidifying,  the  dihydroxy-derivative  commences  to  bo 
deposited  from  the  now  orange-red  solution  in  compact,  yellow,  crys- 
talline grains.  The  separation  occurs  slowly,  the  solution  becoming 
simultaneously  lighter  in  colour.  In  the  course  of  24  hours  the 
crystallisation,  which  can  be  considerably  promoted  by  vigorous  stir- 
ring, is  complete,  and  the  compound  can  be  collected,  washed  well 
Avith  water,  and  dried.  The  compound,  as  thus  obtained,  is  almost 
])iire:*  12  grams  of  bromolapachone  give  rather  more  than  8  grams 
of  the  new  product.  It  can  be  obtained  pure  by  one  crystallisation 
from  acetic  acid.  For  analysis  it  was  crystallised  from  alcohol,  in 
which  it  is  not  very  solnble.  A  qualitative  test  showed,  that  the 
bromine  had  been  removed. 

0-1867  gram  gave  0-4442  COo  +  0-0989  HoO. 


C 
H 


Calculated  for 

Found. 

C,5Kl605. 

64-88 

65-21 

5-88 

5-79 

Dihydroxyhydrolapachol  melts  at  181 — 182°.  Like  bromolapachone, 
it  crystallises  from  95  per  cent,  alcohol  in  two  apparently  different 
forms.  No  special  experiments  were  made  to  determine  the  con- 
ditions governing  the  formation  of  each  variety  of  crystal,  and  some- 
times .the  one  form,  sometimes  the  other,  would  be  obtained  under 
apparently  similar  conditions.  One  modification  (that  analysed) 
consists  of  small,  prismatic  crystals,  often  g-rouped  together  in  the 
form  of  compact  stars  ;  the  other,  of  very  fine,  long  needles,  crystal- 
lising in  tufts. 

Like  hydroxyhydrolapachol  and  lapachol,  it  forms  stable  metallic 
derivatives  which  are  not  decomposed  by  carbon  dioxide.  The  colour 
of  their  solutions  is  similar  to  that  of  those  of  lapachol.  The  strontia 
compound  is  the  only  one  of  those  examined  v»^hich  can  be  readily 
obtained  in  a  crystalline  form.  It  consists  of  very  small,  dark-red 
needles.  The  lime,  barium,  and  silver  compounds  were  obtained  as 
amorphous  films  only. 


*  If  the  crude  substance  be  dissolved  in  a  rery  sliglit  excess  of  1  per  cent,  sodic 
liydrate  and  immediate] j  filtered,  orange  crystals  consisting  of  Paterno's  isola))- 
achone  will  be  retained  on  the  filter-paper.  This  substance  was  most  carefully 
identified  by  its  fusing  point  and  by  a  variety  of  reactions  as  yet  unpublislied, 
which  Mr.  Shepard  has  found  to  be  characteristic  of  the  compound  prepaied  as 
dcj^eribed  by  Patern6. 
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The  action  of  concentrated  sulphuric  acid  on  dihydroxjhydrolap- 
achol  is  being  studied  at  the  present  time  in  my  laboratory.  Some 
interesting  results  have  been  obtained. 

Concentrated  hydrochloric  acid  dissolves  dihydroxyhydrolapachol 
slowly,  simultaneously  converting  it  into  hydroxy-y3-lapachone , 

O-CH-CgH; 

c  c5h-oh 
Ac 


Sydroxy-^-lapachone, 


CO 


Hydroxy-/?-lapachone  is  readily  formed  by  the  action  of  dilute 
mineral  acids  on  dihydroxyhydrolapachol.  The  compound  was  pre- 
pared for  analysis  as  follows  : — 

To  a  solution  of  1'36  grams  in  the  smallest  possible  quantity  of 
boiling  95  per  cent,  alcohol,  5  c.c.  of  concentrated  hydrochloric  acid 
were  added :  the  colour  of  the  solution  changed  to  an  intense  orange- 
red.  After  boiling  for  one  or  two  minutes,  the  solution  was  diluted 
with  water  as  long  as  a  precipitate  was  produced  ;  in  this  way  a 
considerable  portion  of  the  hydroxylapachone  was  obtained  in  small, 
orange-red  needles.  The  filtrate,  still  orange  in  colour,  was  evapo- 
rated until  a  crust  of  crystals  had  formed  upon  its  surface,  and  these 
were  separated  from  the  solution  when  cool.  Total  yield,  1*15  grams. 
The  substance,  on  being  purified  by  crystallisation  from  dilute  alcohol, 
separated  in  red  needles,  melting  at  201*5°,  and  closely  resembling 
y^-Iapachone  in  appearance. 

0-2507  gram  gave  0*6401  CO2  +  0*1228  H^O. 

Calculated  for 
Found.  C15H14O4. 

C 69-63  69*76 

H 5-44  5*42 

Although  the  above  method  of  preparing  hydroxy-y3-lapachone  is 
entirely  satisfactory  in  operating  with  small  quantities,  it  is  not  so 
well  adapted  to  the  preparation  of  the  compound  on  a  larger  scale, 
owing  to  the  comparatively  large  volume  of  alcohol  needed  to  dis- 
solve the  dihydroxyhydrolapachol. 

The  following  method,  which  was  subsequently  discovered,  will  bo 
found  generally  far  more  convenient,  and  is  probably  equally  well 
adapted  to  the  preparation  of  the  compound  in  large  or  small  quanti- 
ties. 2  grams  of  finely  powdered  dihydroxyhydrolapachol  were 
immersed  in  5  c.c.  of  concentrated  hydrochloric  acid,  sp.  gr.  1*20. 
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After  standing  in  a  corked  flask  for  about  an  hour,  the  compound  Was 
found  to  have  completely  dissolved.  The  acid  solution  was  then 
poured  into  about  100  c.c.  of  water,  when  hydroxy-y3-lapaclione  separ- 
ated in  a  very  pure  form.  Yield,  1'72  grams.  The  filtrate  and  aqueous 
washings  were  evaporated  on  a  water-bath,  and  a  further  yield  of 
about  008  gram  was  obtained,  making  in  all  1'80  grams.  The  yield 
is  therefore  theoretical,  the  calculated  figures  being  1*86. 

Hydroxy-/3-lapachone,  like  yS-laptichone  and  bromo-/3-lapachone,  is 
almost  insoluble  in  alkalis,  in  the  cold  ;  on  boiling,  however,  it  readily 
passes  into  solu,tion.  35  c.c.  of  1  per  cent,  solution  of  caustic  potash 
and  1"35  grams  of  hydroxylapachone  were  heated  for  several  minutes 
at  the  boiling  point.  The  solution  was  then  filtered,  cooled,  and 
acidified  with  acetic  acid.  Crystals  commenced  to  form  almost  im- 
mediately, but  the  separation  was  not  complete  for  some  hours.  After 
crystallisation  from  alcohol,  the  compound  melted  at  181 — 182°,  and 
in  other  respects  was  found  to  be  identical  with  dihydroxyhydro- 
lapachol  obtained  as  above  described  from  bromolapachone.  The 
yield  of  the  substance  was  almost  theoretical;  1"35  grams  gave  1'3G 
grams  of  the  dihydroxy-derivative,  1*45  being  required  by  theory. 

0-1834  gram  gave  0*4390  CO2  -j-  0-0958  H2O. 

Calculated  for 
Found.  C15H16O5. 

C 65-28  65-21 

H 5-80  5-79 
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By  J.  L.  HosKYNS  Abrahall,  B.A.  (Oxon.),  Ph.D.  (Munich),  late 
Bishop  Berkeley  Fellow  of  the  Owens  College,  Manchester. 
(Edited  by  T.  Ewan  and  P,  J.  Hartog,  of  the  Owens  College.) 

Prefau,. 

[The  work  recorded  in  the  following  memoir  was  carried  out  by  the 
author  during  the  years  1889-91  in  Professor  Dixon's  laboratory  at 
the  Owens  College.  It  was  brought  to  an  end  by  his  untimely  death 
in  October,  1891*. 

*  See  obituary  notice,  in  the  Manchester  Gttardian,  Oct.  I7tb,  1891,  and  in  this 
Journal,  Trans.,  1892,  p.  486. 
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This  memoir  has  been  drawn  up  mainly  frem  the  contents  of  five 
rough  note-books,  which  contain  the  actual  record  of  the  author's 
experiments  as  they  were  performed  in  the  laboratory.  But  certain 
missing  particulars,  with  regard  to  the  preparation  and  titrations, 
the  editors  have  been  obliged  to  fill  in  from  their  own  knowledge  ; 
whilst  for  others  they  are  indebted  to  Messrs.  Harden,  Ormandy, 
and  Stanton,  whom  they  here  desire  to  thank.  The  atomic  weights 
had  in  most  cases  only  been  calculated  approximately  from  the 
observations ;  for  the  application  of  corrections,  and  for  the  cal- 
culations of  which  the  results  are  now  given,  the  editors  are 
responsible.  They  feel  deeply  how  much  more  imperfect  must  be 
the  present  exposition  of  the  research  than  that  which  the  author 
would  have  given ;  but,  as  they  were  better  acquainted  with  its 
details  than  any  other  of  his  friends,  they  undertook  the  task  of 
editing  it. 

It  may  be  added  that  a  considerable  number  of  bulbs  filled  with 
the  various  fractions  of  boron  bromide,  which  served  for  the  last 
series  of  determinations,  have  been  preserved.  These  were  intended 
for  additional  experiments.  The  editors  hope  that,  before  long,  this 
material  may  be  utilised. — T.  E  ,  P.  J.  H.] 


Historical  Introduction, 

The  element  boron  was  isolated  almost  simultaneously  by 
Davy  (Phil.  Trans. ^  1808,  i,  43)  and  by  Gay-Lussac  and  Thenard 
{Annates  de  Chimie,  68,  169  and  Recherches  Fhysico-chimiques, 
1811,  i,  308),  who  found,  by  oxidising  boron  with  nitric  acid,  that 
the  sesquioxide  contains  about  one- third  of  its  weight  of  oxygen. 
This  number  would  give  48  as  the  atomic  weight  of  boron. 
Almost  at  the  same  time,  H.  Davy  (Phil.  Trans. ^  1809,  i,  82)  also 
obtained  free  boron,  and  found,  by  burning  it  in  oxygen,  that  the 
oxide  was  composed  of  1  part  of  boron  and  1*8  parts  of  oxygen,  from 
which  number  the  atomic  weight  of  boron  is  calculated  to  be  13*3. 
The  first  accurate  determination  of  the  atomic  weight  is  due  to 
Berzelius  (Ann.  Phys.  Chem.,  1824,  2,  128),  who  estimated  tlie 
amount  of  water  of  crystallisation  in  borax.  The  borax  was  first 
fused  in  order  to  destroy  organic  matter,  and  then  recrystallised  and 
dried  between  sheets  of  filter-paper  for  24  hours,  after  which  it  was 
powdered  and  exposed  to  the  air  for  varying  lengths  of  time  in 
order  to  get  rid  of  mechanically  enclosed  w^ater.  A  weighed 
quantity  of  the  substance  was  heated  carefully  in  a  platinum  crucible 
until  it  finally  melted  at  a  red  heat.  Three  experiments  which 
gave  identical  results  showed  that  the  percentage  of  water  in  borax 
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is  47'1.*  The  atomic  weight  recalculated  from  this  numberf  is 
B  =  11059. 

In  1849  (Compt.  rend.,  29,  7  ;  and  /.  pr.  Ghem.,  47,  415),  Laurent 
published  a  further  determination  of  the  water  of  crystallisation  of 
borax.  He  found  that  on  throwing  a  piece  of  iron  into  melted  borax, 
hydrogen  was  evolved,  and  concluded  that  the  whole  of  the  water 
was  not  driven  off  from  this  salt  by  simple  fusion.  He  therefore 
mixed  it  with  about  one-tenth  of  its  weight  of  powdered  Iceland  spar, 
and  thus  obtained  the  numbers  47'15  and  47'20  for  the  percentage  of 
water.  He  did  not,  however,  regard  his  experiments  as  very  exact. 
The  atomic  weights  recalculated  from  these  resultsf  are  10*978  and 
10-857;  mean  =  10-917. 

Finally,  in  1859,  Dumas  (Ann.  Chim.  Phys.  [8],  55,  181,  1859) 
included  in  his  well-known  memoir  on  atomic  weights  the  record  of 
three  experiments  made  by  Deville,  in  which  boron  chloride  and  boron 
bromide  were  precipitated  with  silver.  The  atomic  weights  recalcu- 
lated from  Deville's  experimentsf  are  as  follows  : — • 

(a)  from  BCI3 10*808 

(6)  from  BBra 10*964 

The  discrepancies  between  the  results  obtained  by  previous 
observers  led  the  author  to  undertake  a  redetermination  of  the 
atomic  weight  in  question.  For  this  purpose,  he  performed  three  series 
of  exper''ments,  depending  on  (1)  the  estimation  of  the  water  of 
crystallisation  in  borax,  and  (2)  the  estimation  of  the  amount  of 
silver  necessary  to  precipitate  the  bromine  of  a  given  weight  of  boron 
bromide  (preliminary  and  final  series). 

Determination  of  the  Water  of  Crystallisation  in  Borax^ 
Na2B4OT,10H3O. 

The  borax  used  was  recrystallised  once  slowly,  and  twice  suddenly, 
from  a  supersaturated  solution  in  ordinary  distilled  water,  and,  finally, 
a  fourth  time  from  a  supersaturated  solution  in  redistilled  water.  The 
small  crystals  thus  obtained  were  freed  from  the  mother  liquor  by 
means  of  the  water-pump,  and  allowed  to  stand  in  a  vacuum  of  5  mm. 
over  anhydrous  borax  for  a  week. 

Owing  to  the  fact  that  on  heating  crystallised  borax  in  the  air  it 

*  The  weights  seem  only  to  have  been  determined  to  the  centigram. 

t  In  the  following  memoir,  we  have  used  throughout  the  following  atomic 
weights:  O  =  16,  Na  =  23-051,  Ag  =  107-923,  Br  =  79-951,  the  numbers  calcu- 
lated by  Clarke  {Constants  of  Nature).  We  have  taken  II  =  1-0077,  this  number 
being  the  mean  of  the  numbers  given  by  Stas  (1-0075),  Cooke  and  Eichards 
(1-0083),  Noyes  (1-0072),  Eayleigh  (1-0069),  and  Dittmar  and  Henderson  (1-0085). 
(See  Eamsay  in  the  Year-book  of  Science  for  1891,  p.  132.)— T.  E.,  P.  J.  H. 
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swells  up  to  an  enormous  extent,  it  was  found  extremely  difficult  to 
drive  off  the  water  in  this  way  without  incurring  mechanical  loss  of 
the  substance.  The  following  process  of  dehydration  was,  therefore, 
used.  The  borax  was  weighed  in  a  platinum  crucible,  and  this  was 
supported  on  a  pipeclay  triangle,  and  slipped  into  a  wide  glass  tube, 
sealed  up  at  one  end  (AB,  Fig.  1).  A  lump  of  quicklime  was  then 
introduced  into  the  tube,  and  the  end  closed  with  a  well-fitting  india- 
rubber  stopper,  through  which  passed  a  tube  connected  with  a  closed 
manometer,  D,  and,  further,  at  E  with  a  water-pump  capable  of 
reducing  the  pressure  to  the  vapour  tension  of  water.  The  end  of  the 
glass  tube  AB,  in  which  the  platinum  crucible  stood,  was  placed  in  an 
air-bath   made   from  a  biscuit  tin.     The  crucible  was  thus  heated  in 

Tig.  1. 


m= 


& 


^^^^] 


\ 


various  experiments  for  very  different  lengths  of  time  (5 — 20  hours) 
to  between  250°  and  300°  ;  but  practically  the  whole  of  the  water 
that  could  be  expelled  at  this  temperature  was  found  to  come  off  in 
the  first  three  or  four  hours.  About  ^  per  cent,  of  water  still 
i-emained  in  the  substance  after  the  longest  continued  heating.  To 
remove  this  residual  quantity  of  water,  the  crucible  was  taken  out 
of  the  tube  and  heated  over  the  naked  flame  of  a  Bunsen  burner 
until  the  weight  became  approximately  constant ;  in  some  cases  the 
final  heating  was  done  with  a  blowpipe. 

The  experiments  recorded  below  were  only  considered  by  the 
author  as  preliminary,  and  were  carried  out  in  order  to  determine 
under  what  conditions  they  must  bo  performed  to  be  sufficiently 
accurate  for  atomic  weight  determinations. 

The  following  experiment  shows  that  no  boracic  acid  or  other  sub- 
stance is  volatilised  with  the  water  of  crystallisation  at  265°  in  a 
vacuum.  A  certain  quantity  of  borax  was  introduced  into  a  tube, 
a  plug  of  asbestos  was  then  inserted,  the  tube  exhausted;  and  all  the 
water  which  came  over  on  heating  was  condensed  and  collected. 
It  did  not  act  on  turmeric  paper,  and  left  no  appreciable  residue 
when  left  to  evaporate  in  the  cold  over  sulphuric  acid. 
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It  was,  however,  found  on  heating  melted  borax  over  a  blowpipe 
that  the  flame  was  coloured  yellow,  which  seems  to  show  that  it 
volatilises,  at  least  to  some  minute  extent,  at  high  temperatures. 

It  was  observed  that  on  prolonged  heating  over  a  Bunsen  burner 
the  weight  of  the  crucible  and  contents,  which  diminished  at  first, 
finally  began  to  increase.  This  final  increase  may  have  been  due  to 
absorption  of  sulphur  from  the  flame. 

The  following  are  the  results  of  these  preliminary  experiments,  of 
which  the  data  are  sufficiently  complete  to  allow  of  an  atomic  weight 
being  calculated  from  them  : — 


No.  of 

expt. 

Corrected  weight  of 
Na^B^Oy  +  IOH2O. 

Corrected  weight 
of  residual 
Na,B407. 

Percentage 
of  U^0^ 
found. 

Atomic 
weight  of  B. 

A  85 

A  91 

A 113 

A  129 

A  131 

7-00667 
12  -95936 
4-65812 
7-47208 
4  -94504 

3  -69587 
6  -82560 
2-45248 
3  -93966 
2  -60759 

47  -2069 
47-3308 
47  -3504 
47  -2763 
47  -2686 

10-843 
10-593 
10  -554 
10 -703 
10-719 

The  numbers  of  the  experiments  given  in  Column  1  correspond  to 
the  pages  of  the  note-book  on  which  they  are  recorded.  The  weights 
of  hydrated  and  anhydrous  borax  were  corrected  for  buoyancy  in 
air. 

As  has  already  been  said,  the  weight  of  the  fused  borax  in  some 
cases  reached  a  minimum  value,  after  which  it  increased.  This 
minimum  value  (corresponding  to  the  highest  percentage  of  water) 
has  in  these  cases  been  taken  as  the  final  weight  of  the  fused  borax. 
The  weighings  (performed  by  the  method  of  vibrations)  were  prob- 
ably accurate  to  yV  luilligram.  They  have  been  corrected  for  errors 
in  the  weights  used  and  for  buoyancy  in  air.  [For  a  full  account  of 
the  application  of  these  corrections  see  p.  661.]  A^  the  fourth  place 
of  decimals  is  probably  correct  in  the  actual  weighings,  the  fifth 
place  has  been  preserved  in  the  corrected  numbers. 

The  following  remarks  on  the  single  determinations  may  be  of 
value  : — In  A  91  and  A  113,  the  borax  was  finally  heated  in  a  small 
Fletcher  furnace  capable  of  melting  cast  iron  easily.  In  both  cases 
the  temperature  was,  therefore,  exceptionally  high,  and  the  loss 
exceptionally  great ;  the  atomic  weight  calculated  from  the  result  is 
therefore  low.  A  129  and  A  131  were  the  two  last  experiments  made, 
and  are  probably  more  worthy  of  confidence  tha.n  the  preceding  ones. 
In  A  131,  the  borax  was  finally  fused  over  the  blowpipe.  The  actual 
weighings  in  a  given  instance  are  quoted  to  show  the  variations  which 
occur  on  prolonged  heating. 
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Crucible  +  borax  fused  with  Bunsen  burner. .  . .  27*30345 

re-fused  „  27-30462 

„       blowpipe 27-30312 

„       for  half  an  hour 27-30253 

The  determination  of  the  atomic  weight  of  boron  bj  this  method 
necessitates  the  determination  of  the  precise  range  of  temperature 
within  which  all  the  water  of  crystallisation  of  borax  can  be  driven 
ofP,  while  none  of  the  anhydrous  substance  is  volatilised.  That  this 
is  no  easy  matter,  the  above  experiments  clearly  show.  In  spite  of 
their  apparent  concordance,*  therefore,  Berzelius's  results  cannot  be 
finally  accepted  as  trustworthy. 

[The  method  is  evidently  open  to  objection  on  another  score, 
namely,  that  it  is  exceedingly  rare  to  find  bodies  which  crystallise 
with  an  exact  number  of  molecules  of  water  of  crystallisation.  On 
the  one  hand,  the  mother  liquor  may  be  included  mechanically  ;  on 
the  other  hand,  the  salt  may  be  slightly  deliquescent  or  slightly 
efflorescent.  It  is  quite  possiblef  that  the  compound  ]N'a2B407  +  IOH2O 
may  yield  some  of  its  water  of  crystallisation  to  anhydrous  borax, 
both  bodies  tending  to  form  a  lower  hydrate  with  a  lower  tension  of 
dissociation  than  the  decahydrate. — T.  E.,  P.  J.  H.]. 

Preparation  of  Boron  Bromide. 

a.  Preparafio7i  of  Boron. — The  method  followed  was  that  described 
by  Wohler  and  Deville.  A  considerable  amount  of  trouble  was  taken 
in  attempting  to  purify  the  borax  completely.  Pure  boracic  acid  (of 
commerce)  was  first  boiled  with  a  small  quantity  of  baryta  to  free  it 
from  sulphuric  acid,  which  adheres  to  it  very  tenaciously,  and  was 
then  recrystallised  in  small  portions  at  one  time.  The  boracic  acid  so 
obtained  was  fused  over  the  blowpipe  in  a  platinum  dish,  and  poured 
out  on  to  an  iron  plate,  broken  up  and  powdered,  and  passed  through 
a  sieve. 

The  powdered  substance  was  then  heated  in  an  iron  crucible  with 
sodium,  under  a  layer  of  sodium  chloride,  exactly  in  the  way  described 
by  Wohler  and  Deville  (A7in.  Chim.  Phys.  [3],  52,  63,  1858).  The 
mass  was  poured  into  hydrochloric  acid  and  filtered,  and  the  boron 
mud  thus  obtained  was  transferred  to  a  platinum  dish  and  treated  with 
strong  hydrochloric  acid  and  ammonium  fluoride  (to  remove  iron  and 
silicfi),  the  liquid  being  warmed.  It  was  finally  washed  with  alcohol 
and  hydrochloric  acid,  and  alcohol  and  ether,  and  dried  in  a  vacuum. 
It  appears  that  this  preparation  was  not  pure,  but  still  contained  iron 

*  Sec  note  *,  p.  652. 

t  This  suggestion  is  due  to  Dr.  Harden. 
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(perhaps  in  the  form  of  a  boride  ?).  A  second  preparation  of  boron 
was  made,  the  fused  mass  being  poured,  as  before,  into  hydrochloric 
acid  and  then  washed  by  decantafcion  till  free  from  the  acid.  As  soon 
as  this  is  the  case,  the  boron  begins  partly  to  dissolve,  partly  to  sus- 
pend itself  in  the  water,  and  from  these  washings,  boron  free  from 
iron  was  obtained,  by  precipitating  with  hydrochloric  acid,  re- 
snspending  by  treatment  with  potash,  and  precipitating  again  with 
hydrochloric  acid.  The  boron  thus  freed  from  iron  was  then  dried 
on  a  porous  tile  in  a  vacuum  for  a  month.  It  was  found  that  it  was 
impossible,  however,  to  free  it  from  water  in  this  way,  for  on  heating 
it  in  a  vacuum  at  100°,  water,  and  at  a  higher  temperature,  hydrogen, 
were  given  off. 

To  free  the  boron  from  water  and  from  any  oxide  wliich  might  be 
formed  in  the  presence  of  water,  a  portion  of  it  was  washed  with 
alcohol  and  then  with  ether,  but  on  heating  subsequently  to  this 
operation,  hydrocarbons  were  evolved,  and  the  attempt  to  obtain 
boron  free  from  oxide  was  therefore  abandoned,  and  it  was  decided  to 
eliminate  the  products  due  to  its  presence  at  a  later  stage. 

h.  Freparation  of  the  Bromine. — The  editors  can  find  no  details  with 
regard  to  the  bromine  used  in  Preparation  1  (infra).  The  bromine 
used  in  Preparation  2  was  made  in  the  following  way  : — A  solution  of 
potassium  bromide  was  treated  with  bromine  and  shaken  up  with 
pure  carbon  bisulphide  to  free  it  from  iodine.  The  bromide  was  then 
crystallised  and  heated  with  pure  potassium  dichromate  and  dilute 
sulphuric  acid,  and  the  bromine  thus  obtained  was  finally  distilled 
over  pure,  red-hot,  electrolytic  copper  to  free  it  from  chlorine.  [It 
is  possible  that  other  precautions  to  ensure  its  purity  were  also  taken. 
— T.  E.,  P.  J.  H.]  It  was  collected  in  a  stoppered  funnel,  D,  Fig.  2, 
ground  to  fit  the  apparatus  for  the  production  of  boron  bromide. 
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c.  Preparation  of  Boron  Bromide. — Two  different  preparations  of 
boron  bromide  were  made  from  the  boron  obtained  in  the  way 
described  above.  In  the  first,  only  6  grams  of  boron  were  used,  and 
the  details  given  in  the  author's  note-books  are  incomplete.  This  pre- 
paration was  used  for  the  preliminary  set  of  determinations. 
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The  second  preparation  was  on  a  large  scale,  and  the  editors  are 
able,  from,  their  own  knowledge,  to  give  somewhat  fuller  details 
with  regard  to  it,  although  no  notes  on  the  subject  have  been 
preserved. 

Preparation  1. — Six  grams  of  boron  were  first  ignited  in  hydrogen 
in  a  hard-glass  tube  placed  in  an  ordinary  combustion  furnace,  to  free 
it  from  moisture  ;  bromine  was  then  distilled  backwards  and  forwards 
over  the  substance  beated  to  redness,  the  product  allowed  to  stand 
over  mercury  till  the. excess  of  bromine  was  absorbed,  and  then  dis- 
tilled off  from  the  mercuric  bromide  formed. 

Freparation  2. — The  apparatus  used  consisted  of  a  hard-glass  com- 
bastion  tube,  CC,  Fig.  2,  about  1200  mm.  in  length,  to  the  ends 
of  which  were  fused  the  U  -tubes  A  and  B.  The  stoppered  funnel  D, 
containing  the  bromine,  was  ground  to  fit  into  the  tube  A,  and  the 
joint  well  wrapped  round  with  lead  foil.  The  bent  neck  of  the  dis- 
tilling flask  E  which  contained  mercury  was  similarly  ground  into 
the  U-tubeB. 

Bromine  was  slowly  distilled  over  the  red-hot  boron  placed  between 
C  and  C,  and  the  bromide  formed,  together  with  the  excess  of 
bromine,  were  finally  transferred  to  the  distilling  flask.  This  was 
then  sealed  up  and  the  mixture  allowed  to  remain  in  it  until  the 
colour  of  the  bromine  had  disappeared.  The  substance  was  then 
redistilled  into  a  clean  dry  flask  of  the  form  shown  in  Fig.  3,  and 
from  this  flask  it  was  finally  distilled  into   the  tube  F,  from  which 
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it  was  transferred  to  the  glass  bulbs  used  in  the  atomic  weight 
determinations.* 

The  tube  AB  was  about  1  metre  long,  so  that  when  the  flask  was 
exhausted  by  means  of  the  Sprengel  pump,  the  mercury  in  the  trough 
CD  did  not  rush  back  into  the  flask.  A  thermometer,  E,  was  sealed 
into  the  neck  of  the  flask  by  wrapping  it  tightly  round  with  thin  lead 
foil,  which,  for  further  security,  was  enveloped  outside  with  sheet 
india-rubber  coated  with  coaguline. 

The  apparatus  being  so  arranged,  the  boron  bromide  was  dis- 
tilled in  fractions  of  10  to  15  c.c.  at  a  time  into  the  test-tube  F 
standing  in  the  trough  CD  over  dry  clean  mercury. 

The  separate  portions  of  boron  bromide  were  then  introduced  into 
thin  glass   bulbs  of  the  form  shown  in  Fig.  4,  which  had  been  pre- 


FiG.  4. 


viously  weighed.  In  order  to  fill  each  bulb,  it  was  first  filled  com- 
pletely with  the  mercury.  The  open  end  of  the  capillary  neck  was 
then  slipped  up  into  the  boron  bromide  at  the  top  of  the  tube  F,  and 
by  alternately  warming  and  cooling  the  bulb  with  a  small  flame,  the 
whole  of  the  mercury  was  replaced  by  boron  bromide.  The  capillary 
was  then  sealed  off  as  close  to  the  bulb  as  possible,  and  the  neck  was 
preserved  along  with  the  bulb  to  be  weighed  again. 

The  bulbs  thus  prepared  always  contained  a  small  bubble  of  gas ; 
this,  however,  consisted  only  of  the  vapour  of  boron  bromide,  as  on 
slightly  warming  the  bulb  in  the  hand  the  bubble  could  be  made  to 
disappear  entirely.     The  size  of  the  bubbles  varies  rapidly  with  the 

*  As  the  boron  was  not  anhydrous,  some  hydrobromic  acid  must  have  been 
formed  during  the  operation,  but  it  is  probable  that  by  the  action  of  the  mercury 
and  the  mercuric  bromide,  and  the  repeated  distillation  of  the  boron  bromide,  it 
was  finally  completely  eliminated. 
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teniperatiire,  so  that  boron  bromide  would  appear  to  have  a  large 
coefficient  of  expansion.* 

Preparation  of  the  Silver. 

The  silver  used  was  prepared  in  various  ways  : — 

(a)   Was  obtained  as  chemically  pure  from  Schuchardt. 

(6)  Was  prepared  by  reducing  silver  nitrate  with  ammonium 
sulphite  in  the  presence  of  copper,  according  to  the  method  described 
by  Stas. 

(c)  Was  made  by  reducing  silver  chloride  with  milk  sugar,  but  the 
method  used  differed  somewhat  from  that  of  Stas,  and  is  therefore 
described.  About  60  grams  of  recrystallised  silver  nitrate  were  fused 
till  a  small  quantity  of  silver  had  been  reduced ;  the  melt  was  dis- 

*  Density  of  Boron  Bromide. — In  order  to  apply  the  buoyancy  correction  to  the 
weights  of  boron  bromide,  it  was  necessary  to  know  the  density  of  the  liquid.  This 
was  determined  (by  the  editors)  with  one  of  the  bulbs  (6)  prepared  by  the  author. 
The  diameter  of  the  bubble  of  boron  bromide  vapour  resting  against  the  side  of  the 
bulb  at  the  temperature  of  the  experiment  (1 6"5°)  was  found  to  be  3*3  millimetres : 
its  volume  was  known  to  be  greater  than  a  hemisphere,  and  less  than  a  sphere.  As 
the  difference  between  the  limiting  values  is  a  small  quantity  compared  to  the 
others  which  entered  into  the  calculation,  no  sensible  error  was  committed  by  sup- 
posing the  mean  to  be  the  true  value. 

The  density  of  the  boron  bromide  was  found  from  the  following  equation  : — 

B 


d-Q 


Y-4-- 


where  c?b  =  density  of  boron  bromide. 

B  =  weight  of  boron  bromide  (corrected  for  buoyancy  by  assuming  the  density 
to  be  that  given  by  previous  observers,  that  is,  27)  =  108151  grams.  This 
weight  was  determined  as  the  difference  of  the  weights  of  the  bulb  filled 
and  empty.  Strictly  speaking,  the  weight  of  boron  bromide  vapour  in  the 
bubble  should  be  subtracted  from  this  number,  but  this  weight  cannot  be 
more  than  xoVo  milligram,  and  is  therefore  negligible. 

y  =  the  volume  of  the  filled  bulb,  known  by  a  determination  of  its  loss  of  weight 
in  water  of  known  temperature  =  4'37381  c.c. 

ff    =  weight  of  glass  of  the  bulb  =  0'56388  gram. 

dg  =  density  of  the  glass  of  the  bulb  =  2'4679. 

V    ==  volume  of  the  bubble  =  00137  c.c. 

Whence  we  find — 

ds  (at  16-5°)  =  2-6175. 

Wohler  and  Deville  gave  the  number  269,  but  they  do  not  state  the  temperature 
at  which  the  determination  was  made,  and  which  was  probably  0°. 

The  result  given  above  is  of  course  affected  by  the  uncertainty  as  to  the  exact 
volume  of  the  bubble,  but  the  limiting  error  in  the  density  cannot  amount  to  ^-Jo 
of  the  total  value.  As  the  density  was  onlv  required  to  correct  the  weighings, 
greater  accuracy  was  not  attempted. — T.  E.,  P.  J.  H. 

VOL.  LXI.  3  A 
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Rolved  in  250  c.c.  of  water,  filtered,  and  the  solution  diluted  up  to  3  or 
4  litres.  It  was  then  precipitated  by  means  of  pure,  dilute  hydro- 
chloric acid,  and  the  sils^er  chloride  formed  wrs  washed  by  decanta- 
tion,  and  digested  with  aqua  regia  in  the  cold.  It  was  then  again 
w^ashed  and  dissolved  in  1  litre  of  water,  saturated  with  ammonia, 
and  filtered.  100  grams  of  twice  recrystallised  milk  sugar  were  dis- 
solved in  1  litre  of  water,  and  filtered  into  the  silver  solution.  The 
mixture  was  allowed  to  stand  for  a  day  in  the  cold,  then  warmed,  and 
finally  boiled.  The  reduced  silver  was  washed  by  decantation,  first 
Avith  cold  water,  and  then  with  boiling  water.  The  water  used  had 
been  carefally  redistilled  from  an  iron  can  provided  with  a  block-tin 
condenser.  The  silver  obtained  by  the  method  described  is  in  an 
extremely  finely  divided  form,  and  the  washing  was  very  tedious.  It 
was  collected  and  melted  on  lime  in  the  oxy-coa]-gas  blowpipe,  care 
being  taken  to  use  an  ex'^ess  of  oxygen.  The  silver  used  in  the  final 
set  of  determinations  was  then  purified  by  electrolysis  in  the  following 
way.  Part  of  it  was  dissolved  in  nitric  acid,  and  the  solution  of 
silver  nitrate  was  placed  in  a  platinum  dish  which  formed  the 
negfative  pole.  The  positive  pole  consisted  of  the  remaining  portion 
of  the  silver  suspended  in  a  linen  bag,  and  connected  to  the  battery 
by  a  platinum  wire.  The  bag  was  hung  from  the  top  of  a  bell-jar 
which  protected  the  solution  from  dust.  A  tangent  galvanometer 
was  included  in  the  circuit,  and  the  current  regulated  to  the 
strength  which  was  found  by  Lord  Rayleigh  and  Mrs.  Sidor- 
wick  (Phil.  Trans.,  ii,  1884,  411)  to  give  the  best  results  with 
the  silver  voltameter.  Black  crystals  (of  peroxide?)  were  formed  in 
very  small  quantity,  which  grew  in  long,  hair-like  filaments,  and 
sometimes  reached  from  the  dish  across  to  the  bag.  They  were,  how- 
ever, isolated,  and  easily  removed  (the  silver,  on  melting  in  a  vacuum, 
gave  off  no  oxygen).  The  metal  obtained  was  granular  and  brilliantly 
white. 

The  electrolytic  silver  was  placed  in  a  boat  cut  from  a  block  of 
quicklime,  and  melted  in  a  porcelain  tube  in  a  vacuum. 

Weighings. 

The  weighings  were  all  performed  with  a  Ladd  and  Oertling 
balance  provided  with  an  optical  arrangement  for  estimating  accu- 
rately the  amplitude  of  the  swings  of  the  pointer.  [The  balance  has 
been  described  by  Wills,  Trans.,  1879,  35,  707.]  All  weighings 
were  made  by  Gauss'  method.  The  object  to  be  weighed,  was  first 
placed  on  the  left-hand  pan,  four  sets  of  vibrations  (each  consisting 
of  6  or  7  swings  past  the  centre  of  the  scale)  were  taken,  and  the 
position  of  the  zero  was  .calculated.     This   operation  was   repeated 
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wifcli  ihe  objert  to  be  weighed  in  the  riglit-band  pan,  and  finally  again 
with  the  object  in  the  left-hand  pan.  The  difference  between  the  two 
weighings  with  the  object  on  the  left-hand  pan  never  amounted  to 
more  than  ^-V  milligram,  and  generally  was  less  than  -^^.  The  mean  of 
the  two  weighings  with  the  object  in  the  left-hand  pan  was  of  course 
in  all  cases  taken.  The  difference  between  them  was  due  to  a  slow 
change  of  the  zero  point  which  was  found  to  be  continuous  throughout 
the  series  of  operations.  Such  variation  did  not  therefore  introduce 
a  sensible  error  into  the  weighing. 

The  temperature  of  the  air  in  the  balance  case,  and  the  barometric 
pressure  were  noted  for  each  weighing.  The  air  was  assumed  to  be 
dry,  as  fresh  calcium  chloride  was  kept  in  the  case. 

The  errors  of  the  weights  were  determined  three  times  in  the 
course  of  the  work,  before  each  prolonged  set  of  weighings.  As  two 
of  the  1-gram  weights  happened  to  be  precisely  equal  in  weight,  they 
were  taken  as  standards. 

The  only  weights  for  which  the  corrections  varied  more  than  one 
or  two  hundredths  of  a  milligram  were  the  10-gram  weight  and  the 
5-gram  weight.  The  correction  for  the  10-gram  weight  varied 
0*6  milligram,  and  that  for  the  5-gram  weight  0'3  milligram,  during 
the  three  years  over  which  the  work  extended. 

The  weighings  of  boron  bromide  (A)  and  of  silver  (B)  were 
corrected  for  buoyancy  in  air  by  the  following  formulas : — 

(A.)   Corrected  weight  of  BBrg  = 

"  ^     I  2-617  8-28  21-23    J' 

(B.)   Corrected  weight  of  Ag  = 

LlO-5       a-28      21-23J' 

where  W  is,  in  A,  the  apparent  weight   in  grams  of   the  bulb  full 
of  boron  bromide  in  air,  and  in  B  the  apparent  weight  of  silver 
in  air. 
w  is  the  apparent  weight  of  the  glass  bnlb  in  air. 
a  is  the  weight  of  1  c.c.  of  air  at  the  temperature  and  pressure 

noted  during  the  weighing. 
Wg  and  Wji  are  the  brass  weights  used  in  making  up  the  weights 

W  and  w. 
Wj,  and   Wp  are  the  platinum  weights  used  in  making  up  the 
weights  W  and  w. 

[The  correction  for  the  rider  is  negligible.] 
261 7  is  the  density  of  boron  bromide. 
8*28  is  the  density  of  the  brass  weights. 

3  A  2 
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21"23  is  the  density  of  platinum  (Everett). 
10*5  is  the  density  of  silver. 

The  density  of  the  brass  weights  vras  determined  by  weighing  the 
50-gram  weight  in  water.  The  error  introduced  by  the  difPerence 
between  the  actual  density  of  the  platinum  weights  used  and  the 
average  of  the  numbers  given  in  Everett's  C.G.S.  Units,  which  has 
been  taken,  could  not  introduce  a  sensible  error  into  the  experiments. 

Titration  of  Boron  Bwmide. 

When  the  weight  of  boron  bromide  in  the  bulb  chosen  for  an 
experiment  had  been  determined,  a  lump  of  silver  was  cut  off  from 
the  mass,  and  reduced  very  nearly  to  the  proper  amount  by  means  of 
a  sharp,  hard-steel  chisel.  It  was  next  washed  with  dilute  hydro- 
chloric acid,  ammonia,  and  water,  and  heated  before  the  final 
weighing.  It  was  then  dissolved  in  nitric  acid  in  a  stoppered  bottle. 
The  bottle  had  walls  about  }  inch  thick,  and  the  stopper  was  ground 
in  with  care.  When  the  silver  was  all  dissolved,  the  bulb  of  boron 
bromide  was  introduced,  the  stopper  inserted,  and  the  bottle  shaken 
so  as  to  break  the  bulb.  The  sudden  pressure,  due  to  the  evolution 
of  gaseous  hydrogen  bromide,  which  did  not  immediately  dissolve, 
was  so  great  as  to  burst  the  bottle  in  some  cases,  a  number  of  deter- 
minations being  thus  lost.  Some  bottles  specially  made  for  the  pur- 
pose were  used  in  the  final  determinations,  of  which  one  or  two  alone 
proved  satisfactory. 

The  titrations  were  carried  ont  by  a  method  which  in  its  essentials 
is  that  of  Stas.  A  solution  of  silver  nitrate  was  made  up  so  that 
1  gram  of  solution  contained  exactly  1-09  milligram  of  silver,  and  a 
potassium  bromide  solution  was  prepared  which  was  exactly  equiva- 
lent to  it  (by  weight).  These  solutions  were  introduced  into  pipettes 
of  the  form  shown  in  Fig.  5.     The  small  glass  cap  A  was  ground  on 
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to  tlie  end  of  the  siphon  tube,  so  as  to  prevent  loss  of  liquid  when 
the  pipette  was  not  in  use.  The  pipettes  were  weighed  (to  the  milli- 
gram) before  and  after  each  addition  of  solution. 

The  bottle  was  placed  in  a  wooden  box,  blackened  internally,  and 
coiild  be  illuminated  by  the  rays  of  a  lamp,  which  were  spread  out 
into  a  flat  pencil  by  means  of  a  glass  cylinder,  placed  with  its  axis 
horizontal.  The  slightest  turbidity  in  the  liquid  could  thus  be 
detected  after  the  addition  of  silver  or  bromide  solution.  Before 
repeating  the  addition  of  either  solution,  it  was  found  advantageous 
to  filter  the  supernatant  liquid  through  a  small  filter  into  a  test-glass, 
leaving  the  curdy  mass  of  silver  bromide  at  the  bottom  of  the  bottle. 
The  filtered  liquid  was  then  poured  back  into  the  bottle,  and  tested 
afresh  with  bromide  or  silver  solution,  as  the  case  might  be.  Towards 
the  end  of  the  reaction,  a  considerable  time  was  allowed  to-  elapse 
between  the  successive  additions  of  these  solutions ;,  often  only  two 
or  three  drops  were  added  in  a  day,  so  that  each  titration  required  a 
week  or  more  for  its  completion. 

It  is  well  known  that  some  excess  of  one  (say,  the  silver)  solution 
may  be  added  before  an  additional  drop  ceases  to  produce  a  visible 
cloud  ;  and  after  this  point  has  been  reached,  a  not  inconsiderable 
amount  of  the  other  (say,  the  bromide)  solution  must  be  added 
before  an  additional  drop  of  this  solution  ceases  to  produce  a  cloud. 
The  silver  solution  was  therefore  first  added,  until  the  no-turbidity 
point  was  attained ;  the  process  was  repeated  with  the  bromide  solu- 
tion, and  again  with  each  solution  alternately  several  times.  It  was 
assumed  that  half  of  the  bromide  solution  added  after  silver  had 
ceased  to  produce  a  visible  reaction  was  equivalent  to  the  excess  of 
silver  present  at  the  beginning  of  this  operation,  and  that  the  other 
half  was  itself  present  at  the  end  of  the  operation  as  excess.  Then, 
on  adding  the  silver  solution  again,  half  the  amount  added  was 
regarded  as  equivalent  to  the  excess  of  bromide  in  the  liquid,  while 
the  second  half  as  before  remained  in  excess  at  the  end  of  the  opera- 
tion. In  this  way,  the  excess  existing  at  the  previous  stage  could  be 
calculated  from  each  addition  of  bromide  or  silver  solution  after  the 
first.  The  mean  of  all  the  numbers  thus  obtained  was  taken  to  be 
the  true  excess  present  after  the  first  addition  of  silver  or  bromide 
solution.  In  this  way,  the  exact  weight  of  silver  necessary  to  pre- 
cipitate the  bromine  in  a  known  weight  of  boron  bromide  could  be 
determined. 

The  atomic  weight  of  boron  was  calculated  from  the  experimental 
numbers  by  the  formula 

B  =  3AgX  -  3Br, 

where  B,  Ag,  and  Br  are  the  atomic  weights  of  boron,  silver,  and 
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bromine  respectively,  and  X  is  the  ratio  of  the  weight  of  boron 
bromide  taken  to  the  weight  of  silver  necessary  to  precipitate  the 
bromine  it  contains. 

Ag  was  taken  =  107-923,  Br  =  79-951  (see  note  f,  p.  652). 

The  following  table  gives  the  experimental  data  and  atomic  weights 
calculated  from  them : — 


Table  II.* — Preliminary  Series  of  Determinations. 


Frac- 
tion 

No.  of 
bulb. 

Weight 
of  boron 
bromide. 

Weight 

of  silver 

weiglied 

out. 

Deficit  ncy 
or  excess 

deter- 
mined by 
titration. 

Total 
silver. 

Ratio  X  = 
boron  bromide 

Atomic 

weight 

of 

silver. 

boron. 

— 

10 

7 
4 
1 
9 

1-31203 

4-39944 
5  04022 
6-51597 
7 -75343 

2  -84299 
-1-15058 

5  -67589 

6  -50785 
8  -38890 

10  -01369 

+  0  -00165 

+  0  -00240 
+  0-00035 
+  0  -00029 
-0-00134 

1-69406 

5  -67829 

6-50820 

8-38919 

10  -01235 

0-774489 

0  -774783 
0-774441 
0  -774326 

0-774388 

10-902 

10  -998 
10 -887 
10-85  > 
10  -870 

It  must  be  borne  in  mind  that  a  given  percentage  error  in  the 
determination  of  X  will  produce  a  relative  error  23  times  as  great  in 
the  value  of  B,  a  result  which  may  easily  be  deduced  from  the  equa- 
tion given  above,  B  =  323*769X  —  239853,  if  we  replace  X  by  its 
value  0-774.  The  author  was,  of  course,  aware  of  this,  but  the 
method  described  was  chosen,  nevertheless,  as  the  most  accurate  one 
available. 

The  close  agreement  of  determinations  made  with  the  various 
fractions  of  boron  bromide  of  preparation  ii  (Table  III)  affords  strong 
evidence  that  the  substance  was  in  a  state  of  all  but  absolute  purity. 
It  must,  however,  be  noticed  that — 

(1.)  The  pairs  of  experiments  made  with  the  same  fractions, 
namely,  23  and  25,  and  32  and  34,  yield  results  which  differ  only  by 
the  l/60,000tli  part  of  their  value,  and  that  this  may  probably  be  con- 
sidered as  the  experimental  error  to  which  determinations  made  with 
the  same  fraction  were  liable. 

(2.)  The  two  results  deduced  from  experiments  made  with  the 
first  fraction  differ  in  a  relatively  marked  way  from  the  other  five 
results. 

*  The  editors  hesitated  to  insert  this  table,  as  the  numbers  are  without  compari- 
son less  concordant  and  trustworthy  than  those  of  Table  III,  but  have  decided  to 
do  so  for  the  sake  of  completeness. 

They  have  purposely  omitted  to  calculate  a  mean  atomic  weight  from  the  obser- 
rations,  as  the  author  regarded  them  as  purely  preliminary. 
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(3.)  Boron  chloride  has  a  lower  boiling  point  than  boron  bromide, 
and  if  any  of  this  substance  were  present  as  an  impurity  in  the 
bromide,  the  major  portion  of  it  would  distil  over  with  the  first 
fraction,  and  the  atomic  weight  calculated  from  the  determinations 
made  with  this  fraction  would,  therefore,  be  too  low. 

Hence  it  would  seem  preferable  to  neglect  the  first  two  results,  and 
to  consider  as  the  atomic  weight  yielded  by  these  determinations  the 
number  calculated  from  the  last  five  results. 

The  number  thus  obtained,  B  =••  10*825,  is,  it  will  be  seen,  lower 
than  that  given  by  previous  observers,  and,  moreover,  differs  con- 
siderably from  the  nearest  whole  number. 


LIX.— CONTRIBUTIONS  FROM  THE  RESEARCH  LABORA- 
TORY OF  THE  PHARMACEUTICAL  SOCIETY  OF 
GREAT  BRITAIN. 

Mercuric  Zinc  Cyanide;  a  Study  of  the  Mode  of  Formation  and 
Properties  of  an  Insoluble  Double  Salt. 

By  Wyndham  R.  Dunstan. 

In  a  paper  communicated  to  the  Pharmaceutical  Society  in  3890 
(/.  Pharm.  [3],  20,  653  ;  this  Journal,  Abstr.,  1890,  855),  I  gave 
an  account  of  the  composition  and  properties  of  the  w^hite  pre- 
cipitate, resulting  from  the  interaction  of  aqueous  solutions  of 
mercuric  potassium  cyanide  and  zinc  sulphate,  which  was  first  ob- 
served by  Rammelsberg  [Ann.  Chim.  Fhys.  (Pogg.),  42,  131],  and 
described  by  him  in  connection  with  the  properties  of  the  mercuric 
potassium  cyanide  he  had  then  discovered.  In  recording  this  reaction, 
Gmelin  (Handbookj  7,  424;  8,  24)  mentions  that  the  same  precipitate 
may  be  obtained  by  adding  mercuric  chloride  to  a  solution  of  zinc 
potassium  cyanide,  ZnK2(CN)4,  and  since  no  hydrogen  cyanide  is 
produced,  he  suggests  that  double  decomposition  has  occurred,  and 
that  the  precipitate  consists  of  mercuric  zinc  cyanide,  HgZn(CN)4. 
This  suggestion  has  been  accepted  by  subsequent  writers,  the  reaction 
being  expressed  by  the  equations — 

HgK2(CN)4  +  ZnS04  =  HgZn(CN)4  +  K2SO4; 
ZnK2(CN)4  +  HgCl2  =  HgZn(CN)4  +  2KC1. 

It  does  not  appear,  however,  that  the  precipitate  was  ever  analysed. 
In  his  search  for  a  satisfactory  antiseptic  surgical   dressing.  Sir 
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Josepli  Lister,  after  having  fonnd  neither  zinc  cyanide  nor  mercuric 
cyanide  free  from  objection,  determined  to  examine  the  effect  of 
the  double  cyanide  of  zinc  and  mercury  described  by  Gmelin.  Its 
action,  as  an  antiseptic  material,  was  found  to  be  superior  to  that  of 
any  substance  previously  tried,  having  none  of  the  corrosive  pro- 
perties of  mercuric  cyanide,  whilst  acting  more  efficiently  as  an 
antiseptic  than  zinc  cyanide. 

In  the  preparation  of  the  substance  on  a  somewhat  large  scale,  it 
was  observed  that  the  greater  part  of  the  mercuric  cyanide  was  dis- 
solved by  the  water  used  in  washing  the  precipitate,  and  that  only  a 
small  proportion  remained  in  the  precipitate,  which  consisted  chiefly 
of  zinc  cyanide.  This  fact,  combined  with  the  circumstance  that  the 
amount  of  mercuric  salt  retained  in  the  precipitate  was  subject  to 
variation,  led  to  the  suspicion  that  the  substance  might  be  a  mixture 
of  the  two  cyanides. 

It  was  found,  however,  that  an  intimate  mixture  of  the  two  salts 
did  not  act  antiseptically  in  the  same  manner  as  the  precipitate, 
since  the  mercuric  cyanide  was  readily  dissolved  from  the  mixture, 
and  exerted  a  corrosive  effect. 

The  question  as  to  the  nature  of  the  precipitate  was  eventually 
referred  by  Sir  Joseph  Lister  to  the  present  writer,  who  undertook 
to  investigate  it.  The  enquiry  has  led  to  the  observation  of  a  number 
of  facts  of  considerable  chemical  interest,  and  goes  to  show  that,  in 
many  respects,  the  precipitate  is  a  remarkable  substance. 

Preparation  of  Pure  Materials. 

The  potassium  cyanide  used  in  these  experiments  was  prepared  by 
passing  the  vapour  of  hydrogen  cyanide  into  an  alcoholic  solution  of 
pure  potash.  The  crystalline  precipitate  was  collected,  washed  with 
alcohol,  and  dried  in  a  vacuum  on  a  porous  tile.  Potassium  cyanide 
thus  prepared  is,  of  course,  free  from  cyanate,  and  will  not  contain 
any  appreciable  quantity  of  carbonate  if  the  alcoholic  potash  used  in 
its  manufacture  has  been  freshly  prepared. 

The  mercuric  potassium  cyanide,  HgK2(CN")4,  is  prepared  by  dis- 
solving finely  powdered  mercuric  cyanide  in  a  warm,  concentrated, 
aqueous  solution  of  potassium  cyanide,  containing  rather  more  than 
the  calculated  amount  of  the  salt.  On  evaporating  the  liquid,  the 
double  salt  is  deposited  in  crystals,  which  are  once  recrystallised 
from  water.  This  compound  is  stable.  If  pure  mercuric  cyanide  be 
not  available,  the  double  cyanide  may  be  prepared  by  dissolving  the 
calculated  quantity  ot  mercuric  sulphate,  in  small  portions  at  a  time, 
in  a  slight  excess  of  an  aqueous  solution  of  potassium  cyanide. 
Mercuric  chloride  cannot  be  conveniently  substituted  for  the  sulphate 
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in  this  process,  since  a  double  salt  containing  chloride  is  also  formed, 
from  which  the  mercuric  potassium  cyanide  cannot  be  completely 
separated  by  recrystallisation.  In  many  instances,  when  both  pure 
potassium  and  mercuric  cyanides  have  been  at  hand,  the  aqueous 
solution  of  the  double  cyanide  required  for  the  experiment  has  been 
prepared  by  dissolving  the  proper  quantity  of  mercuric  cyanide  in 
the  solution  of  potassium  cyanide. 

When  zinc  cyanide  was  required,  it  was  obtained  by  precipitating  a 
solution  of  zinc  acetate  with  aqueous  hydrogen  cyanide.  The  double 
cyanide  of  zinc  and  potassium,  ZnK2(CN)4,  may  be  readily  prepared 
by  dissolving  freshly  precipitated  zinc  cyanide  in  a  slight  excess  of 
aqueous  potassium  cyanide,  or  even  more  readily  by  adding  aqueous 
potassium  cyanide  to  a  solution  of  zinc  acetate  until  the  precipitate 
at  first  formed  is  redissolved.  The  salt  may  be  obtained  pure  by  re- 
crystallisation  from  water.  If  zinc  sulphate  is  used  instead  of  the 
acetate,  considerable  difficulty  is  experienced  in  completely  separat- 
ing the  potassium  sulphate. 

Both  mercuric  potassium  cyanide  and  zinc  potassium  cyanide  are 
readily  soluble  in  water,  whilst  zinc  cyanide  is  insoluble.  Mercuric 
cyanide,  as  is  well  known,  is  sparingly  soluble  in  cold  water. 

Methods  of  Analysis. 

The  methods  nsed  in  analysing  the  various  products  have  not  been 
exceptional  in  any  important  respect,  and,  therefore,  only  call  for 
brief  notice.  The  mercury,  as  a  rule,  has  been  estimated  by  heating 
the  material  with  excess  of  lime  in  a  combustion  tube,  and  collecting 
the  distilled  mercury  in  the  usual  manner.  When  the  amount  of 
material  was  too  small  to  admit  of  distillation  of  the  metal,  it  has  been 
estimated  as  sulphide.  The  zinc  has  been  estimated  by  igniting  a 
known  weight  of  the  substance  at  a  low  red  heat  until  a  constant 
weight  of  zinc  oxide  remained,  a  few  drops  of  nitric  acid  being  added 
when  necessary,  in  order  to  facilitate  the  oxidation  of  the  last  traces 
of  carbonaceous  matter.  Sometimes,  when  only  a  small  quantity  of 
material  was  available,  and  both  zinc  and  mercury  were  to  be  esti- 
mated, the  zinc,  after  removal  of  the  mercury  as  sulphide,  was  pre- 
cipitated with  sodium  carbonate  and  weighed  as  oxide.  The  correct 
determination  of  the  amount  of  cyanide  in  the  material  was  not  at 
first  found  to  be  easy,  for  the  reason  that  mercuric  cyanide  is  very 
difficult  to  decompose.  The  direct  conversion  of  the  whole  of  the 
cyanogen  into  silver  cyanide  by  heating  the  substance  with  dilute 
nitric  acid  and  silver  nitrate  gave  results  which  were  much  too  low 
even  when  the  operation  was  conducted  in  a  closed  tube  at  100 — 120°. 
Ebullition  with  strong  aqueous  sodium  carbonate,  except  after  pro- 
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longed  action,  failed  to  afford  the  whole  of  the  cyanogen  in  the  form 
of  sodiam  cyanide,  especially  when  the  material  was  rich  in  mercuric 
salt.  This  appears  to  "be  due  to  the  combination  of  the  sodium 
cyanide  with  mercuric  cyanide  to  form  the  double  salt,  which  is  not 
readily  decomposed  by  sodium  carbonate. 

Perfectly  satisfactory  determinations  of  the  cyanogen  were  fur- 
nished by  bringing  the  substance  in  contact  with  a  mixture  of  zinc 
and  dilute  sulphuric  acid  from  which  hydrogen  is  being  evolved,  and 
conducting  the  resulting  hydrogen  cyanide  into  a  solution  of  silver 
nitrate  ;  the  silver  cyanide  was  collected  and  weighed.  The  indirect 
estimation  of  the  cyanogen  through  the  nitrogen,  which  was  deter- 
mined by  Dumas'  method,  or  through  the  ammonia  obtained  by  the 
soda-lime  method,  also  gave  accurate  results  which  agreed  well  with 
those  furnished  by  the  action  of  hydrogen.  As  a  rule,  it  was  most 
coQVenient  to  estimate  the  nitrogen  by  Dumas'  method,  the  operation 
being  conducted  in  a  vacuum  and  the  nitrogen  collected  through  the 
limb  of  a  Sprengel  pump. 

Formation  and  Composition  of  the  Precipitate. 

The  first  experiments  were  made  to  ascertain  whether  the  composi- 
tion of  the  precipitate,  prepared  by  either  of  the  two  methods  de- 
scribed by  Grmelin,  corresponds  with  the  formula  of  the  double  salt 
HgZn(CN)4  which  he  considers  is  probably  formed. 

A  solution  of  mercuric  potassium  cyanide  was  precipitated  with  a 
solution  of  zinc  sulphate,  the  quantities  used  being  calculated  from 
the  equation  HgK2(CN')4  +  ZnSOi  =  HgZn(CN)4  +  K2SO4.  The 
precipitation  was  carried  out  in  the  following  manner.  Mercuric 
cyanide  (12'5  grams)  was  dissolved  in  about  60  c.c.  of  water  and 
mixed  with  40  c.c.  of  a  solution  containing  rather  more  than  the  cal- 
culated quantity  of  potassium  cyanide.  This  solution  of  mercuric 
potassium  cyanide  was  precipitated  by  the  addition  of  the  calculated 
amount  of  zinc  sulphate  dissolved  in  about  60  c.c.  of  water.  The 
copious  white  precipitate  was  collected  and  washed  with  cold  water 
(about  50  c.c.)  until  no  more  soluble  mercuric  salt  could  be  detected 
in  the  washings  by  means  of  hydrogen  sulphide.  The  precipitate  was 
then  dried  at  100°.  Its  bulk  had  been  very  considerably  reduced  in 
washing.  The  calculated  quantity  of  the  hypothetical  double  com- 
pound producible  from  these  quantities  of  the  reacting  salts  is  18'5 
grams ;  the  amount  actually  obtained  was  rather  more  than  2  grams. 
On  analysis,  the  substance  was  found  to  have  the  following  composi- 
tion :  — 

Zinc  cyanide 94     per  cent. 

%  Mercuric  cyanide 6'7         ,, 
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The  substance  also  contained  a  small  quantity  of  oxygen,  estimated 
by  ignition  in  a  current  of  hydrogen,  which  appeared  to  be  present  as 
hydroxide  of  zinc.  The  amount  of  mercuric  cyanide  found  is  about 
one-tenth  of  that  demanded  by  the  formula  HgZn(CN)4,  which  re- 
quires 68*29  per  cent. 

In  another  experiment,  the  same  quantities  of  salts  were  used,  but 
less  w^ater  was  employed  in  dissolving  them.  The  precipitate  was 
washed  with  cold  water  until  free  from  mercuric  salt.  The  yield  of 
precipitate  was  larger  than  in  the  former  experiment,  and  it  con- 
tained more  mercuric  cyanide,  namely,  \7  7  per  cent. 

This  quantity  of  mercuric  salt  is  rather  more  than  one-fourth  of 
that  required  by  the  formula  HgZn(C]S')4. 

These  experiments  were  repeated,  varying  the  quantities  of  the 
reacting  salts  and  of  the  water  used  to  dissolve  them,  but  in  no  in- 
stance could  the  double  salts  consisting  of  equimolecular  propor- 
tions of  the  two  cyanides  be  prepared. 

The  second  method  which,  according  to  Grmelin,  probably  furnishes 
this  double  cyanide  was  now  tried.  Zinc  potassium  cyanide  (7  grams) 
was  dissolved  in  water  and  the  strong  solution  precipitated  with 
8  grams  of  mercuric  chloride  dissolved  in  water  so  that  the  following 
reaction  might  occur  : — 

ZnK2(CN)4  +  HgCls  =  ZnHg(CNj4  +  2KC1. 

The  white  precipitate  was  washed  with  cold  water  until  free  from 
soluble  mercuric  salt,  then  dried  and  analysed.  It  contained  9"67  per 
cent,  of  mercuric  cyanide,  the  remainder  being  zinc  cyanide  with  a 
little  hydroxide.  This  quantity  of  mercuric  salt  corresponds  with 
about  one-seventh  of  that  calculated  from  the  formula  HgZn(CJS')4. 

It  is  therefore  evident  that  the  white  precipitate  which  Gmelin 
thought  to  be  the  equimolecular  double  cyanide  of  zinc  and  mercury 
is  a  compound  or  mixture  containing  much  less  mercuric  cyanide  than 
this  double  salt. 

Attempts  were  now  made  to  prepare  this  double  cyanide  by  other 
methods.  A  solution  was  made  containing  equivalent  quantities  of 
zinc  potassium  cyanide  and  mercuric  potassium  cyanide.  This  was 
decomposed  with  exactly  sufficient  dilute  sulphuric  acid  to  convert 
the  potassium  of  both  salts  into  sulphate ;  zinc  cyanide  and  mercuric 
cyanide  would  then  be  set  free  in  the  proper  proportion  to  form  the 
hypothetical  double  salt, 

ZnK2(CN)4  +  HgK2(CN)4  +  2H2SO4  =  ZnligiCl^),  +  2K2SO4. 

The  precipitate  was  collected,  washed  free  from  soluble  mercuric 
salt,  and  dried.     It  contained  8'46  per  cent,  of  mercuric   cyanide, 
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the  rest  being  zinc  cyanide.     This  quantity  of  mercuric  salt  is  about 
one-eighth  of  that  demanded  by  the  formula  HgZn(CN)4. 

Lastly,  a  fourth  method  was  tried  in  order  to  prepare  the  double 
salt.  Equivalent  quantities  of  mercuric  oxide  and  zinc  carbonate, 
both  freshly  precipitated,  were  dissolved  in  a  slight  excess  of  a  satu- 
rated aqueous  solution  of  hydrogen  cyanide  : — 

HgO  +  ZnCOa  +  4HCN  =  HgZn(CN)4  +  CO2  +  H2O. 

Reaction  immediately  occurred,  and  a  white  precipitate  gradually 
settled.  After  shaking  and  standing  for  some  time  in  a  closed 
bottle,  the  precipitate  was  collected,  washed,  dried,  and  analysed. 
It  consisted  almost  entirely  of  zinc  cyanide,  and  contained  only  a 
trace  of  mercuric  salt. 

It  is  proved  by  these  experiments  that  the  white  precipitate 
obtained  under  the  various  conditions  above  described  is  principally 
composed  of  zinc  cyanide,  containing  a  variable  quantity  of  mercuric 
cyanide,  and  is  not  the  equimolecular  double  salt,  as  Gmelin  sug- 
gested might  be  the  case. 

The  properties  of  the  precipitate  were  now  examined,  and  further 
experiments  were  made  in  order  to  determine  whether  the  mercuric 
cyanide  is  mixed  with  the  cyanide  of  zinc,  or  if  any  evidence  could 
be  obtained  of  the  existence  of  a  chemical  compound  of  the  two 
cyanides. 

Properties  of  the  Precipitate. 

Although  the  precipitate  contains  a  variable  quantity  of  mercuric 
cyanide,  and  in  many  respects  resembles  a  mixture  of  the  two  salts, 
yet  it  presents  some  features  of  chemical  interest.  In  the  experi- 
ments of  which  an  account  has  just  been  given,  the  amount  of  water 
present  during  precipitation  was  in  every  instance  sufficient  to  dis- 
solve only  a  small  proportion  of  the  mercuric  cyanide  produced. 
Nearly  the  whole  of  this  salt  is  therefore  precipitated  with  the 
insoluble  cyanide  of  zinc.  When  the  precipitate  is  washed  with  cold 
water,  a  large  part  of  the  mercuric  salt  is  removed.  It  is,  however, 
remarkable  that  although  water,  in  a  sufficient  quantity  of  which 
mercuric  cyanide  dissolves  without  difficulty,  should  fail  to  extract 
the  whole  of  the  salt  from  the  precipitate  ;  a  variable  quantity, 
usually  between  5  and  10  per  cent.,  remains  after  the  washings  have 
ceased  to  react  with  hydrogen  or  ammonium  sulphide.  In  what 
condition  is  this  mercuric  cyanide,  which  is  so  incorporated  with 
zinc  cyanide  as  to  be  insoluble  in  cold  water  r 

The  ability  of  cold  water  to  completely  dissolve  mercuric  cyanide 
from  a  mixture  of  it  with  zinc  cyanide  was  demonstrated  by  wash- 
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inaf  an  inl;imate  mixture  of  these  cyanides  with  cold  water,  when  the 
whole  of  the  mercuric  salt  passed  into  the  filtrate,  and  left  pure  zinc 
cyanide  on  the  filter.  A  specimen  of  the  substance  containing  about 
15  per  cent,  of  mercuric  cyanide  was  microscopically  examined.  It 
appeared  to  be  a  homogeneous,  amorphous  powder  free  from  any 
crystalline  particles. 

Although  the  mercuric  cyanide  is  not  dissolved  from  the  substance 
by  washing  with  cold  water,  it  is  slowly  removed  by  the  action  of 
boiling  water.  It  was  observed  that  if  the  precipitate  is  washed,  free 
from  mercuric  salt,  and  then  dried  at  100°,  a  small  quantity  of 
mercuric  salt,  usually  from  2  to  3  per  cent.,  can  be  dissolved  from  the 
dried  substance  by  cold  water.  If  this  washed  material  is  again 
dried  at  100°,  a  further  quantity  of  mercuric  cyanide  may  be  dis- 
solved from  it  by  cold  water,  and  if  the  operation  is  repeated 
sufficiently  often,  the  whole  of  the  mercuric  cyanide  may  be  re- 
moved. The  following  results  illustrate  the  course  of  this  action. 
The  material  used  had  been  washed  free  from  mercuric  cyanide  and. 
dried  at  100°.  A  portion  of  it  was  then  analysed,  and  the  remainder 
washed  and  again  dried.  This  series  of  operations  was  performed 
four  times  with  the  following  results  : — 

After  the  first  operation  . .  12*0    per  cent,  of  mercuric  cyanide, 

second       „        ..  10-46         „  „  „ 

„        third  „        . .        9-09         „  „  '  „ 

„        fourth       „        ..        8-26         „ 

The  residue  was  finally  boiled  with  water  for  some  hours,  when 
the  remainder  of  the  mercuric  salt  went  into  solution. 

'  That  the  liberation  of  the  mercuric  cyanide  is  due  to  the  action  of 
hot  water  on  the  substance,  and  not  alone  to  the  rise  in  temperature, 
was  proved  by  drying  some  of  the  washed  precipitate  in  a  vacuous 
desiccator  over  calcium  chloride,  and  then  heating  it  for  some  hours 
at  100°.  Cold  water  dissolved  no  mercuric  salt  from  the  substance 
which  had  been  dried  in  this  manner. 

Further  experiments  as  to  the  action  of  cold  water  (13 — 15°)  on 
the  substance  have  shown  that,  although  it  fails  to  dissolve  the 
mercuric  salt  under  the  ordinary  conditions  of  washing,  when  the 
water  is  in  contact  with  the  substance  for  only  a  short  time,  by  pro- 
longed contact  with  cold  water  the  mercuric  salt  slowly  passes  into 
solution,  although  at  a  diminishing  rate.  This  gradual  action  is 
shown  in  the  curve,  Fig.  1,  C,  which  has  been  plotted  from  the  results 
of  an  experiment  w^hich  lasted  172  days  ;  the  amount  of  mercuric 
cyanide  dissolved  being  determined  from  time  to  time. 
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The  aqueous  liquid,  on  e\^aporation,  deposited  crystals  wliicli  were 
proved  by  analysis  to  be  mercuric  cyanide.  The  residue  left  un- 
dissolved by  the  boiling  water  consisted  of  zinc  cyanide  and  hydr- 
oxide, the  hydroxide  being  the  result  of  the  hydrolysis  which  occurs 
when  zinc  cyanide  is  boiled  with  water. 


Nature  of  the  Precipitate. 

Tvvo  suggestions  may  be  made  with  reference  to  the  condition  of 
the  mercuric  cyanide  in  the  precipitate. 

1.  The  mercuric  cyanide  may  be  combined  with  the  zinc  cyanide  in 
the  form  of  a  double  salt  decomposable  by  water. 

2.  The  mercuric  cyanide  may  be  entangled  and  mechanically 
retained  by  the  cyanide  of  zinc.  In  the  precipitation  the  two  cyanides 
are  thrown  out  together,  and  since  there  is  not  sufficient  water  present 
to  dissolve  the  whole  of  the  mercuric  cyanide,  there  must  be  particles 
of  this  salt  intermingling  with  those  of  the  zinc  cyanide  which  are 
aggregating  to  form  the  precipitate.  Under  these  circumstances  it 
is  conceivable  that  a  certain  number  of  particles  of  mercuric  cyanide 
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may  become  encased  by  tbe  insoluble  zinc  cya,nide,  and  thus  be  pro- 
tected from  the  solvent  action  of  cold  water,  -which  would  never  come 
into  actual  contact  with  them,  except  perhaps  after  long  digestion. 
Boiling  water  may  be  supposed  to  slowly  disintegrate  and  break 
down  these  small  masses,  and  set  free  the  mercuric  cyanide. 

In  order  to  decide  between  these  possibilities,  several  points  relat- 
ing to  the  formation  of  the  substance  were  more  fully  investigated. 
More  information  was  obtained  as  to  the  influence  of  the  quantity  of 
v^ater  present  during  precipitation  upon  the  composition  of  the 
substance.  Previous  experiments  had  shown  that  the  amount  of 
retained  mercuric  cyanide  fluctuates  with  the  quantity  of  water  pre- 
sent whilst  the  action  is  taking  place,  but  is  not  appreciably  affected 
by  the  volume  of  water  employed  in  washing  the  precipitate.  The 
larger  the  quantity  of  water  used  to  dissolve  the  reacting  salts,  the 
smaller  is  the  amount  of  mercuric  cyanide  found  in  the  washed  pre- 
cipitate, and  vice  versa. 

Precipitation  was  now  brought  about  by  mixing  very  strong,  but 
not  quite  saturated,  solutions  of  the  salts.  The  calculated  quantity 
of  pure  potassium  cyanide  was  dissolved  in  a  small  quantity  of 
w^ater,  and  the  proper  amount  of  finely  powdered  mercuric  cyanide 
was  dissolved  in  the  warm  liquid.  The  solution  of  mercuric  potas- 
sium cyanide  thus  prepared  was  precipitated  when  cold  by  the 
addition  of  a  concentrated  solution  of  the  equivalent  quantity  of  zinc 
sulphate.  The  precipitate  was  collected  and  washed  with  cold  water 
until  all  the  soluble  mercuric  salt  had  been  removed.  It  was  then 
dried  in  a  vacuum  over  calcium  chloride,  and  analysed.  The  results 
were  as  follows  : — 

Mercuric  cyanide 36' 17  per  cent. 

Zinc  cyanide 64*0  „ 

Experiments  made  later,  which  are  alluded  to  subsequently,  have 
proved  that  by  reducing  the  amount  of  water  used  in  dissolving  the 
salt  to  a  minimum,  the  percentage  of  mercuric  cyanide  may  be  raised 
about  2'5  per  cent,  above  this  amount.  On  the  other  hand,  by 
gradually  increasing  the  volume  of  this  water,  specimens  of  material 
may  be  prepared  containing  any  percentage  of  mercuric  cyanide  from 
about  38  per  cent,  to  less  than  I  per  cent. 

Striking  as  these  results  are,  they  do  not  enable  us  to  decide  between 
the  chemical  and  physical  explanations  referred  to  above,  for  although 
they  may  be  attributed  to  the  gradual  decomposition  of  a  double  salt 
by  water,  they  are  also  susceptible  of  a  physical  explanation,  since 
the  more  water  there  is  present  to  dissolve  the  mercuric  cyanide  the 
smaller  would  be  the  proportion  encased  by  the  zinc  cyanide. 

If  zinc  cyanide  combines  with  mercuric  cyanide  to  form  a  double 
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salt,  whicli  is  readily  decomposed  by  water,  it  seems  possible  that 
this  salt  might  be  formed  under  other  circumstances  than  precipita- 
tion. An  attempt  was  made  to  produce  the  compound  by  evaporat- 
ing to  dryness  at  100°  a  mixture  of  freshly  precipitated  zinc  cyanide 
with  a  strong  aqueous  solution  of  mercuric  cyanide.  The  dried  mass 
contained  10  per  cent,  of  mercuric  cyanide.  Washing  with  cold 
water  removed  the  whole  of  the  mercuric  salt,  proving  that  no  com- 
bination had  taken  place. 

In  other  experiments  an  intimate  mixture  of  the  two  cyanides  was 
heated  to  various  temperatures  between  90°  and  150°,  but  no  com- 
bination occurred  between  the  two  salts. 

Again,  if  the  substance  produced  by  precipitation  contained  an 
ordinary  double  salt  decomposable  by  water,  it  seemed  possible  that 
this  salt  might  be  obtained  in  an  almost  pure  state  if  the  two  cyanides 
were  brought  together  in  the  absence  of  water.  Equivalent  quantities 
of  freshly  precipitated  mercuric  oxide  and  zinc  carbonate*  were 
suspended  in  a  small  quantity  of  absolute  alcohol  and  the  vapour  of 
hydrogen  cyanide  passed  into  the  mixture  until  the  whole  of  the 
yellow  mercuric  oxide  had  disappeared  and  carbon  dioxide  had  ceased 
to  be  evolved.  On  filtering  the  liquid  and  washing  the  precipitate 
with  cold  water,  the  mercuric  cyanide  was  completely  dissolved,  and 
a  residue  of  zinc  cyanide  remained.  The  conditions  under  which  this 
experiment  was  made  seemed  to  be  most  favourable  to  the  formation 
of  a  compound  of  the  two  cyanides,  but  none  was  produced.  So  far, 
the  facts  might  appear  to  lead  to  a  physical  rather  than  to  a  chemical 
explanation  of  the  retention  of  the  mercuric  cyanide  in  the  sub- 
stance. When  opportunity  is  afforded,  as  it  is  in  precipitation,  for. 
the  entanglement  or  encasement  of  mercuric  cyanide  by  zinc  cyanide 
to  occur,  the  substance  is  formed.  When  the  conditions  are  un- 
favourable to  this  action,  but  are,  nevertheless,  still  conducive  to 
chemical  combination,  as  they  are  in  the  experiment  just  described, 
the  substance  is  not  produced.  For  these  reasons,  I  suggested,  in 
my  former  paper  on  the  subject,  that  the  phenomenon  is  probably 
physical  and  not  chemical. 

Further  inquiries  into  the  circumstances  attending  the  formation 
and  decomposition  of  the  substance  have,  however,  conclusively 
proved  that  the  attachment  of  the  mercuric  cyanide  to  the  zinc* 
cyanide  must  be  ascribed  to  chemical  combination,  which,  however, 
does  not  occur  to  any  appreciable  extent  when  the  two  ready-made 
salts  are  brought  together. 

If  the  zinc  cyanide  entangles  the  undissolved  mercuric  cyanide 
during  precipitation,  and  the  action  is  purely  mechanical  and  inde- 

*  The  oxide  was  not  used  owing  to  the  difficulty  there  is  in  preparing  it  pure  by 
precipitation. 

YOL.  LXI.  3   B 


676  DUNSTAN:   MERCURIC   ZINC   CYANIDE. 

peadent  of  any  cliemical  attraction  between  the  molecules,  it  ought  to 
be  found  that  other  salts,  whose  solubility  is  about  the  same  as  that 
of  mercuric  cyanide,  should  also  be  entangled  when  precipitated 
together  with  zinc  cyanide  in  presence  of  insufficient  water  for  tbeir 
solution.  Potassium  sulphate  appeared  to  be  a  very  suitable  salt  to 
employ  in  this  crucial  experiment,  since  its  solubility  is  nearly  the 
same  as  that  of  mercuric  cyanide  ;  100  parts  of  water  at  the  ordinary 
temperature  dissolve  12  parts  of  mercuric  cyanide  and  11  parts  of 
potassium  sulphate. 

Three  experiments  were  made  in  which  zinc  cyanide  and  potas- 
sium sulphate  were  precipitated  together  in  presence  of  so  little 
water  that  only  a  small  proportion  of  potassium  sulphate  would  be 
dissolved  by  it.  Five  grams  of  zinc  potassium  cyanide  were  dissolved 
in  24  c.c.  of  water,  and  precipitated  with,  a  cold  saturated  solution 
containing  5'75  grams  of  zinc  sulphate.  The  reaction  is  represented 
by  the  equation 

ZnK,(CN)4  +  ZnSOi  =  2Zn(CN)2  +  K2SO4. 

The  precipitate  was  washed  with  cold  water  until  no  sulphate 
could  be  detected  in  the  washings,  and  then  dried.  It  now  con- 
sisted entirely  of  zinc  cyanide,  and  did  not  contain  a  trace  of  potas- 
sium sulphate.  A  similar  experiment  with  potassium  cyanide  and 
zinc  sulphate  led  to  the  same  result.  These  experiments  were  now 
repeated,  using  zinc  cbloride  instead  of  zinc  sulphate,  potassium 
chloride  being  formed  instead  of  potassium  sulphate,  so  that  it  might 
be  ascertained  whether  this  salt  was  entangled  by  the  zinc  cyanide 
precipitated  with  it.  To  diminish  the  solubility  of  potassium  chloride 
in  water,  an  alcoholic  solution  of  zinc  chloride  was  precipitated  witb 
a  dilute  alcoholic  solution  of  potassium  cjanide.  The  resulting  pre- 
cipitate was  washed  with  dilute  alcohol  until  the  washings  no  longer 
contained  chloride  and  then  analysed.  It  consisted  entirely  of  zinc 
cyanide,  no  potassium  chloride  having  been  retained. 

These  results  conclusively  show  that  zinc  cyanide  does  not  entangle 
salts  which  are  precipitated  with  it.  The  retention  of  t!ie  mercuric 
cyanide  by  zinc  cyanide  must,  therefore,  be  attributed  to  the  existence 
of  chemical  attraction  between  the  molecules  of  these  salts,  under  the 
conditions  which  obtain  during  precipitation.  The  correctness  of 
this  conclusion  has  since  been  substantiated  by  a  considerable  mass 
of  experimental  evidence. 

It  has  already  been  shown  that  cold  water  has  no  immediate  action 
on  the  substance,  but  that  after  prolonged  contact  mercuric  cyanide 
is  very  gradually  dissolved.  If  the  inability  of  the  water  to  dissolve 
the  mercuric  cyanide  is  due  to  anything  in  the  nature  of  a  protective 
coating  of  zinc  cyanide,  a  liquid  in   which  zinc  cyanide  is  insoluble 
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but  whicli  dissolves  mercuric  cyanide  mucli  more  readily  than  water, 
should  also  be  unable  to  dissolve  mercuric  cyanide  from  the  sub- 
stance, whereas,  if  the  mercuric  salt  were  loosely  combined  with  the 
zinc  cyanide,  it  might  be  more  readily  dissolved  by  this  liquid,  especi- 
ally if  it  contained  a  salt  capable  of  forming  a  stable  compound  with 
the  mercuric  cyanide.  A  number  of  experiments  were  made  with,  tlie 
object  of  finding  some  solution  which  would  serve  this  purpose. 
Exactly  the  proper  liquid  was  at  last  found  in  a  strong  aqueous  solu- 
tion of  potassium  iodide,  in  which  mercuric  cyanide  is  far  more 
soluble  than  it  is  in  water,  owing  to  the  formation  of  a  soluble 
crystalline  double  salt  of  the  formula  Hg(CN)2,2KI.  The  effect  was 
therefore  tried  of  digesting  a  material  containing  36'5  per  cent,  of 
retained  mercuric  cyanide  with  a  strong  aqueous  solution  of  potas- 
sium iodide.  A  weighed  quantity  (13  grams)  was  left  in  contact 
with  16  c.c.  of  the  solution,  at  the  ordinary  temperature,  for  24  hours. 
The  precipitate  was  collected,  washed  with  cold  water  until  free  from 
soluble  mercuric  salt  and  dried.  On  analysis,  it  was  proved  that  the 
substance  now  consisted  almost  entirely  of  zinc  cyanide,  only  0  8  per 
cent,  of  mercuric  cyanide  being  present.  It  is  thus  shown  that  whilst 
cold  water,  after  digestion  with  the  material  for  24  hours,  dissolves 
only  about  1  per  cent,  of  the  mercuric  cyanide,  a  strong  solution  of 
potassium  iodide,  acting  under  the  same  conditions,  dissolves  35*7  per 
cent,  of  the  salt,  that  is,  practically  the  whole  of  the  retained  mercuric 
cyanide.  From  the  filtrate,  crystals  were  obtained  whose  composition 
corresponded  with  the  formula  Hg(CN)2,2KI. 

This  result  negatives  the  suggestion  that  the  mercuric  cyanide  is 
encased  by  the  zinc  cyanide,  and  is  in  accordance  with  the  conclusion 
that  the  material  contains  a  compound  of  the  two  cyanides. 

The  Conditions  which  influence  the  Betention  of  Mercuric  Gyanide, 

An  extended  series  of  observations,  as  to  the  conditions  which  affect 
the  retention  of  the  mercuric  cyanide  in  the  precipitate,  has  not  only 
confirmed  this  conclusion,  but  has  furnished  evidence  which  makes  it 
possible  to  ascertain  with  considerable  certainty  what  the  composition 
of  the  double  cyanide  is. 

Experiments  have  been  made  in  which  the  various  conditions 
attending  precipitation  have  been  modified  in  order  to  ascertain  to 
what  extent  they  determine  the  composition  of  the  substance.  It 
has  been  found  that  the  order  in  which  the  two  solutions  are  mixed 
does  not  appreciably  affect  the  composition  of  the  precipitate. 
Working  with  saturated  aqueous  solutions  containing  equiraolecillar 
proportions  of  mercuric  potassium  cyanide  and  zinc  sulphate,  the 
addition  of   the  solution  of   zinc  sulphate  to  that  of   the  mercnric 
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potassium  cyanide  furnislied  a  precipitate  which,  after  washing,  con- 
tained 36'9  per  cent,  of  mercuric  cyanide,  whilst  when  the  mercuric 
potassium  cyanide  was  added  to  the  zinc  sulphate  the  washed  pre- 
cipitate contained  37*7  per  cent,  of  the  mercuric  salt. 

A  study  of  the  influence  of  temperature  has  proved  that  the  higher 
the  temperature  the  smaller  is  the  amount  of  mercuric  cyanide  retained 
by  the  precipitate.  The  experiments  described  above  were  repeated 
at  100°,  boiling  solutions  of  the  reacting  salts  being  mixed,  so  that  the 
influence  of  temperature  might  be  ascerfcained.  The  precipitate  pro- 
duced under  these  conditions  contained  25*5  per  cent,  of  mercuric 
cyanide,  which  is  about  11  per  cent,  less  than  that  resulting  from 
interaction  at  about  16°.  This  difference  probably  corresponds  with 
the  increased  solubility  of  the  mercuric  cyanide  in  the  hot,  as  com- 
pared with  the  cold  solution  of  potassium  sulphate. 

It  now  became  of  interest  to  determine  the  action  of  mass  on  the 
chemical  change.  For  this  purpose  1  mol.  proportion  of  mercuric  potas- 
sium cyanide  was  fractionally  precipitated  with  1  mol.  proportion  of 
zinc  sulphate,  the  two  solutions  being  prepared  with  as  little  water  as 
possible,  and  the  solution  of  zinc  sulphate  added  in  four  equal  parts. 
The  precipitate  was  collected  after  the  addition  of  each  fourth  part, 
and  washed  with  cold  water  as  before.  The  composition  of  the  four 
precipitates  was  then  ascertained  by  analysis.  Two  series  of  experi- 
ments were  made  in  this  way,  the  first  at  a  rather  lower  temperature 
than  the  second,  which  accounts  for  the  small  differences  in  the 
two  series  of  percentages.  The  details  are  given  in  the  table,  and 
the  curves  plotted  from  these  results  are  shown  in  the  diagram 
(Fig-  1). 

Fractional  Frecipitation  of  Mercuric  Potassium  Cyanide  (1  mol.)  with 
Zinc  Sulphate  (1  mol.  added  in  4  eq^ial  parts) .     (Fig.  1,  A  and  B.) 

Series  A.     t  =  10—13°. 


Per  cent.  Hg(CN)2 
i  mol.  ZnS04.  in  precipitate. 

1st 27-15 

2nd 31-95 

3rd 34  37 

4th 38-53 


Series  B.     t  =  17—20". 

, ^ ^ ^ 

Per  cent.  Hg(CN)2 
i  mol.  ZnS04.  in  precipitate. 

1st 25-7 

2nd 31-2 

3rd 34-0 

4th 380 


The  results  show  that  there  is  a  gradual  increase  in  the  percentage  of 
retained  mercuric  cyanide  in  each  fraction  of  the  precipitate,  the  first 
fraction  containing  the  least,  and  the  last  fraction  the  most,  mercuric 
salt.  When  the  reaction  is  carried  out  in  this  manner  there  are  three 
variable  conditions  :  (1)  the  amount  of  water,  which  increases  with 
each  addition  of  the  solution  of  zinc  sulphate;  (2)  the  amount  of 
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potassium  sulphate,  wMcli  is  also  augmented  by  each  addition  of 
zinc  sulphate;  and  (3)  the  amount  of  mercuric  potassium  cyanide, 
which  diminishes  relatively  with  each  addition  of  zinc  sulphate;  the 
first  fraction  of  the  precipitate  is  formed  by  the  interaction  of 
lZnS04  and  4HgK.,(CIS')4,  the  second  by  the  interaction  of  lZnS04 
and  3HgK2(CN)4,  the  third  by  the  interaction  of  lZnS04  and 
2HgK2(CN)4,  whilst  the  fourth  fraction  results  from  the  interaction 
of  lZnS04  and  lHgK2(0]S')4.  The  largest  percentage  of  mercuric 
cyanide  is  retained  when  reaction  occurs  in  equimolecular  propor- 
tions, but  even  then  a  large  quantity  of  the  mercuric  cyanide,  nearly 
three-fourths  of  the  total  quantity,  appears  in  the  precipitate  in  the 
free  state  and  is  subsequently  washed  away. 

The  variations  in  the  composition  of  the  precipitates  cannot  be 
principally  attributed  to  the  action  of  the  water,  since  former  exper  i- 
ments  have  shown  that  the  larger  the  quantity  of  water  present 
during  the  precipitation  the  smaller  is  the  quantity  of  mercuric 
cyanide  retained,  whilst  here,  although  the  volume  of  water  increases 
with  each  fractional  precipitation,  the  amount  of  retained  mercuric 
cyanide  also  increases,  the  smallest  quantity  being  found  when  the 
volume  of  water  is  smallest,  and  the  largest  amount  when  the  volume 
of  water  is  greatest.  It  is  clear  that  there  must  be  some  other 
influence  at  work  in  the  opposite  direction.  It  is  improbable  that  the 
increase  in  the  mass  of  the  potassium  sulphate  will  do  more  than 
slightly  enhance  the  amount  of  mercuric  cyanide,  since  it  can  only 
act  by  dissolving  in  the  water  and  rendering  it  incapable  of  removing 
so  much  mercuric  salt. 

There  remains  for  consideration  the  variation  in  the  mass  of  the 
mercuric  potassium  cyanide.  That  this  salt  exerts  an  important  in- 
fluence on  the  course  of  the  change  is  evident  from  the  circumstance 
that  the  size  of  the  first  fraction  is  very  much  smaller  than  that  of  the 
precipitates  subsequently  formed.  It  is  observable  that  the  larger 
the  proportion  of  this  salt  to  that  of  one  molecule  of  zinc  sulphate 
the  smaller  is  the  percentage  of  mercuric  cyanide  retained.  The 
maximum  percentage  is  reached  when  the  two  salts  are  present  in 
equimolecular  proportions;  that  is  to  say,  when  there  is  sufficient 
zinc  sulphate  present  to  decompose  the  whole  of  the  mercuric  potas- 
sium cyanide,  in  accordance  with  the  equation 

ZnSO*  +  HgK2(CN)4  =  Zn(CN)2  +  Hg(CN)2  +  K^SO*. 

The  action  of  excess  of   mercuric    potassium   cyanide   on  the   pre- 
cipitate appears  to  be  represented  by  the  equation 

[xZnGN2  -h  yHg(CN-) J  +  ligK,(CN),  =  ZnK,(GN),  +  yHgCCN), 

-I-  iBZn(CN)2. 
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These  results  serve  to  exhibit  the  influence  of  excess  of  mercuric 
potassium  cyanide  on  the  composition  of  the  precipitate.  In  another 
series  the  influence  of  excess  of  zinc  sulphate  was  studied.  In  these 
experiments  the  action  of  one  of  the  variables  alluded  to  above  was 
reduced  to  a  minimum.  The  quantity  of  potassium  sulphate  was 
made  as  far  as  possible  constant  by  saturating  both  the  solution  of 
mercuric  potassium  cyanide  and  that  of  zinc  sulphate  with  this  salt 
before  mixing  the  two  substances  together,  so  that  in  every  instance 
precipitation  occurred  in  a  liquid  saturated  with  potassium  sulphate. 
A  cold  saturated  solution  containing  45*5  grams  (1  mol.  proportion)  of 
mercuric  potassium  cyanide  was  saturated  with  potassium  sulphate. 
The  volume  of  the  solution  was  75  c.c.  Different  volumes  of  the 
liquid  were  added  to  a  saturated  aqueous  solution  containing 
9'8  grams  (1  mol.  proportion)  of  zinc  sulphate  ;  this  solution  being  alsa 
saturated  with  potassium  sulphate.  The  precipitates  were  collected, 
washed,  dried,  and  analysed  in  the  usual  manner.  The  following 
are  the  results  which  were  obtained ;  from  them  the  curve  in  Fig.  2 
has  been  plotted.  Unlike  the  experiments  in  the  former  series,  these 
do  not  represent  a  process  of  fractional  precipitation ;  the  solutions 
containing  different  amounts  of  the  mercury  salt  being  added  each  to 
a  separate  solution  containing  the  1  mol.  proportion  of  zinc  sulphate. 

Precipitation  of  Solution  of  1  mol.  proportion  of  ZnSOi  with  varying 
quantities  of  JigK^{Cl^)^.     (Fig.  2.) 


Mols.  of  HgKo(CN)4 
to  1  mol.  ZnS04, 

Percentage  of  Hg(CN)2  retained 
in  the  precipitate. 

0-146 

31-58 

0-30 

34-02 

0-446 

35-82 

0-7 

37-74 

0-9 

38-40 

1-0 

38-50 

1-31 

38-44 

In  plotting  these  results  the  curve  bas  been  drawn,  not  by  the  free 
hand,  but  with  a  bent  lath,  in  the  manner  suggested  in  his  work  on 
the  properties  of  solutions  by  my  friend  Mr.  Spencer  Pickerings 
F.R.S.,  to  whom  I  am  indebted  for  much  valuable  information.  It  is 
interesting  to  observe  that  the  first  six  experimental  points  lie  per- 
fectly on  the  curve  made  by  the  bent  lath  (the  continuous  line  in  Fig.  2), 
whereas  the  seventh  point  lies  beyond  this  curve,  thus  indicating  the 
existence  of  a  change  of  curvature  at  or  near  the  sixth  point,  which  cor- 
responds with  the  interaction  of  equimolecular  proportions  apd  the  pro- 
duction of  the  maximum  amount  of  retained  mercuric  cyanide.     It  is 
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Mols.  HgK2(CN)4  to  1  mol.  ZnS04. 

clear  that  a  change  of  curvature  must  occur  here,  for  the  conditions 
change  at  this  point ;  the  precipitation,  which  before  was  only  partial, 
here  becomes  complete,  and,  of  course,  remains  so  at  all  points  beyond. 
It  may  be  inferred  from  the  direction  which  the  bent  lath  curve 
follows,  that  even  if  the  conditions  which  obtained  at  the  first  six 
points  before  the  equimolecular  proportion  was  reached  were  con- 
tinued, the  maximum  formation  would  still  coincide  with  the  point 
at  which  equimolecular  interaction  takes  place,  for  the  cur-^e  bends 
downwards  after  reaching  the  sixth  point. 

A  comparison  of  Fig.  1  with  Fig.  2  shows  that  excess  of  zinc 
sulphate,  like  excess  of  mercuric  potassium  cyanide,  leads  to  the 
retention  of  less  mercuric  cyanide  in  the  precipitate.  The  maximum 
quantity  retained  corresponds  with  that  found  in  the  previous  series 
of  experiments,  namely,  38*5  per  cent,,  and  the  precipitate  containing 
the  maximum  quantity  of  mercuric  cyanide  is  foi*med  at  exactly  the 
same  point,  namely,  when  equimolecular  proportions  of  mercuric 
potassium  cyanide  and  zinc  sulphate  interact.  The  difference  in  the 
character  of  the  two  curves  is  to  be  attributed  partly  to  the  fact  that 
the  experiments  to  which  they  relate  were  not  made  in  exactly  the 
same  manner,  but  chiefly  to  the  circumstance  that  the  environment 
of  the  precipitate  is  not  the  same  in  the  two  cases.  In  the  first 
series,  the  salts  in  the  solution  surrounding  the  precipitate  are 
potassium  sulphate  and  mercuric  potassium  cyanide,  whilst,  in  the 
second  series,  the  solution  which  surrounds  the  precipitate  contains 
potassium  sulphate  and  zinc  sulphate. 

It  has  now  been   satisfactorily  demonstrated  that  the  phenomenon 
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under  investigation  is  the  formation  of  double  cyanide  of  zinc  and 
mercury,  insoluble  in,  but  partially  decomposed  by,  water.  Can  any 
evidence  be  obtained  as  to  tbe  composition  and  formula  of  this  double 
salt? 

The  maximum  percentage  of  retained  mercuric  cyanide  is  near 
38'5  per  cent.,  and  by  no  device  bas  it  been  found  possible  to  appreci- 
ably augment  this  quantity,  which  corresponds  with  the  interaction  of 
equimolecular  proportions  of  the  salts  dissolved  in  the  minimum 
quantity  of  water.  Since  water  must  be  present  in  order  that  reaction 
may  occur,  some  of  the  double  cyanide  will  inevitably  be  decomposed, 
even  if  the  water  is  at  first  saturated  with  potassium  sulphate  or  mer- 
curic cyanide ;  for  as  soon  as  precipitation  takes  place  the  water 
which  previously  held  the  reacting  salts  in  solution  will  be  set  free  to 
decompose  the  double  salt  or  prevent  its  formation  by  dissolving 
mercuric  cyanide.  Having  regard  to  the  fact  that  some  decomposi- 
tion must  occur,  and  that,  therefore,  the  substance  will  always 
contain  some  free  zinc  cyanide,  it  is  probable  that  the  pure  double 
salt  contains  somewhat  more  mercuric  cyanide  than  the  maximum 
actually  obtainable,  viz.,  38*5  per  cent.  The  simplest  molecular 
proportion,  representing  somewhat  more  than  38*5  per  cent,  of 
mercuric  cyanide,  is  Zn(CN)2,5Hg(CN)2  or  Zn4Hg(CN)io,  which 
requires  40*65  per  cent,  of  mercuric  cyanide.  Confirmatory  evi- 
dence  that  this    is    really  the    formula   of   the    double    cyanide    is 
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Fig.  3. 

=  HgK2(CN)4  mols.  added  to  ZnS04  mols. 
=  Z11SO4  mols.  added  to  HgE'2(CN)4  mols. 
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afforded  bj  a  closer  examination  of  tlie  curves  representing  the  two 
series  of  results  above  described.  For  tbis  purpose  these  two  series 
of  results  have  been  plotted  in  one  diagram  (Fig.  3).  In  order  to 
render  this  possible,  the  "  percentage-molecular  "  plotting,  suggested 
by  Mr.JPickering,  has  been  adopted  in  this  diagram.  The  percentage 
numbers  of  molecules  of  mercuric  potassium  cyanide  in  the  total 
number  of  reacting  molecules  are  plotted  against  the  percentages  of 
mercuric  cyanide  retained  in  the  precipitates.  The  numbers  used  are 
as  follows  : — 


Left-hand  curve. 

Right-hand 

curre. 

Per  cent. 

HgK2(CN)4mols.  in 

the  HgK2(CN)4  +  ZnS04 

mols. 

12-74 

Per  cent,  of 

Hg(CN)2 

in  precipitates. 

31-58 

Per  cent,  of 

HgK2(CN)4  mols. 

in  the  HgKaCCN)^ 

+  ZnS04  mols. 

50-0 

Per  cent. 

ofHg(CN)2 

in  precipitates 

38-53 

2310 

34-02 

66-67 

34-37 

30-85 

35-82 

75-0 

31-95 

41-18 

37-74 

80-0 

2715 

47-37 

38-40 

— 

— 

6000 

38-50 

— 

— 

56-71 

38-44 

— 

— 

The  following  equations  also  illustrate  the  nature  of  the  reaction 
depicted  by  the  two  branches  and  by  the  apex  of  the  curves.  In 
these  equations  the  formula  of  the  precipitate  is  assumed  to  be 
Zn4Hg(CISr)io,  although  the  facts  which  they  indicate  are  independent 
of  any  particular  formula. 

T.  2(4ZnS04,ajH20)  +  l[4HgK2(CN)4,2/H20] 

=  l[Hg(CN)„4Zn(CN2)]  +  3[Hg(CN)J  +  [(2x  +  2/)H,0] 
+  1(K2S04)  +  ZnS04.     Left-hand   curve.      Zinc   sulphate 
in  excess. 
II.  l(4ZnS04,ajH20)  +  l[4HgK2(C]Sr)4,3/H20] 

=  l[Hg(CN)a,4Zn(CN)2]  +  3[Hg(CN)J  +  [(x  +  y)R,0] 
+  4(K2S04).     Apex  of  curves.     Equimolecular  proportions 
interact. 
III.  l(4ZnS04,a;H20)  +  2[4HgK2(0N)4,2/H2O] 

=  l[Hg(C]Sr)2,4Zn(CN)2]  +  3[Hg(CN)2]  +  [(x  +  2y)K,0] 
+  4(K2S04)  +  l[4HgK2(CN)4].  Right-hand  curve.  Mer- 
curic potassium  cyanide  in  excess. 

A  glance  at  these  equations  shows  that  the  amount  of  water  per 
molecule  of  precipitate  formed  is  least,  and  therefore  the  percentage 
of  mercuric  cyanide  in  the  precipitate  (which  is  partially  decom- 
posed by  water)  must  be  greatest,  when  the  reagents  are  present  in 
equimolecular  proportions,  the  (x  +  y)H.iO  present  in  this  case  being 
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always  less  than  the  {nx  +  y)H20  or  (x  +  ny)}l20  present  in  the 
other  cases. 

Moreover,  reference  to  the  diagram  (Fig.  3)  shows  that,  in 
accordance  with  this  conclusion,  the  percentage  of  mercuric  cyanide 
is  actually  greatest  at  the  eqnimolecular  proportion.  As  has  already 
l)een  pointed  out,  the  two  branches  of  the  fignre  are  not  strictly 
(comparable,  owing  chiefly  to  the  presence  of  different  substances  in 
the  two  liquids  in  which  the  precipitate  is  formed ;  the  results 
expressed  by  the  right-hand  branch  are  probably  more  complex  than 
those  of  the  left-hand  branch,  because  of  the  presence  in  the  former 
case  of  excess  of  mercuric  zinc  cyanide,  which  has  a  very  marked 
action  on  the  precipitate.  The  left-hand  branch  must,  therefore,  be 
taken  as  representing  more  simply  the  mass  action  of  the  water 
alone  on  the  precipitate.  Now  the  first  three  experimental  points  on 
this  branch,  where  this  action  is  further  simplified  by  the  smallness 
of  the  precipitate  formed,  lie  on  a  nearly  straight  line  ;  by  prolonging- 
this  line  (the  dotted  line  in  Fig.  3)  to  eqnimolecular  proportions  of 
the  reagents,  we  arrive  at  the  probable  composition  of  the  pre- 
cipitate which  would  be  formed  in  presence  of  the  minimum  quantity 
of  water,  if  the  reaction  occurred  under  the  same  simple  conditions 
which  obtained  in  the  first  three  experiments.  The  composition  thus 
indicated  is  40'5  per  cent,  of  mercuric  cyanide,  a  number  which 
agrees  almost  exactly  with  the  percentage  (4!0'65)  required  by  the 
formula  Zn4Hg(CN)io.  It  may,  therefore,  be  safely  concluded  that 
this  is  the  formula  of  the  double  salt. 

In  the  course  of  the  numerous  experiments  which  this  inquiry  has 
involved,  no  evidence  has  been  obtained  of  the  existence  of  any  other 
compound  of  the  two  cyanides  than  that  now  described.  A  special 
experiment  was  made  to  ascertain  whether  the  formation  of  the  deca- 
cyanide  is  preceded  by  the  production  of  a  salt  richer  in  mercury^ 
such  as  that  assumed  by  Grmelin,  ZnHg(CN)4.  For  it  might  be 
that  this  tetracyanide  is  formed  according  to  the  equation 

HgK2(CN)4  +  ZnS04  =  HgZn(CN)4  +  K2SO4, 

and  subsequently  breaks  up  into  mercuric  cyanide  and  the  doable  deca- 
cyanide  4HgZn(CN)4  =  3Hg(CN),  +  Zn4Hg(CN)io.  A  cold  saturated 
solution  of  mercuric  potassium  cyanide  was  made  to  dissolve  as  much 
mercuric  cyanide  as  possible,  the  liquid  being  digested  for  some  hours 
with  the  mercuric  salt  finely  powdered.  A  cold  saturated  solution  of 
zinc  sulphate  was  likewise  made  to  absorb  as  much  mercuric  cyanide 
as  it  would  take  up.  The  solutions  were  then  mixed,  the  precipitate 
collected  and  washed  with  a  saturated  aqueous  solution  of  mercuric 
cyanide,  and  dried  over  calcium  chloride  and  analysed.  It  contained 
60  per  cent,  of  mercuric  cyanide ;  the  formula  HgZn(CN)4  requires 
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68' 29  per  cent.  When  washed  with  cold  water  the  precipitate 
behaved  as  if  it  contained  free  mercuric  cyanide,  mercuric  salt 
being  quickly  dissolved  in  large  quantity.  The  washing  was  con- 
tinned  nntil  no  more  mercuric  cyanide  was  removed,  when  the  re- 
maining precipitate  was  dried  and  analysed.  It  contained  38'8  per 
cent,  of  mercuric  cyanide,  which  is  only  very  slightly  higher  than  the 
maximum  percentage  already  determined,  namely,  385.  There  is, 
therefore,  no  evidence  that  these  two  cyanides  can  combine  in  any 
but  the  proportion  4Zn(CN)2:  Hg(CN)2.  It  is  not  to  be  expected 
that  saturating  the  solutions  with  mercuric  cyanide  would  prevent 
decomposition  and  cause  any  appreciable  increase  in  the  retention  of 
mercuric  cyanide,  since  directly  precipitation  commences  the  water  in 
which  the  reacting  salts  were  dissolved  will  be  set  free  and  will  be 
able  to  attack  the  donble  salt  and  dissolve  mercuric  cyanide  from  it. 

Attempts  to  Prepare  the  Double  Salt  in  other  ways. 

It  has  already  been  shown  that  this  double  salt,  Zn(CN)2,:^Hg(CN)2, 
cannot  be  produced  except  by  means  of  a  process  in  which  the  two 
cyanides  are  precipitated  together.  It  cannot  be  formed  by  heating 
at  100°  the  ready  formed  cyanides,  either  with  or  without  water ; 
neither  does  it  result  from  the  action  of  hydrogen  cyanide  on  a  mix- 
ture of  mercuric  oxide  and  zinc  carbonate  suspended  in  water  or 
alcohol.  These  are  the  methods  usually  employed  in  forming  soluble 
double  salts. 

It  appears  probable  that  the  explanation  of  this  remarkable  fact 
may  reside  in  the  circumstance  that  combination  cannot  occur  unless 
simple  molecules,  Zn(CN)2  and  Hg(CN)2,  are  brought  together. 
We  know  that  these  salts  in  the  solid  state  are  most  probably  com- 
posed of  complex  molecules  of  the  formula  [Hg(CN')2]M  and 
[Zn(CN)2]n.  There  seems  to  be  no  tendency  on  the  part  of  these 
complexes  to  combine  together.  Similarly,  the  solid  oxide  of  mercury 
and  the  solid  zinc  carbonate  may  be  supposed  to  consist  of  complexes 
of  the  simple  fundamental  molecules  HgO  and  ZnCOg ;  and  it  appears 
that  these  are  changed  into  masses  of  the  solid  cyanides  by  the 
action  of  hydrogen  cyanide,  and  hence  the  double  salt  cannot  be 
formed  in  this  way.  When,  however,  the  two  cyanides  are  precipi- 
tated from  solution,  we  must  suppose  that  at  first  the  simple  funda- 
mental molecules  are  formed,  and  that  combination  takes  place 
etween  them  in  the  proportion  4Zn(CN)2 :  Hg(CN')2  to  an  extent 
which  is  principally  conditioned  by  the  quantity  of  water  present. 
Many  of  the  fundamental  molecules  unite  with  each  other  to  form  the 
molecular  aggregates  which  constitute  the  solid  zinc  cyanide;  whilst 
those  of  the  mercuric  cyanide  not  required  for  the  production  of  the 
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<3ouble  salt  also  aggregate  as  solid  particles,  al though  some  which 
would  otherwise  enter  into  combination  with  zinc  cjanide  dissolve 
in  the  water.  When  the  precipitate  is  washed  with  cold  water,  the 
uncombined  and  undissolved  solid  particles  of  mercuric  cyanide  are 
removed,  but  the  double  salt,  which  is  always  mixed  with  zinc 
cyanide,  is  scarcely  attacked  by  the  cold  water. 

Several  attempts  have  been  made  to  experimentally  verify  the 
hypothesis  that  the  formation  of  the  double  cyanide  is  the  result  of 
<3ombination  between  fundamental  molecules.  The  undoubted  fact 
that  dilute  solutions  contain  these  simple  molecules  suggested  the 
possibility  of  preparing  the  compound  by  mixing  dilate  solutions  of 
the  two  cyanides.  Unfortunately  this  method  cannot  be  actually 
carried  out,  for  although  a  dilute  solution  of  mercuric  cyanide  in 
several  solvents  can  be  made,  it  has  not  been  found  possible  to  dis- 
solve zinc  cyanide  without  at  the  same  time  decomposing  it.  This 
salt  is  insoluble  in  water,  alcohol,  and  the  usual  solvents,  and  no 
liquid  could  be  found  in  which  it  would  dissolve  without  combination 
or  decomposition.  Spontaneous  evaporation  of  a  solution  of  mercuric 
cyanide  with  freshly  precipitated  zinc  cyanide  led  to  no  result. 

It  is  highly  probable  that  a  dilute  solution  of  metallic  zinc  in  mercury 
contains  monatomic  zinc  molecules,  and  if  the  solution  is  heated  it  is 
likely  that  some  monatomic  molecules  of  mercury  will  also  be  formed. 
If,  now,  cyanogen  gas  were  led  into  this  hot  solution  and  combination 
occurred,  there  would  be  present,  at  first  at  all  events,  fundamental 
molecules  of  the  two  cyanides  of  zinc  and  mercury  which,  it  is  to  be 
expected,  would  combine  to  form  the  double  salt.  Many  experiments 
have  been  made  in  this  manner  with  dilute  solutions  of  zinc  in  mer- 
cury at  all  temperatures  up  to  and  including  the  boiling  point,  but 
they  all  failed  to  afford  any  of  the  double  salt.  The  white  solid  which 
separated  from  the  mercury  was  found  to  be  almost  entirely  zinc 
cyanide.  The  cyanogen  had  not  combined  with  the  mercury  to  any 
appreciable  extent. 

As  both  mercuric  cyanide  and  zinc  cyanide  are  resolved  into  the 
metal  and  cyanogen  when  strongly  heated,  it  appeared  possible  that 
if  a  mixture  of  the  two  salts  were  heated  in  a  closed  and  vacuous 
tube,  so  that  a  certain  quantity  of  each  cyanide  is  decomposed,  that 
during  the  recombination  which  would  take  place  on  cooling  some  of 
the  double  cyanide  might  be  produced.  Numerous  experiments  of 
this  kind  failed,  however,  to  afford  any  of  the  substance,  owing, 
apparently,  to  the  polymerisation  of  the  cyanogen,  which  invariably 
occurred  when  the  temperature  was  elevated  enough  to  decompose 
zinc  cyanide. 

So  far,  then,  it  has  not  been  found  possible  to  prepare  the  double 
salt  in  any  other  way  than  by  precipitation. 
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Search  for  Similar  Double  Cyanides  of  other  Metals. 

A  large  number  of  experiments  have  been  made  in  order  to  ascer- 
tain whether  any  other  insoluble  double  cyanide  analogous  to  this 
mercuric  zinc  cyanide  can  be  prepared  by  the  union  of  mercuric 
cyanide  with  other  metallic  cyanides.  These  experiments  were,  as  a 
rule,  carried  out  in  tbe  following  manner.  A  cold  saturated  solution 
of  mercuric  potassium  cyanide  was  decomposed  with  a  cold  saturated 
solution  containing  an  equimolecular  proportion  of  the  metallic  salt, 
and  any  precipitate  that  formed  was  analysed  after  it  had  been 
washed  witb  cold  water. 

Cadmium. 

On  the  addition  of  a  saturated  solution  of  cadmium  chloride  to  a 
saturated  solution  of  mercuric  potassium  cyanide,  a  white  precipitate 
is  thrown  down.  When  washed  with  cold  water,  this  precipitate  dis- 
solves, and,  on  evaporating  the  solution  at  100°,  decomposition  sets  in 
with  evolution  of  hydrogen  cyanide.  If,  however,  the  precipitate  is 
dissolved  in  water  at  20°  and  the  solution  cooled  below  0°,  crystals 
separate.  These  were  purified  by  recrystallisation,  and  dried  over 
calcium  chloride.  They  contained  56'9  per  cent,  of  mercury;  the 
formula  Cd(CN)2,l|Hg(CN)2  requires  55'35  per  cent.  The  double 
cyanide  of  cadmium  and  mercury  is,  therefore,  a  soluble  salt  which 
differs  from  zinc  mercuric  cyanide  both  in  composition  and  properties. 

Nickel. 

A  cold  saturated  solution  of  mercuric  potassium  cyanide  was  de- 
composed with  a  saturated  solution  containing  an  equivalent  quantity 
of  nickel  chloride.  A  bulky,  green  precipitate  was  thrown  down 
which  was  washed  with  cold  water.  It  was  afterwards  examined,  but 
it  contained  no  mercuric  salt,  all  of  which  was  found  in  the  filtrate 
and  washings. 

Aluminium,, 

By  the  addition  of  a  saturated  solution  of  soda-alum  to  a  saturated 
solution  of  an  equivalent  quantity  of  mercuric  potassium  cyanide,  an 
abundant,  gelatinous  precipitate  was  thrown  down,  whilst  much 
hydrogen  cyanide  was  evolved.  The  washed  precipitate  contained  no 
mercury. 

Magnesium. 

When  saturated  solutions  containing  equivalent  quantities  of  mag- 
nesium sulphate  and  mercuric  potassium  cyanide  are  mixed,  no  pre- 
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<5ipitate  is  formed.     On  warming  the  solution,  decomposition  begins 
with  evolution  of  hydrogen  cyanide. 

Silver. 

A  saturated  solution  of  mercuric  potassium  cyanide  was  decom- 
posed by  adding  a  saturated  solution  containing  an  equivalent  pro- 
portion of  silver  nitrite.  An  abundant,  white  precipitate  resulted, 
and  this,  after  washing  with  cold  water,  consisted  of  pure  silver 
<;yanide. 

Lead. 

On  decomposing  a  saturated  solution  of  mercuric  potassium  cyanide 
with  a  satura^^ed  solution  of  lead  acetate,  a  sma'l,  white  precipitate  was 
obtained,  which,  after  washing,  contained  no  mercury. 

Manganese. 

Saturated  solutions  containing  equivalent  quantities  of  mercuric 
potassium  cyanide  and  manganous  chloride  were  mixed  together  in 
the  cold.  Much  hydrogen  cyanide  was  evolved,  and  only  a  small 
precipitate  was  obtained,  which,  after  it  had  been  washed,  contained 
no  mercury. 

Copper. 

A  solution  of  copper  sulphate  energetically  r*  acts  with  a  solution  of 
mercuric  potassium  cyanide;  some  gas  is  evolved,  and  the  mixture 
becomes  semi-solid.  After  washing  the  mass  with  cold  water  until 
it  was  free  from  soluble  mercuric  salt,  no  mertmric  salt  remained. 

Tin. 
The  solution  of  mercuric  potassium  cyanide  was  decomposed  with 
the  equivalent  quantity  of  stannic  chloride,  dissolved  in  the  smallest 
possible  quantity  of  water.  A  great  deal  of  hydrogen  cyanide  was 
given  off,  and  the  precipitate  which  formed  w.s  Mlmost  entirely  dis- 
solved by  washing  with  cold  water,  whilst  the  residue  contained  no 
mercury.  On  cooling  the  filtrate  below  O"",  flat,  tabular  crystals  were 
deposited,  which  were  dried  in  a  vacuum  over  calcium  chloride. 
These  crystals  fused  when  heated,  a  little  water  being  evolved.  By 
qualitative  analyses  they  were  found  to  contain  mercury,  potassium, 
cyanogen,  and  chlorine,  but  no  tin.  The  pei-ceutage  of  mercury 
present  in  them  was  ascertained  to  be  59'75  ;   ihe  torinula 

Hg(CN)„KCl,iOH, 

requires  59*5  per  cent. 

From  the  negative  results  of  these  exp^'Mments  with  various 
metallic  salts,  it  appears  that  the  tetrazincic  m(m> mercuric  decacyanidey 
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Zn4Hg(CN)io,  is  an  exceptional  compound,  no  similar  compound  of 
mercuric  cyanide  with  other  metallic  cyanides  having  been  obtained 
when  experiments  were  made  under  conditions  exactly  corresponding 
with  those  which  led  to  the  formation  of  the  mercuric  zinc  cyanide, 
which  this  inquiry  has  shown  must  be  included  in  the  little  known 
class  of  insoluble  double  salts. 


LX. — Note  on  Diastatic  Action. 


By  E.  K-.  MoRiTZ,  Chemist  to  the  Country  Brewers'  Society,  and  T.  A. 

Glendinning. 

In  the  course  of  some  technical  investigations  by  one  of  us  {Brewing 
Trade  Review^  1891,  6),  it  was  found  that  brewers'  worts,  as  they  issue 
from  the  mash- tun,  remain  constant  in  respect  to  their  starch- trans- 
formation products  when  digested  for  two  hours  at  the  same  tempera- 
ture as  that  at  which  the  conversion  was  conducted.  The  diastase 
in  these  solutions  therefore  exercises  (within  the  above  period)  no 
action  upon  the  starch  products  contained  in  it.  But  if  fresh  starch 
be  added  to  these  solutions,  the  diastase  (which  we  may  term 
"residual"  diastase)  is  found  to  possess  considerable  energy  in  lique- 
fying and  saccharifying  it,  although  it  appeared  from  these  experi- 
ments that  the  energy  of  this  residual  diastase  is  distinctly  inferior 
to  that  of  the  original  malt.  The  comparison  between  the  energy  of 
the  original  and  of  the  residual  diastase  was  estimated,  in  the  investi- 
gation referred  to,  by  rough  volumetric  methods,  and  it  appeared  to 
us  of  interest  to  determine  more  accurately  the  extent  to  which  the 
added  starch  is  acted  upon  by  the  residual  diastase.  The  following 
experiments  were  made  to  elucidate  the  question : — The  preparation 
of  the  malt  extract  (diastase  solution)  and  of  the  starch  paste,  as  well 
as  the  analyses  of  the  transformation  products,  were  carried  out 
exactly  as  laid  down  in  the  researches  of  Brown  and  Heron  (Trans., 
1879,  596).     The  plan  of  the  first  experiment  was  as  follows : — 

A  conversion  was  made  by  digesting  5  grams  of  starch  made  into 
paste  with  5  c.c.  of  normal  malt  extract  at  a  given  temperature  for  two 
hours.  The  volume  of  the  solution  during  conversion  was  175  to 
180  c.c.  At  the  expiration  of  the  converting  period,  the  conversion 
was  quickly  cooled  and  made  up  to  200  c.c.  at  15*5°;  a  portion  wa« 
abstracted  for  analysis,  further  diastatic  action  being  arrested  in  it  by 
the  addition  of  salicylic  acid.  Half  the  volume  of  the  conversion  was 
used  as  the  converting  agent  for  afresh  lot  of  starch  paste  (2*5  grams). 
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This  second  conversion  was  conducted  at  the  same  temperature  as 
the  first,  and  for  the  same  time.  A  portion  of  this  second  conversion 
was  abstracted  and  analysed  as  before,  and  one-half  the  volume  now 
used  as  the  converting  agent  for  a  third  lot  of  starch  paste  (1*25 
grams),  which  was  again  digested  at  the  previous  temperature,  and 
for  the  same  time,  and  then  analysed.  In  the  second  and  third  trans- 
formations, the  amount  of  starch  paste  and  malt  extract  clearly  bear 
the  same  relation  to  each  other  as  in  the  first. 

The  transformation  products  are  all  expressed  as  K3.86,  that  is,  in 
terms  of  the  cupric  reducing  power  of  the  solid  matter  in  solution 
referred  to  pure  dextrose  taken  as  100  ;  the  volumes  taken  for  analysis 
are  referred  to  weights  from  determinations  of  their  sp.  gr.  at  15 "5°. 
The  first  conversion  will,  besides  maltose,  contain  reducing  sugars, 
due  to  the  malt  extract ;  the  total  reducing  power  of  the  conversion 
is  therefore  corrected  for  this  by  determining  the  reducing  matters  in 
the  malt  extract  used,  after  digesting  it  for  the  same  time,  and  under 
the  same  conditions  as  the  first  conversion.  The  second  and  third 
conversions  will  contain  (besides  some  of  the  reducing  sugars  from 
the  malt  extract)  an  abundance  of  maltose,  formed,  in  the  case  of  the 
second  conversion,  from  the  first,  in  the  case  of  the  third  conversion, 
from  the  second.  The  second  and  third  conversions  are,  therefore, 
corrected  by  determining  and  deducting  the  reducing  matters  in 
portions  of  the  first  and  second  transformations,  after  digestion  for 
the  same  time,  and  under  the  same  conditions,  as  the  second  and  third 
transformations  respectively.  In  the  second  conversion,  the  total 
reducing  power  is  therefore  corrected  by  that  of  the  first  conversion 
added,  plus  that  due  to  any  increase  in  it  incident  to  a  further  diges- 
tion for  two  hours.  Similarly  with  the  third  conversion.  The  solid 
matter  of  the  first  conversion  is  corrected  by  that  of  the  malt  extract 
used ;  that  of  the  second  by  the  solids  of  the  first,  and  so  on.  The 
following  figures  give  our  results,  after  making  the  various  corrections 
above  described : — 

Series  I. — Digestions  for  two  hours ;  ratio  of  malt  extract  to  starch, 
1  c.c.  to  1  gram ;  this  ratio  maintained  constant.  Temperature  of 
transformations,  52°*  throughout. 

*  The  above  temperature  was  selected  for  this  series  as  being  the  optimum  one 
for  diastatic  energy.  In  some  of  the  later  conversions,  the  malt  extract  was 
momentarily  heated  at  the  transformation  temperature  before  use.  This  was  not 
done  throughout  Series  I,  as  at  the  temperature  employed  there  is  no  weakening 
of  the  diastase  by  subjection  to  .that  temperature  beforehand.  Thus,  even  when 
heated  at  52°  for  three  hours  previous  to  employment,  malt  extract  converted 
starch  at  52°  (ratio  1  c.c.  to  1  gram)  to  a  K  of  48*6,  and  to  a  K  of  48"0  when  the 
ratio  was  1  c.c.  to  3  grams.  These  figures  agree  so  closely  with  those  of  Series  I,  in 
which  malt  extract  was  unheated  previous  to  transformation,  that  the  influence  of 
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A.  First  conversion 48'7 

Second  conversion  (transformed  with  first) 48*6 

Third  conversion  (transformed  with  second) 48*4 

B.  First  conversion 48'5 

Second  conversion  (transformed  with  first) 48"6 

Third  conversion  (transformed  with  second) 484 

C.  First  conversion 48*5 

Second  conversion  (transformed  with  first) 48"0 

Third  conversion  (transformed  with  second) 48'2 

Under  the  conditions  of  the  above  experiments,  the  "  residual  " 
diastase  is  not  only  very  vigorous,  but  its  vigour  is  exactly  equal  to 
that  of  the  original  diastase.  Later  experiments  show  that  this  is 
not  invariably  the  case ;  in  this  instance,  the  equality  in  vigour 
between  original  and  residual  diastases  is  due  to  the  relatively  high 
ratio  of  malt  extract  to  starch,  and  to  the  employment  of  an  optimum 
temperature.  Of  these  favouring  causes,  the  former  is  found  to  be 
the  less  important.  This  is  in  some  measure  indicated  by  three  in- 
dependent transformations,  carried  out,  as  before,  at  52°,  but  where 
the  whole  of  the  starch  paste  previously  used  (15  grams)  is  converted 
at  once  (instead  of  being  previously  added)  by  5  c.c.  of  malt  extract. 
The  ratio  of  malt  extract  to  starch  is  now  1  :  3.  The  digestions  are 
two  hours,  as  before,  and  the  corrections  for  malt  extract,  &c.,  applied 
as  previously  described.     The  following  are  the  results  : — 

D   48-4 

Di 48-5 

D2 e 481 

The  products  of  these  conversions  are  identical  with  those  of  A,  B, 
and  C,  in  spite  of  the  lowering  of  the  malt  extract  by  two-thirds  of 
the  previous  amounts. 

Such  influence  as  is  exercised  by  the  ratio  of  malt  extract  is  more 
plainly  seen  in  Series  II.  The  transformations  were  carried  out 
again  at  the  optimum  temperature  (52°),  and  under  the  same  condi- 
tions as  in  Series  I,  excepting  that  in  the  second  and  third  transforma- 
tions of  each  set,  the  starch  is  transformed  by  progressively  diminish- 
ing portions  of  first  conversion. 

Series  II. — Transformations  at  52°  for  two  hours. 

such  preparatory  treatment,  when  subsetiuently  converting  at  optimum  tempera- 
tures, may  be  neglected. 

VOL.   LXI.  3  0 
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Ratio  of  malt  extract 

to  starch.  K;,.sfi. 

A.  First  conversion 1  c.c.  :    1  gram.  48'4 

Second  conversion  (trans- 
formed with  first) 1  c.c.  :     2  grams.         48*5 

Third  conversion  (trans- 
formed with  first) 1  c.c.  :    4  grams.         47*7 

Fourth  conversion  (trans- 
formed with  first) 1  c.c.  :  10  grams.         40*1 

B.  First  conversion 1  c.c.  :    1  gram,  48*7 

Second  conversion  (trans- 
formed with  first) 1  c.c.  :     2  grams.         487 

Third  conversion  (trans- 
formed with  first) 1  c.c.  :    4  grams.         46*6 

C.  First  conversion.  . .  = 1  c.c.  :    1  gram.  48'3 

Second  conversion  (trans- 
formed with  first) 1  c.c.  :     4  grams.         46*8 

Third  conversion  (trans- 
formed with  first) ,      1  c.c.  :  10  grams.         41  "8 

From  these  experiments,  it  is  clear  that  diminishing  the  relative 
Amount  of  malt  extract  to  starch  does  to  some  extent  reduce  the 
vigour  of  the  residual  as  compared  with  that  of  the  original  diastase, 
but  not  very  markedly,  and  certainly  not  to  an  extent  proportional  to 
the  diminution.  The  influence  of  temperature  upon  the  euergy  of 
residual  diastase  is  far  more  marked,  and  is  shown  in  Series  III  and 
IV.  In  these  series,  the  same  conditions  are  adopted  as  in  Series  I, 
the  ratio  of  malt  extract  to  starch  being  high,  and  maintained  con- 
stant throughout ;  but  the  temperatures  of  transformation  adopted 
throughout  being  such  as  to  restrict  the  full  vigour  of  the  diastase. 

Series  III. — Ratio  of  malt  extract  to  starch  1  c.c.  to  1  gram  ; 
maintained  constant  throughout.  Transformations  conducted  through- 
out at  61°,  malt  extract  previously  heated  to  63°.*  Other  details 
exactly  as  in  Series  I. 

A.  First  conversion 45*3 

Second  conversion  (transformed  with  first) 36*9 

Third  conversion  (transformed  with  second) 24*3 

B.  First  conversion 46*4 

Second  conversion  (transformed  with  first) 37'8 

Third  conversion  (transformed  with  second) 28"2 

*  The  difference  of  2°  between  the  temperature  of  transformation  and  that  to 
T\  hich  the  malt  extract  is  previously  heated,  permits  of  a  sHght  accidental  rise  during 
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Series  IV. — As  above,  but  conversions  at  66°;  malt  extract  pre- 
viously heated  to  68°.* 

First  conversion , 38*4 

Second  conversion  (transformed  with  first) ,      28*8 

Third  conversion  (transformed  with  second) 22*5 

In  these  series  there  is  a  very  marked  discrepancy  between  the 
vigour  of  the  "  residual  "  and  of  the  original  diastase.  Previous 
experiments  indicated  that  this  is  rather  attributable  to  the  restric- 
tions of  the  diastase  by  the  higher  temperatures  than  to  any  deficiency 
in  the  quantity  of  malt  extract  used.  But  to  place  the  cause  of  this 
diminution  of  vigour  of  residual  diastase  beyond  doubt,  the  following 
experiments  were  made.  A  restricted  conversion  was  conducted  at 
61"  with  malt  extract  previously  heated  to  63°  ;  the  second  conver- 
sion was,  however,  conducted  with  a  larger  amount  of  malt  extract 
than  the  first.     The  following  results  were  obtained  : — 

Ratio  of  malt  extract 

to  starch.  ^3'86- 

First  conversion 1  c.c.  :  1  gram.  46*4 

Second      conversion      (trans- 
formed with  first) 2  c.c.  :  1  gram.  35*6 

The  decrease  in  the  vigour  of  the  residual  as  compared  with 
original  diastase  is  therefore  as  marked  as  in  Series  III,  where  the 
temperatures  adopted  were  the  same  as  here,  but  where  the  amount  of 
malt  extract  was  not  increased.  It  is  a  reasonable  presumption, 
therefore,  that  the  cause  of  the  decrease  in  diastatic  vigour  must  be 
sought  in  the  temperature.  That  this  is  so  is  clearly  shown  by  the 
following  experiment ;  the  starch  paste  was  transformed  at  61°  by 
malt  extract  previously  heated  to  63°,  a7id  kept  at  that  temperature  for 
three  hours.  Ratio  of  malt  extract  to  starch,  1  c.c.  to  1  gram  ;  period 
of  digestion,  two  hours.  The  K3.86  of  this  transformation  was  38'5. 
The  K3.86  of  two  similar  transformations  at  similar  temperatures,  but 
where  malt  extract  was  only  momentarily  taken  to  63°  and  then 
quickly  cooled,  was  45*3  and  46*4  respectively.  The  marked  decrease 
in  the  vigour  of  the  diastase  in  those  experiments  where  a  decrease  is 
found  is  therefore  essentially  to  be  attributed  to  the  influence  of  a 
protracted  subjection  to  a  temperature  in  excess  of  the  optimum  ;  such 
influence  being  more  pronounced  where  malt  extract  alone  is  exposed 
to    temperatures    exceeding   the   optimum   than    where   (as   during 

transformation  without  interference  with  results.   The  malt  extract  is  momentarily 
heated  to  the  required  temperature,  and  is  then  quickly  cooled  to  15"5°. 
*  See  previous  note. 

3  c  2 
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transformations)  it  is  exposed  to  them  when  mixed  together  with 
starch  or  starch  products. 

Incidentally  it  may  be  added  that  in  conducting  transformations 
with  different  kinds  of  starch,  the  source  of  the  starch  was  found  to 
be  an  important  factor  in  determining  the  extent  to  which  it  becomes 
hydrolysed  by  a  given  volume  of  malt  extract  in  a  given  time  under 
given  conditions.  With  the  three  kinds  of  starch  experimented  upon, 
we  found  that  the  starch  which  gelatinises  at  the  lowest  temperature 
is  hydrolysed  to  the  greatest  extent.  The  following  results  bear  this 
out. 

Temperature,  52°;  5  grams  starch  transformed  with  10  c.c.  of 
normal  malt  extract. 

K3.86  Gelatinising 

( "■ ^  temperatures 

Series  I.  Series  II.    (approximate). 

Potato  starch 49-6  49'6  65° 

Maize       „       45-9  46-4  75° 

Rice  „       43-2  43-3  80° 

l^ote. — Some  of  the  above  results  are  of  some  importance  in  regard 
to  the  operations  of  brewing.  During  the  "  mashing  "  or  conversion 
of  malted  grain,  a  certain  amount  of  starch  is  only  rendered  available 
for  conversion  some  time  after  the  attainment  of  the  resting  stage  in 
the  transformation  of  the  main  bulk  of  starch  which  is  converted 
during  the  early  stages  of  the  process.  Were  the  transformations 
carried  out  at  the  optimum  temperatures  in  respect  to  diastatic 
vigour,  there  is  reason  to  believe,  from  the  results  of  Series  I,  that 
the  "  later"  starch  (if  it  may  be  so  termed)  would  be  converted  by 
the  "residual"  diastase  to  the  point  reached  by  the  early  trans- 
formation. But  practical  operations  being  always  conducted  at 
temperatures  restrictive  of  the  full  activitj^  of  the  diastase,  it  is  clear, 
from  the  results  of  Series  III  and  IV,  that  the  residual  diastase  is 
incompetent  to  hydrolyse  the  "  later  "  starch  to  the  same  point  to 
which  the  original  starch  is  transformed.  Occasionally  the  difference 
in  the  conversion  products  in  the  early  and  late  stages  of  conversion 
gives  rise  to  practical  difficulties,  and  it  is  sought  to  overcome  them 
by  reserving  some  of  the  early  worts  for  intermixture  and  digestion 
with  the  later  worts,  with  the  object  of  transforming  the  latter  to 
the  same  point  as  the  former,  by  means  of  its  residual  diastase. 

The  results  of  Series  III  and  lY  indicate  that  this  action  would 
be  only  an  incomplete  one,  the  residual  diastase  of  the  early  wort 
having  been  weakened  by  subjection  for  some  time  to  a  temperature 
adverse  to  its  continued  vigour.  That  this  is  actually  so  is  shown  by 
the  following  experiments.  The  weak  later  worts  were  digested  with 
strong  first  worts  for  two  hours ;  the  digestions  were  carried  out  at  a 
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lower  temperature  than  that  at  which  either  wort  was  prepared. 
The  reducing  power  of  both  strong  and  weak  worts  was  determined 
after  digesting  for  the  same  time  and  at  the  same  temperature  as  the 
mixture ;  the  results  given  in  the  last  column  are  corrected  for  the 
reducing  power  of  the  strong  wort  added  : — • 


Ratio  of 

strong  to 

weak  wort. 

Approximate 

temperature  of 

strong  wort  on 

leaving 

mash -tun. 

Approximate 

temperature  of 

weak  wort  on 

leaving 

mash-tun. 

^3-86 

Strong. 

Weak. 

After 
mixture 
and  di- 
gestion. 

a  . .  . . 
b  .... 
c   ..  ., 
d  .... 

1:5 
1  :  10 
1  :  10 
1:  10 

67-7 

67-2 
67-2 
68-3 

67-2 
66-6 
66-6 
68-8 

40-6 
38-2 
39-1 
43-3 

36-7 
29-9 
30-6 
30-7 

39-6 
33-2 
35-6 
34-8 

The  solid  matters  in  the  weak  worts  ranged  from  1*5  to  3  grams 
per  100  c.c. ;  those  in  the  strong  from  21  to  24  grams  per  100  c.c.  ; 
the  ratio  of  1  vol.  strong  to  10  vols,  weak  wort  is  therefore  a  high  one. 
In  spite  of  the  relatively  large  amount  of  strong  wort  (and  therefore 
of  "  residual  "  diastase),  the  starch  products  of  the  weak  wort  are  not 
in  any  case  carried  to  the  same  point  as  that  to  which  the  original 
starch  was  converted.  These  experiments  have  a  special  bearing 
upon  the  operations  of  brewers  and  distillers  who  employ  unmalted 
as  well  as  malted  grain,  but  these  considerations  are  of  too  technical 
a  nature  to  be  entered  into  here. 

We  consider  that  our  results  entitle  us  to  form  the  following  con- 
clusions : — 

The  attainment  of  a  resting  stage  in  the  transformation  of  starch 
by  diastase  by  no  means  shows  that  the  energy  of  the  diastase  is 
exhausted.  The  energy  of  this  "  residual  "  diastase  is,  in  fact,  very 
considerable,  even  under  conditions  adverse  to  its  activity.  It  is 
somewhat  weakened  by  increasing  the  amount  of  starch  it  has  to 
convert,  but  it  is  weakened  to  a  marked  extent  by  subjecting  it 
for  some  time  to  a  temperature  exceeding  the  optimum  one  for 
saccharification,  especially  when  it  is  subjected  alone,  and  unmixed 
with  starch  or  starch  products.  When,  however,  it  is  not  exposed  for 
any  length  of  time,  whether  previous  to  the  first  or  to  subsequent 
transformations,  to  a  temperature  exceeding  the  optimum,  it  appears 
capable,  after  transforming  a  considerable  amount  of  starch,  to 
transform  further  quantities  to  nearly  the  same  point,  when  such 
further  quantities  are  added  successively  and  subsequent  to  the 
attainment  of  the  resting  stage  in  the  preceding  transformation. 
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No.  VII.   The  Dissociation  Constants  of  Organic  Acids. 

By  James  Walker,  D.Sc,  Ph.D.,  F.R.S.E. 

The  physical  properties  of  chemical  compoLinds  have  been  classified 
in  three  groups — additive,  colligative,  and  constitutive.  The  only 
purely  additive  property  is  mass  :  each  element  in  a  compound  con- 
tributes its  own  mass  to  the  total,  so  that  the  mass  of  the  compound 
is  the  sum  of  the  masses  of  its  constituents.  Other  properties  which 
are  essentially  additive  are  the  specific  heat,  specific  volume,  and 
specific  refractive  power;  but  in  all  these  cases  a  disturbing  influence 
is  apparent — similar  atoms  do  not  always  contribute  the  same 
amount  to  the  total,  but  the  quantities  vary  according  to  the  function 
exercised  by  the  atoms  in  the  compound.  Thus,  carbonjl  oxygen 
has  a  value  for  the  atomic  volume  different  from  the  value  attributed 
to  hydroxyl  oxygen  ;  and  so  it  is  with  other  elements.  Here  the 
additive  character  of  the  property  is  modified  by  constitution.  This 
influence  is  still  more  marked  in  properties  such  as  the  boiling  point, 
melting  pomt,  colour,  and  crystalline  form,  so  that  these  properties 
have  been  termed  constitutive.  The  third  group  of  properties  consists 
of  those  which  are  independent  of  the  nature,  number,  and  arrange- 
ment of  the  atoms  in  the  compound,  and  which  assume  the  same 
value  for  the  molecules  of  all  compounds,  no  matter  how  these  may 
be  constituted.  Examples  of  such  colligative  properties  are  the 
volume  occupied  by  gases  under  fixed  conditions  of  temperature  and 
of  pressure,  and  the  depression  of  the  freezing  point  of  solutions. 

Substances  that  are  prepared  in  the  course  of  a  chemical  in- 
vestigation can  only  be  identified  by  means  of  their  own  physical 
properties  or  by  those  of  other  substances  into  which  they  may  be 
transformed.  The  first  step  is  to  ascertain  the  composition  of  the 
compound  by  some  method  of  analysis;  here  advantage  is  taken  of 
the  additive  character  of  mass.  Next,  the  molecular  weight  is  deter- 
mined from  some  colligative  property,  for  example,  from  the  vapour 
density,  the  depression  of  the  freezing  point  or  elevation  of  the  boil- 
ing point  of  some  liquid  in  which  the  substance  is  dissolved.  The 
only  problem  which  remains  is  the  determination  of  the  arrangement 
of  the  atoms  within  the  molecule — that  is,  the  constitution.  As  a 
rule,  chemical  methods  are  resorted  to  for  the  strict  solution  of  this 
problem,  the  substance  being  transformed  into  some  other  of  known 
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constitution.  It  is  possible,  however,  to  make  nse  of  constitutive 
properties  for  tlie  same  purpose,  and  the  boiling  point,  the  melting 
point,  the  colour,  or  the  crystalline  form  of  the  compound  maj  afford 
valuable,  and  even  conclusive,  information. 

A  property  w^hlch  is  eminently  dependent  on  the  constitution,  easy 
of  accurate  measurement,  and  generally  applicable  to  the  large  class 
of  organic  acids,  has  of  late  years  been  brought  forward  by  the  theo- 
retical and  experimental  work  of  Ostwald.  This  is  the  electrical 
conductivity  of  acids  in  dilute  aqueous  solution. 

Arrhenius,  in  1884,  pointed  out  the  existence  of  a  remark9;ble  paral- 
lelism between  the  electrolytic  conductivity  of  acids,  and  their  affinity 
as  measured  by  any  of  the  ordinary  methods  of  chemical  dynamics. 
The  proportionality  of  the  two  properties  is  fully  accounted  for  by 
the  theory  of  electrolytic  dissociation.  According  to  this  theory 
(which  was  first  advanced  to  explain  the  phenomena  of  electrolytic 
conductivity  in  solutions),  salts,  acids,  and  bases,  when  dissolved  in 
water,  are  more  or  less  split  up  into  electrically  charged  molecules  or 
ions.  Hydrogen,  metals,  and  metallic  radicles  such  as  ammonium, 
NH4,  are  charged,  according  to  Faraday's  law,  with  positive  elec- 
tricity, whilst  hydroxyl  and  acid  radicles  are  similarly  charged  with 
negative  electricity.     Hydrogen  chloride,  for  example,  is  supposed  to 

+  - 

exist  in  dilute  solution  almost  entirely  as  charged  ions,  H  and  CI ;  the 

charged  hydrogen  atoms  being  independent  of  the  charged  chlorine 
atoms,  except  in  so  far  as  the  electrical  charges  prevent  the  concen- 
tration by  mechanical  means  of  any  one  kind  of  atom  in  a  particular 
portion  of  the  solution.  Now,  acids  in  aqueous  solution  are  supposed 
to  act  as  acids  solely  in  virtue  of  the  hydrogen  ions  they  produce,  and 
the  more  hydrogen  ions  a  given  quantity  of  acid  (reckoned  in 
equivalents)  will  produce,  the  stronger  is  that  acid.  But  the 
hydrogen  ions,  besides  their  chemical  activity,  have  also  the  power  ot 
carrying  electricity,  and  the  more  there  are  present  in  a  solution,  the 
more  electricity  will  be  conveyed,  that  is,  the  greater  will  be  the 
conductivity  of  the  solution.  In  this  way,  it  may  be  seen  how  the 
affinity,  or  strength,  of  an  acid  goes  hand  in  hand  with  its  electrical 
conductivity. 

Whilst  the  molecular  conductivity*  of  strong  acids  varies  little 
with  the  concentration  of  the  solution,  that  of  weak  acids  increases 
considerably  as  the  concentration  diminishes,  varying  approximately 
as  the  square  root  of   the  dilution,  or  the  number  of  litres  in  which 

*  The  molecular  conductivity  of  a  substance  in  a  given  solution  is  equal  to 
cvjr,  where  r  is  the  resistance  of  the  solution,  v  the  number  of  litres  in  which 
1  gram-molecule  of  the  acid  is  contained,  and  c  the  constant  of  the  electrolytic 
apparatus. 
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one  gram-molecular  weight  of  the  acid  is  contained.  Ostwald,  how- 
ever, by  the  consistent  use  of  the  theory  of  electrolytic  dissociation 
and  the  ordinary  chemical  law  of  mass  action,  arrived  at  an  expres- 
sion involving  the  conductivity,  which  is  independent  of  the  dilution 
at  which  the  measurement  is  made. 

From  his  investigations  of  the  conductivity  of  salts  and  strong 
acids  at  extreme  dilutions,  Kohlrausch  found  that  the  molecular  con- 
ductivities of  these  substances  reach  a  maximum  value  at  a  certain 
dilution,  and  thereafter  remain  constant,  although  the  dilution  is 
increased.  The  maximum  value  of  the  molecular  conductivity  for 
each  substance  is  composed  of  two  terms  :  one  depending  on  the 
.positive  ion,  the  other  on  the  negative  ion.  This  behaviour  is 
accounted  for  on  the  dissociation  theory  in  the  following  manner : — 
The  conductivity  of  a  solution  depends  only  on  the  number  and  the 
speed  of  the  ions  which  it  contains.  At  a  given  temperature  the 
speed,  in  dilute  solutions,  is  constant,  so  that  if  the  molecular  con- 
ductivity increases  with  the  dilution,  the  increase  can  only  be  on 
account  of  an  increase  in  the  number  of  the  ions,  that  is,  on  account 
of  the  increased  dissociation  of  the  dissolved  substance.  When  the 
molecular  conductivity  no  longer  increases  as  the  dilution  proceeds, 
but  remains  stationary,  this  is  due  to  the  dissolved  substance  being 
entirely  split  up  into  its  ions,  and  now  the  maximum  molecular  con- 
ductivity is  determined  solely  by  the  speed  of  the  ions.  The  numbers 
found  by  Kohlrausch  to  be  characteristic  of  each  ion  thus  represent 
the  velocities  of  the  ions,  and  the  molecular  conductivity  of  any 
substance,  when  it  is  entirely  dissociated,  may  be  numerically  stated 
as  the  sum  of  the  velocity-numbers  pertaining  to  its  ions.  It  is  only 
in  the  case  of  salts  and  of  powerful  acids  and  bases,  such  as  hydrogen 
chloride  and  potassium  hydroxide,  that  values  for  the  maximum 
molecular  cond activity  can  be  determined :  weak  acids  and  weak 
bases  give  values  which  still  increase  at  the  utmost  attainable  dilu- 
tions. Although,  therefore,  the  maximum  molecular  conductivities 
of  weak  acids  cannot  be  directly  determined,  it  is  yet  easy  to  assign 
values  to  them  by  making  use  of  the  considerations  mentioned  above. 

The  maximum  molecular  conductivity  of  the  sodium  salt  of  the 
weak  acid  may  be  determined  directly :  from  this  there  is  subtracted 
the  number  which  represents  the  speed  of  the  sodium  ion — the 
remainder  represents  the  speed  of  the  negative  ion  or  acid  radicle. 
This  remainder  added  to  the  number  which  gives  the  speed  of  the 
hydrogen  ion — found  from  observations  with  strong  acids  such  as 
hydrogen  chloride — famishes  the  molecular  conductivity  at  infinite 
dilution,  that  is,  the  maximum  conductivity.  Ostwald  (Zeit.physiJcal. 
Ghem.j  2,  840),  from  the  examination  of  a  great  number  of  sodium 
salts  of  various  acids,  has  been  able  to  state  certain  rules  connecting 
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the  composition  of  acid  radicles  and  their  velocities,  so  that  it  is  in 
general  unnecessary  to  observe  directlj'  the  molecular  condnctivity 
of  the  sodium  salt  of  an  acid  to  be  investigated,  the  speed  of  the 
negative  ion  being  ascertainable  with  sufficieut  accuracy  from  its 
composition. 

The  molecular  conductivity  of  an  acid  at  infinite  dilution  being 
thus  determined,  its  molecular  conductivity  at  any  other  dilution  can 
only  differ  from  this  in  virtue  of  there  being  relatively  fewer  ions 
in  the  solution  to  carry  the  electricity,  for  the  speed  of  the  ions  does 
not  vary,  and  each  ion  always  carries  the  same  charge.  It  is  thus 
evident  that  the  molecular  conductivity  is  proportional  to  the  amount 
of  electrolytic  dissociation,  and  the  ratio  of  the  molecular  conduc- 
tivity at  the  dilution  v  to  the  molecular  conductivity  at  infinite  dilu- 
tion, that  is,  the  ratio  ^=  rti,  gives  at  once  the  degree  of  dissociation, 

or  proportion  of  the  whole  dissolved  substance  which  is  dissociated. 

Now,  according  to  the  general  law  of  mass  action,  the  product  of 
the  active  masses  of  the  dissociated  ions  must  be  proportional  to  the 
active  mass  of  the  undissociated  acid.  Suppose  the  volume  in  which 
one  gram-molecule  of  a  monobasic  acid  is  contained  to  be  v,  then  the 
mass  of  the  acid  in  this  volume  is  represented  by  1.  Of  this,  the 
proportion  dissociated  is  m,  and  the  proportion  undissociated,  1  —  m. 
The  active  mass  of  each  product  of  dissociation  is  mjv,  and  of  the 

undissociated  acid, .     Therefore,  according  to  the  principle  of 

V 

mass  action  above  referred  to — 

nn  m  1  —  m 

V    V  -y      * 

where  A;  is  a  constant,  or 

(1  —  7n)v 

The  constant  k  is  the  dissociation  or  affinity  constant  of  Ostwald, 
and  is,  for  any  one  acid,  independent  of  the  dilution.  It  represents, 
numerically,  the  reciprocal  of  twice  the  dilution  at  which  the  acid 
is  half  dissociated.  As  its  value  in  the  units  adopted  is  inconveniently 
small,  a  constant  K,  100  times  greater,  is  usually  chosen  as  the 
affinity  constant. 

Ostwald  (Zeit.  physikal.  Chem.,  3,  170,  241,  369)  determined  this 
constant  for  over  240  acids,  and  since  his  fundamental  research  other 
investigators  have  been  at  work  on  the  same  subject.  The  principal 
papers  which  have  appeared  are  those  of  Bethmann  (Zeit.  physikal. 
Chem.,  5,  385)  ;  Bader  (ihid.,  6,  289)  ;  and  Walden  (ibid.,  8,  433). 
At  present  more  than  400  acids  have  been  studied  with  respect  to 
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this  affinity  constant,  and  many  interesting  relations  between  the 
values  of  the  constant  and  the  composition  and  constitution  of  the 
acids  have  been  discovered.  In  the  following  pages  are  collected 
the  results  of  a  few  more  observations,  which  partly  confirm  these 
relations,  and  partly  bring  new  regularities  to  light. 

The  method  of  measurement  adopted  was  precisely  that  described 
by  Ostwald  (Zeit.  physikal.  Chem.,  2,  561),  the  resistance  being  deter- 
mined by  means  of  a  Wheatstone  bridge  and  telephone.  The  tem- 
perature of  experiment  was  kept  constant  throughout  at  25°.  No 
special  precautions  were  taken  in  preparing  the  water  used  for 
making  and  diluting  the  solutions;  it  was  the  distilled  water  em- 
ployed for  general  laboratory  use. 

The  quality  of  the  Edinburgh  water  for  electrolytic  purposes  is 
excellent,  one  distillation  being  sufficient  to  give  a  liquid  the  con- 
ductivity of  which  compares  favourably  with  that  of  most  waters 
specially  prepared  for  the  purpose.  The  correction  for  the  conduc- 
tivity of  the  water  was  applied  according  to  the  method  suggested 
by  Arrhenius  (compare  Ostwald,  Zeit.  physikal.  Chem.,  2,  5<77),  and 
amounted,  on  the  average,  to  two  units  on  the  molecular  conductivity 
at  a  dilution  of  1000  litres. 

In  the  following  tables  the  letters  employed  have  the  significations 
noted  below  :— 

V  =  dilution  ;  that  is,  the  number  of  litres  of  solution  which  con- 
tain one  molecular  weight  of  the  acid  in  grams, 

/Up  =  the  molecular  conductivity  in  Siemens'  units  at  the  dilu- 
tion V, 

juL^:,  =  the  molecular  conductivity  at  infinite  dilution; 

m    =  the  degree  of  dissociation,  juvlj^ao  5 

k     =  the  dissociation  constant,  ; 

(1  —  m)v 

K    =  the  most  probable  value  of  lOOA;. 

PimelicAcid,  HOOC-CCKJ-COOH. 
/t„  =  351. 


V. 

n. 

lOOm. 

100^. 

47-3 

13-8 

3-94 

0-00342 

94-6 

19-4 

5-50 

0-00340 

189-0 

27-1 

7-72 

0-00342 

378-0 

37-6 

10-71 

0-00340 

756-0 

52-7 

15-02 

000351 

K  = 

=  0-00342. 

Walden  found  the  value  K  =  000345  for  a  preparation  from  the 
same  source. 
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Alkyl  Derivatives  of  Fimelic  Acid. 

I  am  indebted  to  Professor  W.  H.  Perkin,  jiin.,  for  the  following 
preparations  of  pimelic  acid  and  its  ww'-alkyl  derivatives.  They  were 
obtained  from  the  ethereal  salts  of  pentanetetracarboxylic  acid  and 
its  corresponding  substitution  products. 

Although  pimelic  acid  is  .bibasic,  it  behaves,  like  all  other  weak 
bibasic  acids,  precisely  as  a  monobasic  acid,  so  far  as  dissociation  in 
aqueous  solution   is  concerned.      The   ions  formed  are,  in  the  first 

place,  H  and  OOC'CCHsls-COOH,  not  H,  H,  and  OOC-[CH2]5-COO. 
The  hydrogen  atom  of  the  second  carboxyl  group  of  a  bibasic  acid 
does  not,  as  a  rule,  begin,  to  be  dissociated  until  about  half  of  the 
hydrogen  of  the  first  carboxyl  group  has  been  split  off.  It  may  be 
seen  from  the  table,  that  even  at  a  dilution  of  756  litres,  only  15  per 
cent,  of  the  first  carboxyl  hydrogen  has  been  split  off,  so  that  we  are 
still  far  from  the  limit  at  which  the  second  carboxyl  group  is 
attacked. 

ww'-Dimethylpimelic  Acid,  HOOC-CH(CH3)-[CH2]3-CH(CH3)-COOH. 

/^o.  =  350. 

V.  fi.  100m.  100^. 

128-0                    22-1  6-31  0-00332 

256-0                    31-3  8-94  0-00343 

512-0                    43-4  12-40  0-00339 

1024-0                    59-4  16-97  0-00339 

K  =  0-00339. 

wiv'-Diethylpimelic  Acid,  HOOC-CHEt-[CH2]3-CH:Et-COOH. 
jii^  =  350. 
V.  fi.  100m.  100^. 

155-0  24-6  7-03  0-00343 

310-0  34-5  9-86  0-00348 

620-0  47-7  13-d3  000347 

1240-0  64-8  18-52  0-00340 

K  =  0-00345. 

wto'.JDipropylpimelic  Acid,  H00C-CHPr-[CH.j3-CHPr-C00H. 

/^oo  =  350. 
V.  fi.  100m.  100/t. 

1114-0  60-6  17-3  0-0033 

2228-0  81-9  23-4  0-0032 

4456-0  109-2  31-2  0-0032 

K  =  0-0032. 


702  WALKER:   THE  DISSOCIATION  CONSTANTS 

Owing  to  the  very  sparing  solubility  of  this  acid  in  water  at  25°, 
the  dilutions  at  which  the  measurements  were  obtained  are  very 
great,  which  somewhat  impairs  the  accuracy  of  the  results ;  the  con- 
ductivity of  the  water  employed  bearing  a  large  proportion  to  the 
total  conductivity,  and  the  apparatus  being  less  sensitive  with  great 
resistances.  Another  determination  confirmed  the  numbers  given 
above,  the  result  being  K  =  0-0031. 

ivw'-niisopro^ylpimeUc  Acid,  HOOC-CHPr'*-[CH2]8-CHPr«-COOH. 

n^  =  350. 


V. 

/i. 

lOOm. 

loo;?;. 

237-0 

29-2 

8-34 

0-00320 

474-0 

40-2 

11-5 

0-00315 

948-0 

56-0 

16-0 

0-00321 

1896-0 

77-3 

22-10 

0-00330 

K  = 

=  0-0032. 

c^uj'.mhenzylpimeUc  Acid,  HOOC-CHCC^HO'LCH^la-CHCCvHO-COOH. 

y-oo  =  350. 
V.  fi.  100m.  100^. 

2200-0  96-9  27-7  0-0048 

4400-0  126-5  36-2  0-0047 

K  =  0-0048. 

The  value  for  the  dibenzyl  derivative  is  again  somewhat  doubtful, 
on  account  of  the  extremely  slight  solubility  of  fche  acid. 

The  following  table  contains  the  results  obtained  for  the  foregoing 
acids : — 

Acid.  K. 

Pimelic 0-00342 

Dimethylpimelic 0-00339 

Diethylpimelic 0*00345 

Dipropylpimelic 0-0032 

Diisopropylpimelic 0-0032 

Dibenzylpimelic 0*0048 

As  a  rule,  the  introduction  of  alkyl  groups  into  a  bibasic  acid, 
increases  the  constant  of  the  acid,  and  this  is  notably  the  case  with 
succinic  acid  ;  but  when  the  carboxyl  groups  are  separated  by  a 
number  of  carbon  atoms  the  effect  of  the  introduction  of  an  alkyl 
group  is  much  diminished.  Thus,  Walden  (loc.  cit.,  p.  488)  found 
values  for  the  alkyl-substituted  glutaric  acids  which  varied  from 
0-0052  to  0-0059,  the  value  for  glutaric  acid  itself  being  0-00475 
(Ostwald).     Much  the  same  behaviour  characterises  the  substituted 


OF    ORGANIC   ACIDS.  703 

pimelic  acids ;  the  values  of  the  dissociation  constants  approximate 
closely  to  that  of  the  parent  acid,  with  the  doubtful  exception  of 
dibenzylpimelic  acid.  The  radicle  benzyl,  however,  is,  in  general, 
much  more  acid  in  its  nature  than  the  radicles  of  the  saturated 
alcohols  of  the  fatty  series,  that  is,  its  introduction  into  the  molecule 
in  general  augments  the  dissociation  constant  of  an  acid  in  a  greater 
degree  than  methyl,  ethyl,  &c.  It  should  be  noted  that  all  the 
<ow'-disubstituted    pimelic    acids   contain   two    similar   asymmetrical 

R    H    H    H    R 

carbon  atoms,  thus  :  HOOC— C— C— C— C— (7— COOH,  and  ought, 

I       I       I       I       I 
H    H    H    H    H 

therefore,  according  to  Van't  Hoff's  theory,  to  exist  in  two  inactive 
isomeric  modifications,  corresponding  to  mesotartaric  and  racemic 
acids.  It  is  thus  possible  that  the  acid  measured  may  not  be 
homogeneous,  but  may  consist  of  a  mixture  of  the  two  isomerides ;  in 
this  case,  however,  the  pairs  of  isomeric  acids  must  have  approxi- 
mately equal  dissociation  constants,  for  otherwise  the  numbers 
obtained  would  vary  considerably  with  the  dilution,  which  is  con- 
trary to  experiment. 

Dimethyl-  and  diethyl-pentanetetracarboxylic  acids  are  those  from 
which  the  dimethyl-  and  diethyl-pimelic  acids  were  prepared  by  the 
removal  of  carbonic  anhydride. 

These  acids  each  contain  two  pairs  of  carboxyl  groups  united  to 
the  same  carbon  atom.  Such  close  proximity  of  carboxyl  groups 
greatly  increases  the  strength  of  an  acid ;  thus,  whilst  acetic  acid  has 
the  constant  K  =  0*00180,  the  constant  of  malonic  acid  is  0*163 
(Walden).  We  consequently  find  that  the  constants  of  dimethyl-  and 
•diethyl-pentanetetracarboxylic  acids  (p.  704)  are  many  times  greater 
than  those  of  the  corresponding  pimelic  acids,  the  ratios  being  respect- 
ively 100  :  1  and  600  :  1.  The  ratio  between  the  constants  of  malonic 
and  acetic  acids  is  90  :  1.  Dimethylpentanetetracarboxylic  acid,  K  = 
0*37,  may  be  compared  to  dimethylmalonic  acid,  K  =  0*076,  and 
diethylpentanecarboxylic  acid,  K  =  2*1,  to  diethylmalonic  acid, 
K  =  0*74.  The  ratios  between  the  corresponding  constants  are 
about  5  :  1  in  the  one  case  and  3  :  1  in  the  other,  being  thus  of  the 
same  order. 

The  fact  of  the  tetracarboxylic  acids  having  four  hydrogen  atoms 
which  may  be  split  off  electrolytically,  does  not  affect  the  nature  of 
the  constant  directly.  The  value  obtained  is  the  constant  for  the  first 
hydrogen  atom  which  is  dissociated.  From  the  close  proximity  of  the 
•carboxyl  groups,  however,  the  constant  is  large  from  the  beginning, 
that  is,  the  first  hydrogen  atom  is  considerably  dissociated  even  at 
small  dilutions,  so  that  at  moderate  dilations  a  second  hydrogen  atom 
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Dimethylpentanetetracarhoxylic  Acidj 
2QQC>  CMe-CH,-CH,-CH,.CMe<^ggg 


J^cc 


=  350. 


•. 

A*« 

lOOin. 

ico;^. 

17-18 

77-6 

22-2 

0-37 

34-36 

106-0 

30-3 

0-38 

68-7 

142-4 

40-7 

0-40 

137-4 

187-7 

53-6 

0-45 

275-0 

240-5 
K  = 

0-37 

68-7 

0-55 

JDietliylpentanetetracarhoxylic  A cid, 
HOOC^^pT^,  P,TT  .pTT  .riTi  .PTTf  .^^^^-^ 

«oo  =  350. 


*v. 

/*• 

lOOm. 

100^. 

11-3 

120-4 

34-4 

2-3 

22-6 

163-0 

46-6 

2-1 

45-2 

2140 

61-3 

2-0 

90-4 

271-0 

77-4 

2-2 

180-8 

334-0 

(95-4 

6-5) 

361-6 

402-0 

— 

— 

7230 

468-0 

— 

— 

1446-0  5110  —  — 

K  =  21. 

begins  to  dissociate,  with  a  corresponding  increase  of  the  constant. 
Thus  in  the  case  of  the  dimethyl  acid,  after  over  40  per  cent,  of  the 
first  hydrogen  has  been  dissociated,  the  constant  rapidly  rises.  The 
rise  does  not  take  place  with  the  diethyl  acid  until  over  70  per  cent, 
of  the  first  hydrogen  is  split  off,  but  then  the  change  is  very  sudden, 
the  value  leaping  from  2-2  to  6*5. 

Polymethylenecarboxylic  Acids. 

Professor  Perkin  kindly  furnished  me  with  a  few  carboxyl  deriva- 
tives of  the  poly  methylenes,  in  order  that  they  might  be  compared 
with  the  corresponding  acids  of  the  saturated  series. 
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TetramethylenemonocarhoxyliG  Acid,   \^  X, rr^ r^r^r\Tr  ' 

yttao    =    356. 

V.                        fi.                       100m.  100k. 

14-5                5-69                1-60  000179 

29-0                808                2-27  0*00182 

580              11-44                3-21  0-00184 

1160              1603                4-50  0-00183 

232-0              22-4                  6-29  0-00182 

464-0              31-2                  8-77  0-00182 

928-0              43-3                12-16  0-00180 

K  =  0-00182. 

OL-Tetramefhylenedicarhoxylic  Acid,   i     ^  i     ^COOH 


<-±i2  ^  <coOH- 


yWoo 

=  353. 

V. 

fl. 

lOOm. 

ioo;s:. 

16-5 

39-0 

11-05 

0-0833 

380 

53-8 

15-25 

0-0832 

66-0 

73-7 

20-9 

0-0835 

132-0 

99-4 

28-2 

0-0837 

264-0 

131-5 

37-3 

0-0838 

528-0 

168-7 

47-8 

0-0829 

10560 

215-2 

59-5 

0-0828 

K  = 

:  0-0833. 

The  constant  of  tetramethylenemonocarboxylic  acid,  C4H7*COOH, 
K  =  0-00182,  is  not  far  removed  from  that  of  valeric  acid,  C4H9-COOH, 
K  =  0-00161  (Ostwald)  ;  so  that  the  loss  of  two  hydrogen  atoms  with 
simultaneous  formation  of  a  closed  chain  does  not  seem  to  affect  the 
dissociation  constant  greatly.  The  constants  of  the  unsaturated  acids 
having  the  formula  CiHv-COOH  are  :  tiglic  acid,  K  =  0-000957,  and 
angelic  acid,  K  =  0-00501. 

a-Tetramethylenedicarboxylic  acid,  C4H6(COOH)2,  as  a  derivative 
of  malonic  acid  (K  =  0-163),  has  a  constant  (K  =  0083)  somewhat 
smaller  than  might  have  been  expected.  The  constants  for  the 
corresponding  saturated  and  unsaturated  malonic  acid  derivatives 
are: — 

K 
Propylmalonic  acid  ....")  f  0*112 

Isopropylraalonic  acid  . .    ^C4H«(COOH)2. .  . .  <  0127 
EthylmethylmalonicacidJ  LO-164 

Allylmalonic  acid,  CiHeCCOOH),   0*154 
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all  of  which  are  considerably  higher  than  that  of  the  tetramethylene 
derivative. 

.       ,.     .   .7  ..TT  ^CH^-CH-COOH 
fi.Pentamethylenedtcarboxyhc  Acid,  01l2<         .pH'rOOH* 


/too 

=  352. 

V. 

IX. 

lOOw. 

100^. 

7075 

31-3 

8-90 

0-0121 

141-5 

42-9 

12-2 

0-0120 

283-0 

58-5 

16-6 

0-0117 

566-0 

79-9 

22-7 

0-0118 

1132-0 

109-1 

31-0 

0-0123 

K  = 

=  0-0120. 

This  acid  may  be  looked  on  as  a  derivative  of  succinic  acid 
'(K  =  0-0068).  Its  constant  (K  =  0-0120)  approximates  closely  to 
that  of  the  isomeric  allylsuccinic  acid,  K  =  0'0109.  The  corre- 
sponding saturated  compounds  have  the  following  constants : — 

K. 

Propylsuccinic  acid 0-0089 

Isopropylsuccinic  acid ,      0-0075 

Paramethylethylsuccinic  acid  .  . .      0-0207 
Mesomethylethylsuccinic  acid. . .      0-0201 

Hexamethylenetetracarhoxylic  Acid  [1:1:3:3], 


H2 

C 

H2C^^C(COOH)2 

H^cl      JcH2 

c 

(C00H)2 

/too  =  350. 

V, 

IX.                     100m. 

100^. 

21-25 

52-1                14-9 

0-123 

42-5 

72-6               20-7 

0-128 

85-0 

99-3                28-4 

0132 

170-0 

133-5                38-1 

0-138 

340-0 

175-7                60-2 

0-149 

680-0 

228-6                65-1 
K  =  0-12. 

0-177 

It  is  somewhat  singular  that  the  constant  of  this  acid,  which  con- 
tains four  carboxyl  groups  arranged  so  that  it  may  be  regarded  as 
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derived  from  two  molecules  of  malonic  acid,  should  be  lower  than  that 
of  mialonic  acid,  itself  (K  =  0'16).  The  table  shows  a  steady  increase 
of  the  constant  with  increasing  dilution.  This  may  be  due  either  to  the 
early  dissociation  of  a  second  carboxyl  hydrogen  atom,  or  to  the  acid 
not  being  perfectly  pure. 

Trihasic  Acids. 

As  no  tribasic  acids  have  hitherto  been  investigated  with  respect  to 
their  dissociation  constants,  I  have  examined  the  three  simplest  re- 
presentatives of  the  group.  For  the  specimen  of  tricarballylic  acid  T 
have  again  to  thank  Professor  Perkin. 


CH2.COOH 

TricarhalhjUc  Acid,  CH-COOH 

Cm-COOH 


^00 

=  352. 

V. 

/*. 

lOOm, 

100^. 

16-7 

20-7 

5-87 

0-0220 

33-4 

29-1 

8-26 

0-0223 

66-8 

40-4 

11-47 

0-0222 

133-6 

55-6 

15-80 

0-0222 

267-0 

76-2 

21-64 

0-0224 

534-0 

103-0 

29-26 

0-0227 

1068-0 

135-8 

38-59 

0-0226 

K  = 

0-0224. 

CH-COOH 
Z,  C-COOH     . 

Aconitic  Acic 

CHo-COOH 

/too 

=  353. 

V, 

fl. 

IQOm, 

100^. 

281 

67-0 

19-0 

0-158 

56-2 

90-9 

25-7 

0-158 

112-4 

120-5 

34-1 

0-157 

224-8 

156-0 

44-2 

0-156 

449-6 

198-0 

66-1 

0-159 

899-2 

249-0 

70-5 

0-187 

K  = 

:  0-158. 

VOL.  LXI. 
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CH2-C00H 
Citric  Acid,  C(OH)-COOH 
CH2-C00H 


/*»  =  352. 


1517 
30-35 


36-5 
50-7 


lOOm. 

10-38 
14-40 


100^. 

0-0793 
0-0800 


60-7 

69-4 

19-7 

0-0798 

121-4 

94-2 

26-7 

0-0804 

243-0 

124-6 

35-4 

0-0798 

486-0 

162-0 

46-0 

0-0807 

972-0 

205-6 

58-5 

0-0850 

944-0 

254-5 

72-3 

0-0971 

• 

K  = 

=  0-0800. 

Tricarballylic,  citric,  and  aconitic  acids  bear  the  same  relation  to 
each  other,  with  respect  to  their  constitution,  as  do  succinic,  malic,  and 
fumaric  (or  maleic)  acids.  We  should  consequently  expect  a  parallel- 
ism in  the  values  of  the  dissociation  constants  of  the  three  series. 
The  following  table  shows  that  this  parallelism  actually  exists  : — 


Acid.  K. 

Succinic. .    0-0068 

Malic 0-0395 

Fumaric 0*093 

Maleic 1-17 


Acid.  K. 

Tricarballylic 0*0224 

Citric 0-0800 

Aconite    0-158 


First  in  point  of  strength  come  the  unsaturated  atiids,  next,  the 
hydrogen  acids,  and  lastly,  the  saturated  parent  acids. 

Corresponding  with  the  greater  number  of  carboxyl  groups  in  the 
tribasic  acids,  the  constants  are  greater  than  those  of  the  bibasic 
acids. 

The  dissociation  of  th«  second  hydrogen  atom  begins  when  the 
degree  of  dissociation  of  the  first  is  56  per  cent,  in  the  case  of  aconitic 
acid,  and  46  per  cent,  in  the  case  of  citric  acid. 


Alkyl  Hydrogen  Salts  of  Bibasic  Acids. 

Very  few  of  the  alkyl  hydrogen  salts  of  bibasic  organic  acids  have 
hitherto  been  prepared  in  the  pure  state.  This  is  partly  owing  to  the 
difficulty  of  obtaining  them  free  from  admixture  of  the  dihydrogen 
and  the  dialkyl  salts,  and  partly  to  the  want  of  interest  attaching 
to  them.      Now,  however,  that  the  alkyl  potassium   salts  form  the 
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starting  point  for  tlie  electrolytic  synthesis  of  bibasic  acids  (Crnm 
Brown  and  Walker,  Annalen,  261,  107),  the  properties  of  the  acid 
ethereal  salts  from  which  these  potassium  salts  are  derived  have  be- 
come of  greater  importance.  Most  of  the  alkyl  hydrogen  salts  hitherto 
•obtained  have  merely  occurred  as  secondary  products  in  the  prepar- 
ation of  the  dialkyl  salts  by  direct  etherification  of  the  bibasic  acids, 
although  one  or  two  have  been  prepared  in  other  ways. 

There  are  two  methods,  one  general  and  one  special,  by  which  the 
alkyl  hydrogen  salts  may  be  prepared.  The  general  method  is  the 
half  saponification  of  the  corresponding  dialkyl  salt;  the  special  method 
is  the  direct  addition  of  an  alcohol  to  the  anhydride  of  the  bibasic 
acid,  if  it  should  form  one. 

If  proper  precautions  are  taken,  the  method  of  half  saponification 
seems  universally  applicable.  The  saponification  is  effected  by  means  of 
alcoholic  solution  of  potash.  In  preparing  ethyl  potassium  succinate,  for 
example,  1  mol.  of  diethyl  succinate  is  dissolved  in  three  or  four  times 
its  volume  of  alcohol,  and  to  the  solution,  1  mol.  of  potassium  hydr- 
oxide also  dissolved  in  alcohol  is  gradually  added.  The  reaction  takes 
place  according  to  the  equation 

EtOOCCH2-CH2-COOEt  +  KOH  =  EtOOC-CHs-CHs-COOK  + 

EtOH. 

A  portion  of  the  ethyl  potassium  salt  begins  to  separate  out  at  once. 
Aft^r  standing  over  night,  the  semi-solid  mass  is  allowed  to  digest  for 
some  time  at  a  moderate  heat,  and  then  the  alcohol  is  distilled  off. 
The  residue  is  treated  with  water,  which  dissolves  the  potassium 
ethyl  salt,  whilst  a  layer  of  unattacked  dialkyl  salt  floats  to  the  top 
of  the  aqueous  solution.  The  ethereal  salt  is  removed  by  shaking  up 
with  ether,  and  separating.  In  the  aqueous  solution  there  is,  besides 
the  ethyl  potassium  salt,  a  small  quantity  of  the  dipotassium  salt. 
The  separation  of  these  substances  from  each  other  may  be  effected  in 
two  ways.  First,  advantage  may  be  taken  of  the  relatively  great 
solubility  of  the  ethyl  potassium  salts  of  bibasic  acids  in  absolute 
alcohol,  the  dipotassium  salts  being  practically  insoluble  in  this 
medium.  Or,  second,  the  separation  may  be  effected  by  converting 
the  potassium  salts  into  the  barium  salts ;  the  ethyl  barium  salts  are 
for  the  most  part  easily  soluble  in  water,  whilst  the  normal  barium 
salts  are  only  very  slightly  soluble.  If  the  first  method  is  adopted,  the 
dry  potassium  salts  are  treated  with  boiling  alcohol  in  a  fat-extraction 
apparatus.  The  alcoholic  solution  of  the  ethyl  potassium  salt  is 
evaporated  to  dryness,  the  residue  then  dissolved  in  water,  acidified, 
and  the  acid  extracted  with  ether.  The  ethereal  solution  is  washed 
with  a  little  water  and  the  ether  distilled  off.  Practically  pure  ethyl 
hydrogen  succinate  remains. 

3  D  2 


710  WALKER:   THE  DISSOCIATION   CONSTANTS 

Should  the  purification  by  means  of  the  barium  salts  be  preferred, 
the  neutral  solution  of  the  potassium  salts  is  treated  with  barium 
chloride,  which  precipitates  almost  all  the  normal  barium  salt,  and 
leaves  the  barium  ethyl  salt  in  solution.  Or  the  crude  acid  may  be 
liberated  from  the  potassium  salt,  and  boiled  with  water  and  barium 
carbonate  until  the  solution  is  neutral.  The  filtrate  in  both  cases  is 
treated  with  acid  and  extracted  with  ether,  as  in  the  alcohol  method 
of  separation.  If  a  perfectly  pure  product  is  wanted,  it  is  often 
advisable  to  apply  the  two  methods  of  purification  in  succession. 

In  some  cases,  the  method  of  half- saponification  as  above  described 
does  not  yield  a  satisfactory  result.  For  example,  the  diethyl  salts 
of  dialkylmalonic  acids,  when  treated  in  this  way,  give  scarcely  any 
ethyl  potassium  salt,  half  of  the  diethyl  salt  being  fully  saponified, 
whilst  the  other  half  remains  untouched.  With  such  substances  it 
is  necessary  to  carry  out  the  saponification  in  several  stages.  The 
dialkyl  salt  is  dissolved  in  at  least  20  times  its  weight  of  alcohol  not 
quite 'absolute — about  95  per  cent.  This  solution  is  cooled  to  0°,  and 
to  it  is  added  a  dilute  alcoholic  solution  of  caustic  potash,  also  at  0°. 
The  quantity  of  potash  taken  should  not  exceed  one-fourth  of  the 
quantity  necessary  for  half  saponification  of  the  dialkyl  salt.  No  pre- 
cipitate should  separate  out  on  standing  or  on  subsequent  boiling. 
The  alcohol  is  distilled  off,  and  may  be  used  for  dissolving  the  dialkyl 
salt  recovered.  The  residue  is  treated  with  water,  the  ethereal  layer 
removed,  and  the  aqueous  solution  worked  up  as  before.  The  ethyl 
potassium  salts  obtained  directly  in  this  way  are  very  nearly  pure. 

Acids,  such  as' maleic  acid  or  phthalic  acid,  of  which  the  anhydr- 
ides are  easily  obtainable,  may  be  readily  converted  into  ethyl  hydro- 
gen salts  by  boiling  the  anhydride  for  about  half  an  hour  with  a  con- 
siderable excess  of  ethyl  alcohol.  Direct  addition  takes  place  accord- 
ing to  the  following  equation : — 

ll"<^g>0  +  EtOH  =  B"<gg:g^*. 

The  purification  may  be  effected  by  any  of  the  methods  previously 
described. 

The  ethyl  hydrogen  salts  of  bibasic  acids  resemble  very  much  in 
their  behaviour  the  monobasic  acids  from  which  they  may  be  sup- 
posed to  be  derived  by  the  substitution  of  the  group  COOEt  for  an 
atom  of  hydrogen.  The  lower  members  of  the  series  are  liquid  at 
the  ordinary  temperature,  and  have  a  pleasant  acid  smell  when  hot. 
They  may  be  distilled  under  reduced  pressure  with  little  or  no  decom- 
position. Their  solubility  in  cold  water  is  in  general  much  the  same 
as  that  of  the  dihydrogen  salt  from  which  they  are  produced.  In 
alcohol  and  in  ether  they  are  easily  soluble.     Their  alkaline  salts  are 
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very  soluble  in  water  (1  part  of  wKich  dissolves  from  2  to  4  parts  of 
salt),  and  are  also  moderately  soluble  in  alcohol.  These  salts  may  be 
precipitated  from  alcoholic  solution  by  the  addition  of  ether,  and, 
when  obtained  in  this  way,  are  sometimes  liquid,  although  they 
usually  solidify  on  standing.  The  calcium  and  barium  salts  are  fairly 
soluble  in  water,  the  degree  of  solubility  corresponding  roughly  to 
that  of  the  salts  of  the  monobasic  acids  from  which  they  are  derived. 

The  alkaline  salts,  when  boiled  for  a  long  time  with  water,  suffer 
partial  decomposition  into  the  di-metallic  salt  and  the  diethyl  salt. 
The  amount  of  decomposition  differs  in  the  various  cases,  but  is  never 
very  great,  so  that  in  general  an  aqueous  solution  of  the  salt  may  be 
evaporated  to  dryness  without  any  considerable  loss. 

The  methyl  hydrogen  salts  resemble  the  ethyl  hydrogen  salts  in 
every  particular,  the  chief  difference  being  that  they  crystallise  more 
easily  and  melt  at  a  higher  temperature. 

As  the  chief  impurity  to  be  feared  in  the  substances  examined  as 
to  their  electrical  conductivity  was  the  corresponding  dihydrogen 
salt,  a  weighed  quantity  of  the  alkyl  hydrogen  compound  was  always 
titrated  with  a  standard  solution  of  baryta  (phenolphthalein  being 
used  as  indicator),  in  order  to  test  its  freedom  from  the  bibasic  acid. 
The  strengths  of  the  solutions  employed  were  also  determined  by 
titration. 

Ethyl  Hydrogen  Malonate,  EtOOC-CH2-COOH. 

yM,^  =  356. 

V.                            /i.                        100m.  100^. 

8-57                  21-5                  6-04  0'0454 

17-14                  30-3                  8-52  0-0464 

34-28                  41-9                  11-8  0-0458 

68-56                  57-3                  16-1  0-0451 

137-1                    77-9                  21-9  0-0447 

274-2                  1041                  29-3  00441 

K  =  0-0451. 

Ethyl  Hydrogen  Succinate,  EtOOC-CHa'CHs-COOH. 

/ttoo  =  352. 


V. 

/*• 

lOOm. 

lOOAr. 

18-2 

813 

2-31 

0-00300 

36-4 

11-50 

3-27 

0-00303 

72-8 

16-20 

4-60 

0-00304 

145-6 

22-7 

6-45 

0-00304 

291-0 

31-3 

8-90 

0-00299 

582-0 

43-5 

12-36 

0-00300 

K  = 

0-00302. 
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JiJthyl  Hydrogen  hosuccinate,  EfcOOC-CHMe'COOH. 
/*.  =  352. 


V. 

A*- 

lOOm. 

130/c:. 

17-0 

27-6 

7-83 

0-0390 

84-0 

38-3 

10-88 

0-0390 

68-0 

52-6 

14-95 

0-0391 

1360 

72-0 

20-4 

0-0387 

272-0 

97-1 

27-6 

0-0387 

544-0 

127-8 

36-3 

0-0381 

K  = 

=  0-0387 

Ethyl  Hydrogen  Bimethylmalonate,  EtOOC-CMea'COOH. 

/xoo  =  352. 

V.                                III.                           100m.  100^. 

44-0                    38-9                  11-05  00312 

88-0                    53-6                  15-22  0-0310 

176-0                    72-5                  20-6  0-0304 

352-0                    96-5                  27-4  0-0294 

704-0                  128-1                  36-4  0-0296 

1408-0                  167-5                  47-6  0-0307 

K  =  0-0304. 

Ethyl  Hydrogen  Ethylmalonate,  EtOOC-CHEf  COOH. 

/^„  =  352. 

V.                      pi.                 100m.  ioo;t. 

33-75                  39-5                  11-04  0-0405 

67-5                    63-6                  15-22  0-0405 

135-0                    72-9                  20-7  0*0400 

270-0                    97-9                  27-8  0-0397 

540-0                  129-9                  36-9  0-0400 

1080-0                  167-9                  47-7  0-0402 

K  =  0-0401. 

Ethyl  Hydrogen  Adipate,  EtOOC'CHs-CHa-CHg-OHs-COOH. 
.     /*oo  =  351. 

V.                               ft.                             100m.  lOO;?:. 

93-0                    17-3                    4-93  0-0027 

186-0                    23-7                    6-75  0-0026 

372-0                    32-1                    9-15  0-0025 

744-0                    43-0                  12-25  0-0023 

1488-0                    57-1                  16-27  0-0021 

K  .=  0-0025  (?). 


OF  ORGANIC  ACIDS.  713 

I  did  not  succeed  in  obtaining  ethyl  hydrogen  adipate  entirely  free 
from  impurity,  which  accounts  for  the  continual  fall  in  tlie  value 
oih. 


Uthyl  Hydrogen  DietJiylmalonate,  EtOOC-CEta'COOH. 

■   /^^  =  351. 

^-  •  fi.  loom.  ioo;t. 

36-5  30-9                    8-83  0-0235 

73-0  427  12-2  0-0233 

146-0  58-7*  16-8  0-0231 

292-0  79-9  22-8  0-0231 

584-0  106-8  30-5  0-0230 

1168-0  140-0  40-0  0-0228 

K  =  0-0231. 

Mhyl  Hyd/rogen  Suherate,  EtOOC-[CH2]6-COOH. 

This  substance  when  pure  is  an  oil  which  solidifies  at  low  tempera- 
tures to  a  mass  of  colourless  crystals  melting  at  18°. 


/"c« 

=  351. 

V. 

fi. 

100m. 

100^. 

74-5 

11-5 

3-28 

0-00148 

149-0 

16-0 

4-57 

0-00146 

298-0 

22-3  . 

6-35 

0-00145 

596-0 

81-3 

8-92 

0-00147 

1192-0 

43-3 

12-34 

0-00146 

K  = 

0-00146, 

Ethyl  Hydrogen  Sehate,  EtOOO'CCHsJa-COOH. 

Rowney  (/.  Chem.  Soc,  4,  334)  noticed  that  this  substance  was 
formed  in  the  preparation  of  diethyl  sebate  from  sebacic  acid,  but 
was  unable  to  isolate  it.  'N'eison  (ibid.,  29,  219)  obtained  it  in  the 
same  way,  but  states  that  he  could  not  purify  it  on  account  of  the 
readiness  with  which  it  and  its  salts  split  up  into  the  diethyl  ether 
and  the  acid  or  normal  salt  of  the  acid.  The  substance  he  obtained 
was  an  oil  which  crystallised  at  10°  in  snow-white  needles.  It  is 
true  that  ethyl  hydrogen  sebate  and  its  alk;aline  salts  do  decompose  to 
some  extent,  as  Neison  states,  but  not  more  so  than  the  corresponding 
compounds  of  other  bibasic  acids,  and  it  is  a  matter  of  no  great 
diflSculty  to  obtain  the  ethyl  hydrogen  salt  practically  pure.  The 
melting  point  of  the  pure  substance  is  38°. 
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iSOUlATlON    (JUNi 

=  350. 

5TAJNTS 

V, 

/i. 

100m. 

100^. 

483-0 

28-1 

8-03 

0-00144 

966-0 

38-8 

11-08 

0-00143 

1932-0 

53-6 

15-31 

0-00143 

' 

K  = 

000143. 

EtOOC.C-H 

Ethyl  Hydrogen  Fumarate,  TT-r^POOTT 


y^oo 

=  354. 

V. 

/i. 

lOGm, 

lOOJc. 

22-0 

34-5 

9-76 

0-0480 

44-0 

47-7 

13-5 

0-0477 

88-0 

65-3 

18-4 

0-0474 

176-0 

88-0 

24-9 

0-0468 

3520 

117-3 

33-1 

0-0468 

704-0 

153'2 

43-3 

0-0469 

K  = 

:  0-0473. 

^  T   7  XT-  7  ...         EtOOO-C-H 

mjiijl  Hydrogen  Maleate,  jjqqq.IJ.jj* 

fi^  =  354. 


V. 

fi. 

IGOm. 

ioo;t. 

51-0 

74-9 

21-1 

0-111 

102-0 

100-3 

28-3 

0-110 

204-0 

132-2 

37-3 

0-109 

408-0 

170-7 

48-2 

0-110 

816-0 

212-0 

59-9 

0-110 

K  = 

=  0-110. 

I  am  indebted  to  Dr.  J.  Shields  for  the  specimens  of  the  two  fore- 
going unsaturated  substances,  which  he  has  described  in  Trans.,  1891, 
59,  736. 

OCOOEt 
COOH 
/t  =  352. 


V. 

fi. 

lOOm. 

lOO^fc. 

120-0 

79-9 

22-7 

0-0555 

240-0 

107-0 

30-4 

0-0553 

480-0 

140-0 

39-8 

0-0556 

960-0 

179-0 

60-8 

0-0548 

1920-0 

221-0 

62-8 

0-0540 

K  = 

=  0-0551. 

r 
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The  following  table  embodies  the  results  obtained  for  the  ethyl 
hydrogen  salts,  and,  for  the  sake  of  comparison,  the  constants  of 
the  corresponding  dihydrogen  salts  have  been  added : — 


Acid. 

Dihydrogen 
salt. 
K. 

Ethyl  hydrogen 
salt. 
K. 

Ratio. 

Malonic 

0-163 
0  -0068 
0  -00365 
0  -00296 
0 -00276 
0-086 
0-127 
0-076 
0-74 
0-093 
1-17 
0-121 

0  -0451 
0  -00302 
0-0025(?) 
0-00146 
0  -00143 
0  -0387 
0  -0401 
0  -0304 
0-0231 
0  0473 
0-110 
0  -0551 

3-6  •  1 

Succinic 

2-3 
1-3 
2-0 
1-9 
2-2 
3-2 
2-5 

320 
20 

10-6 
2-2 

Adipic    

Suberic 

Sebacic 

Methylmalonic 

Ethylmalonic 

Dimethylmalonic 

Diethylmalonic 

Fumaric 

Maleic. 

Phthalic 

It  is  evident  from  the  table  that  the  constant  of  the  dihydrogen 
salts  is  in  general  from  2  to  2-5  times  as  great  as  the  constant  of 
the  corresponding  ethyl  hydrogen  salts.  The  only  exceptions  to  this 
rule  are  formed  by  the  bibasic  acids,  the  constants  of  which  are 
very  high,  greater  than  O'l. 

The  bibasic  acids  are  always  stronger  than  the  monobasic  acid 
from  which  they  are  derived  by  the  substitution  of  the  group  carb- 
oxyl  for  a  hydrogen  atom.  This  is  owing  to  the  efi'ect  of  one 
carboxyl  group  on  the  other.  Carboxyl,  in  virtue  of  its  acid 
character,  increases  the  dissociation  of  the  hydrogen  of  a  carboxyl 
group  contained  in  the  same  molecule  as  itself,  and  this  increase 
of  the  dissociation  is  the  greater  the  more  nearly  the  carboxyl 
groups  occur  together  in  the  molecule.  For  example,  the  constant 
of  succinic  acid  is  0'0068,  whilst  that  of  the  isomeric  methylmalonic 
acid  is  0*086,  more  than  12  times  as  great.  In  the  first  case, 
the  carboxyl  groups  are  separated  by  two  carbon  atoms ;  in  the 
second  case,  they  are  both  attached  to  the  same  carbon  atom. 
Problems  of  geometrical  isomerism  may  be  attacked  with  some 
success  from  this  side.  The  fact  of  the  constant  of  maleic  acid 
being  more  than  12  times  greater  than  the  constant  of  fumaric 
acid  indicates  closer  approximation  of  the  carboxyl  group  in  the 
former  than  in  the  latter,  a  conclusion  which  corresponds  with  the 
ready  formation  of  maleic  anhydride.  The  influence  of  the  intro- 
duction of  various  alkyl  radicles  into  the  molecule  of  malonic  and 
succinic  acids  has  been  discussed  from  this  point  of  view  by  Beth- 
mann    {loc.  cit.)    and    by   Walden   {loc.   cit.).     One    carboxyl  group 
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greatly  affects  the  dissociation  of  another  when  the  two  are  close- 
together,  but  the  effect  diminishes  rapidly  as  the  distance  between  the 
two  increases.  The  same  thing  is  observed  in  the  case  of  the  carb- 
oxethyl  group,  only  the  limits  of  the  influence  are  much  narrower. 
The  group  carboxethyl  has  a  distinctly  acid  character,  but  the  effect 
of  its  introduction  into  an  acid  molecule  is  practically  nil  when 
it  is  far  removed  from  the  carboxyl  group.  Thus  the  constants  of 
ethyl  hydrogen  suberate  (K  =  0-00146)  and  sebate  (K  =  000143) 
are  nearly  the  same  as  those  of  high  members  of  the  series  of  satu- 
rated monobasic  acids,  for  example,  caproic  acid  (K  =  0*00145) . 
When  the  carboxethyl  and  carboxyl  groups  are  near  each  other  in 
the  molecule,  the  influence  is  much  more  marked ;  but  it  does  not 
amount  to  that  exercised  by  a  second  carboxyl  group,  nor  does  it 
seem  to  be  proportional  to  this.  The  want  of  proportionality  may  be 
accounted  for  either  directly  from  the  nature  of  the  influence  exerted 
by  the  different  groups,  or  it  may  be  that  the  substitution  of  the 
ethyl  group  for  a  hydrogen  atom  in  a  carboxyl  group  increases  the 
distance  between  this  group  and  a  second  carboxyl  to  which  it  was 
closely  neighboured.  The  ratio  between  the  greatest  and  least  of  the 
constants  of  the  dihydrogen  salts  in  the  table  is  400  to  1 ;  the  corre- 
sponding ratio  for  the  ethyl  hydrogen  salts  is  only  77  to  1.  This 
shows  the  smaller  range  of  influence  of  the  carboxethyl  group  when 
compared  with  the  carboxyl  group.  It  is  only  in  the  very  strong 
acids,  however,  that  there  is  any  striking  difference  in  the  effect  of 
the  two  substituents. 

In  addition  to  the  above  ethyl  hydrogen  salts,  I  have  examined 
methyl  hydrogen  succinate  and  methyl  hydrogen  phthalate,  in  order 
to  obtain  an  idea  of  the  relative  acidity  of  the  groups  COOEt  and 
COOMe. 

Methyl  Hydrogen  Succinate,  MeOOC-CHa'CHa-COOH. 

This  substance  crystallises  from  benzene  in  hard,  colourless  plates. 
Its  melting  point  is  58°. 

^v.  =  845. 


V, 

11. 

lOOm. 

]oo;t. 

19-4 

8-72 

2-46 

0-00321 

38-8 

12-41 

3-50 

0-00328 

77-6 

17-4 

4-91 

0-00327 

155-2 

24-3 

6-87 

0-00327 

310-4 

33-9 

9-57 

0-00326 

620-8 

46-9 

13-23 

0-00326 

K  = 

=  0-00326. 
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OCOOH 
COOMe 

This  acid   ethereal  salt  crystallises  from  benzene  in    rosettes   of 
hard,  glistening  needles.     Its  melting  point  is  82-5". 


/"» 

=  352. 

V. 

/i. 

lOOm. 

100^. 

102 

79-9 

22-7 

0-0653 

204 

107-4 

30-5 

0-0656 

408 

141-1 

40-1 

0-0658 

816 

180-2 

51-2 

0-0658 

K 

= 

0-0656. 

The  constants  of  the  methyl  hydrogen  salts  are  thus  somewhat 
greater  than  those  of  the  corresponding  ethyl  hydrogen  salts,  as  the- 
following  table  indicates  ; — 

Ethyl  hydrogen  Methyl  hydrogen 
Acid.                                   salt.  salt. 

Succinic 0-00302  0*00326 

Phthalic 0-0551  0-0656 

The  group  COOMe  therefore  gives  the  molecule  into  which  it  is  in- 
troduced a  more  acid  character  than  does  the  group  COOEt,  although 
the  difference  between  their  acidifying  effects  is  not  great. 


LXIL— CONTRIBUTIONS  FROM  THE  CHEMICAL  LABORA- 
TC^RY  OF  THE  UNIVERSITY  OF   EDINBURGH. 

No.  VIII.   On  the  Preparation  of  Alhjl  Iodides. 

By  James  Walker,  D.Sc,  Ph.D.,  F.R.S.E. 

The  alkyl  iodides  are  universally  obtained  by  the  interaction  of  an 
alcohol  and  phosphorus  iodide.  It  is  not  customary  to  prepare  a  pure 
iodide  of  phosphorus  beforehand,  but  simply  to  allow  phosphorus  and 
iodine  to  interact  in  presence  of  the  alcohol.  The  only  objection  to 
this  method  in  its  usual  form  is  that  it  is  somewhat  tedious,  and 
requires  pretty  constant  attention.  This  is  due  to  the  fact  that 
yellow  phosphorus  cannot  be  used  conveniently  in  the  preparation,  as 
the   action  between  it  and  solid   iodine   is  too  viocorous.      If  it  is 
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employed  at  all,  the  iodine  must  be  previously  dissolved  in  tbe 
alcohol,  which,  in  most  cases,  necessitates  the  use  of  quantities  of  the 
latter  much  larger  than  are  actually  required.  The  excess  of  alcohol 
is  often  diflBcult  to  get  rid  of  without  some  loss  of  the  alkyl  iodide 
formed.  Even  in  this  case,  however,  the  materials  cannot  be  mixed 
all  at  once,  but  the  yellow  phosphorus  must  be  added  to  the  solution 
in  successive  small  pieces. 

The  action  between  red  phosphorus  and  solid  iodine  in  presence  of 
an  alcohol  is  much  more  moderate,  so  that  the  solids  may  be  brought 
into  contact  in  small  quantities  at  a  time  without  risk.  In  the  pre- 
paration of  ethyl  iodide,  however,  it  takes  from  an  hour  to  an  hour 
and  a  half  to  add  100  grams  of  iodine  to  the  requisite  quantity  of 
alcohol  and  amorphous  phosphorus.  When  500  to  1000  grams  of 
iodine  have  thus  to  be  worked  up  into  alkyl  iodide,  this  slow  addition 
becomes  extremely  irksome. 

Having  of  late  had  occasion  to  prepare  large  quantities  of  ethyl 
and  methyl  iodides,  I  sought  for  some  means  of  lightening  the  labour 
and  doing  away  with  the  attention  involved  in  the  above  modes  of 
preparation,  and,  after  numerous  experiments,  arrived  at  the  follow- 
ing plan,  which  works  very  well  in  practice,  requiring  little  super- 
vision, and  shortening  the  time  expended  to  about  a  third.  A  sketch 
of  the  apparatus  employed  is  given  below.  We  will  suppose  that  the 
preparation  is  to  be  somewhat  over  550  grams  of  ethyl  iodide. 


Condenser. 
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The  materials  required  are — 

500  grains  of  iodine. 

250         ,,         ethyl  alcohol. 

30         „         yellow  phosphorus. 

30         ,,         red  phosphorus. 

The  alcohol  and  the  two  varieties  of  phosphorus  are  introduced 
into  the  wide-necked,  round-bottomed  flask  A,  of  about  1  litre 
capacity.  Into  this  flask,  by  means  of  a  double-bored  cork,  are 
fitted  an  adapter  B,  and  a  wide  glass  tube  D.  The  narrow  tube  of 
the  adapter  is  drawn  out  at  the  end,  as  indicated  in  the  figure,  until 
only  a  small  opening  is  left.  At  C  the  adapter  is  loosely  plugged 
with  glass  wool,  and  into  it  100  grams  of  iodine  are  filled  and  packed 
down  tightly.  A  glass  |T-piece,  F,  completes  the  connection, 
one  limb  of  this  being  inserted  through  a  cork  in  the  adapter, 
another  being  connected  with  the  tube  D  by  means  of  india-rubber 
tubing.  A  wide  reflux  condenser  is  attached  by  means  of  a  cork  to  the 
remaining  limb.  The  top-piece  of  a  Drechsler  fat- ex  traction  appa- 
ratus answers  very  well  for  making  this  three-fold  connection,  and  it 
is  figured  in  the  sketch.  The  apparatus  being  thus  fitted  up,  and 
the  joints  proved  to  be  tight,  the  flask  is  placed  on  a  water-bath,  and 
the  alcohol  in  it  boiled.  As  bumping  frequently  occurs,  it  is  well  to 
add  a  few  fragments  of  porous  tile  to  the  contents  of  the  flask. 

The  vapour  from  the  boiling  alcohol  passes  up  the  tube  D,  and 
is  condensed  in  the  condenser,  the  liquid  dropping  down  through 
E  on  to  the  iodine.  As  the  alcohol  proceeds  downward,  it  be- 
comes saturated  with  iodine,  and  when  it  falls  back  into  A  the 
reaction  begins.  The  narrow  end  of  the  adapter  ought  to  be  at 
a  lower  level  than  the  end  of  the  tube  D,  in  order  to  be  kept  hot 
by  the  alcohol  vapour,  for  otherwise  iodine  may  crystallise  out  from 
the  alcohol  solution  as  it  runs  down,  and  block  up  the  narrow 
opening  of  the  tube.  D  should  be  at  least  6 — 8  mm.  in  bore  to 
allow  free  passage  to  the  vapour.  The  distillation  should  not  be 
allowed  to  proceed  too  rapidly,  for  a  considerable  amount  of  heat 
is  disengaged  daring  the  interaction  in  the  liquid,  which  causes 
rapid  ebullition,  and  this,  from  more  and  more  iodine  being  dissolved 
and  carried  into  the  flask,  always  tends  to  increase.  The  liquid 
should  not,  in  general,  be  allowed  to  run  in  a  continuous  stream  from 
E,  but  only  in  a  rapid  succession  of  drops.  When  all  the  iodine  has 
been  dissolved,  the  heating  is  continued  until  there  is  no  longer  any 
coloration  of  the  liquid  due  to  iodine.  The  flask  is  then  cooled  by  a 
stream  of  cold  water,  and  a  fresh  charge  of  iodine  introduced  into  B. 
The  heating  is  recommenced,  and  the  series  of  operations  repeated 
until  the  whole  500  grams  of  iodine  have  been  worked  up. 
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As  the  reaction  proceeds  and  ethyl  iodide  accumulates  in  the  liquid, 
loss  and  less  heat  is  required  to  keep  the  distillation  going.  This  is 
due,  not  only  to  ethyl  iodide  being  more  volatile  than  alcohol,  but 
also  to  the  iodine  being  much  more  soluble  in  the  former  than  in  the 
latter ;  so  that,  for  a  given  amount  of  liquid  running  back  into  B, 
more  iodine  is  dissolved  in  the  later  stages  of  operation  than  at  the 
beginning,  which,  of  course,  causes  a  greater  evolution  of  heat.  The 
■first  100  grams  of  iodine  take  about  25  minutes  to  dissolve  ;  the  time 
falls  to  about  15  minutes  for  the  last  100  grams.  After  a  -little  ex- 
perience in  regulating  the  heating  has  been  obtained,  the  apparatus 
may  be  safely  left  to  itself  during  the  working  up  of  each  charge  of 
iodine.  If  the  last  charge  is  introduced  too  rapidly,  a  quantity  of  a 
white  solid,  probably  a  phosphonium  iodide,  appears  on  the  walls  of 
the  upper  portions  of  the  apparatus.  The  mixture  of  the  two  varie- 
ties of  phosphorus  in  equal  proportions  attacks  the  iodine  more 
Tapidly  than  either  variety  singly.  This  is  very  likely  due  to  some 
difference  in  the  state  of  division  of  the  phosphorus  produced  during 
the  ebullition. 

When  the  reaction  is  completed,  a  small  quantity  of  water  is 
poured  down  the  condenser  to  destroy  any  phosphonium  compounds 
which  may  be  formed.  The  flask  is  then  detached,  and  the  liquid 
distilled  off  on  the  water-bath.  The  distillate,  after  being  washed 
with,  water,  separated  from  the  aqueous  layer,  and  dried,  is  practi- 
cally pure  ethyl  iodide.  The  average  yield  of  refractionated  ethyl 
iodide  from  500  grams  of  iodine  is  570  grams,  or  93  per  cent,  of  the 
theoretical  quantity. 

Methyl  iodide  may  be  prepared  in  precisely  the  same  way,  methyl 
alcohol  being  substituted  for  ethyl  alcohol.  As  both  the  methyl 
•compounds  are  more  volatile  than  the  corresponding  ethyl  compounds, 
less  heat  is  required  to  keep  the  action  going.  In  fact,  during  the 
addition  of  the  last  charges  of  iodine,  external  heating  may  be  almost 
•dispensed  with  when  once  the  action  is  started.  The  reflux  condenser 
in  this  case  must  be  a  very  efficient  one.  The  yield  of  methyl  iodide 
is  somewhat  greater  than  the  quantity  of  iodine  taken. 

In  order  to  ascertain  if  the  above  method  of  preparation  is  applic- 
able to  higher  members  in  the  series,  an  experiment  was  made  with 
isobutyl  alcohol.  Here  a  sand-bath  must  be  used  instead  of  a  water- 
bath.  In  this  case,  too,  the  iodide  boils  at  a  higher  temperature  than 
the  alcohol.  As  the  alcohol  is  only  slightly  soluble  in  water,  no 
excess  of  it  was  taken,  but  just  the  quantity  equivalent  to  the  iodine 
■employed.  The  action  in  its  later  stages  was  inclined  to  be  rather 
violent,  considerable  quantities  of  hydrogen  iodide  being  evolved, 
nnless  the  distillation  was  well  regulated.  After  all  the  iodine  had 
•disappeared,  the  product  was  distilled  with  steam.     The  heavy  layer 
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of  iodide  in  the  distillate  was  separated  from  the  aqueous  layer,  dried, 
and  fractionated.  250  grams  of  iodine  yielded  300  grams  of  isobutyl 
iodide. 

The  chief  precaution  to  be  taken  in  the  above  preparations  is  the 
proper  regulation  of  the  temperature  while  the  final  charge  is  being 
introduced.  The  tendency  is  always  to  supply  too  much  heat  to  the 
liquid ;  so  that,  until  some  experience  in  the  method  has  been  gained, 
it  is  advisable  to  conduct  the  distillation  during  the  last  stages  very 
slowly.  The  iodine  should  not  be  added  in  quantities  of  over  100 
grams  at  a  time.  If  this  limit  is  not  exceeded,  no  serious  loss  takes 
place,  even  although  the  ebullition  happen  by  mischance  to  proceed 
too  rapidly. 

The  product  obtained  by  the  use  of  yellow  phosphorus  always 
seems  to  contain  small  quantities  of  a  phosphorus  compound,  as  may 
be  detected  by  the  smell.  The  presence  of  this  substance,  however, 
is  by  no  means  a  disadvantage  for  many  purposes ;  the  iodides  thus 
prepared  keep  much  longer  without  separation  of  iodine  than  the 
iodides  obtained  from  amorphous  phosphorus  alone,  and  in  synthetical 
operations,  such  as  the  production  of  substituted  malonic  ethers,  give 
a  much  cleaner  product. 


LXIII. — Production  of  Pyridine  Derivatives  from  the  Lactone  of 

Triacetic  Acid. 

By  N.  Collie,  PhD.,  F.R.S.E.,  and  W.  S.  Myers,  B.Sc,  University 
College,  London. 

It  has  been  long  known  that  such  substances  as  ethyl  acetoacetate 
and  dehydracetic  acid,  when  treated  with  ammonia,  yield  pyridine 
•derivatives.  It  was  therefore  expected  that  triacetic  lactone,  when 
treated  in  a  similar  manner,  would  no  doubt  also  give  a  closed  ring 
compound  containing  nitrogen. 

That  the  triacetic  lactone  probably  does  yield  such  a  compound 
when  warmed  with  strong  solution  of  ammonia  has  already  been 
pointed  out  by  one  of  us  (Trans.,  1891,  59,  617),  but  the  nature  and 
constitution  of  the  new  compound  was  not  then  investigated.  This 
compound  was  shown  to  be  formed  by  a  simple  reaction : — 

CeHeOa  +  NH3  =  CeH^NO^  +  H^O. 

If  the  .action  of  the  ammonia  on  triacetic  lactone  be  similar  to  that 
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which  occurs  when  such  substances  as  dimethylpyrone  or  coumalinic 
acid  are  warmed  with  ammonia,  then  the  reaction  could  be  expressed 
as  follows : — 


0 

NH2HO 

NH 

HC     CH2 

CH3<J         ^0 
HC           CHo~ 

Vo 

\o^ 

Yo 

Triacetic  lactone. 

New  compound. 

That  the  reaction  does  occur  in  the  above  manner  is  rendered 
highly  probable  by  the  results  we  have  obtained. 

Von  Pechmann  has  shown  (Ber.,  24,  3144 — 3153)  that  tautomerism 
undoubtedly  exists  in  these  oxygenated  pyridine  derivatives,  and  that 
the  hydroxypyridines  behave  both  as  hydroxy-derivatives  and  also  as 
compounds  where  the  hydrogen  atom  of  the  hydroxyl  group  shifts  to 
the  nitrogen  atom. 

N  NH 

/'^  /\ 

HC  C-OH  HC  CO 

II   I  II   I 

HC  CH  HC  CH 

\^  \^ 

CH  CH 

Hydroxypyridine.  Pyridone. 

The  compound  which  we  have  obtained  from  triacetic  lactone 
might  have,  therefore,  either  of  the  two  following  formulae : — 

N  NH 

/^  /\ 

CHs-C     C-OH  CHs-C     CO 

III  III 

HC     CH  or        HC     CHo 


C-OH  CO 

and  we  therefore  propose  to  call  it  the  OLir^-dihydroxy-oi-picoline.   When 
it  is  treated  with  bromine,  a  dibromide  is  obtained  : — 

C6H7NO2  +  Br2  =  CeH^NO^-Brs. 

Various  attempts  were  made  to  displace  the  oxygen  by  chlorine, 
and  at  first  without  success.  If  the  substance  is  dissolved  in  phosph- 
orus oxychloride,  but  pentachloride  of  phosphorus  added,  the  reaction 
is  very  violent,  and  the  only  product  which  could  be  obtained  was  a 
very  small  quantity  of  a  monochloride  : — ■ 

C6H,N02  -f  PCI5  =  CeHe-NOCl  +  HCl  +  POCI3. 
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Eventoallj,  however,  it  was  found  that  if  oxychloride  of  phosphorus 
alone  was  used  a  dichloride  was  produced  :  — 

SCeH^NOa  +  2POCI3  =  3C6H5:N'C12  +  2H3PO4. 

This  dichloride  possessed  all  the  properties  of  a  dichloropicoline,  a 
sweet,  pleasant  smell,  very  feeble  basic  properties,  forming  an  unstable 
double  salt  with  chloride  of  platinum  ;  whilst,  when  it  was  passed, 
together  with  hydrogen,  through  a  tube  filled  with  zinc-dust  and 
lieated  to  a  low  red  heat,  a  considerable  quantity  of  a-picoline,  b.  p. 
128—129°,  was  obtained  :— 

CeHs^^Cl^  +  2H2  =  CeH^N  -f  2HC1. 

This  proves  that  the  original  substance  contains  a  methyl  group  in 
the  a-position  relatively  to  the  nitrogen  atom.  The  a-picoline,  when 
oxidised  with  permanganate  of  potash  solution,  gave  picolinic  acid ; 
the  platinum,  gold,  and  picric  acid  double  salts  were  also  prepared, 
but  the  melting  points  were  found  to  be  considerably  higher  than 
those  noticed  by  former  workers.  In  order  to  be  certain  that  we  were 
really  dealing  with  a-picoline,  considerable  trouble  was  taken  to  pre- 
pare that  substance  in  a  pure  state  by  other  known  methods  : — (1.) 
It  was  prepared  by  heating  the  methiodide  of  pyridine.  This  picoline 
gave  with  platinie  chloride,  gold  chloride,  and  picric  acid,  salts  with 
identically  the  same  melting  points  and  the  same  crystalline  form  as 
those  obtained  from  the  picoline  we  had  prepared  from  the  triacetic 
lactone.  (2.)  The  melting  points  of  the  platinum,  gold,  and  picric 
acid  salts,  prepared  from  the  fraction  boiling  between  128°  and  129° 
of  the  bases  from  bone  oil,  althongh  not  quite  identical  with  those  of 
the  salts  already  prepared,  were  not  very  much  lower,  and  certainly 
much  higher  than  those  given  by  Ladenburg  and  Lange. 


Experimental  Part. 

,     _..    ,  ...       CHa-C N-=C-OH 

a  ^/.Dihydroxy-CL-picohne,  CH-C(OH):CH 

The  preparation  and  properties  of  this  substance  have  been  already 
shortly  described  {loc.  cit.).  We  have  found  that,  even  after  prolonged 
treatment  with  strong  ammonia,  the  yield  is  never  theoretical,  and 
that  usually  only  60  to  70  per  cent,  of  the  proper  amount  is  obtained. 
For  instance,  55  grams  of  the  triacetic  lactone  gave  37  grams  of  the 
new  compound. 

During  the  purification  of  the  crude  dihydroxypicoline,  by  recrys- 
tallisation  from  very  dilute  acetic  acid,  we  noticed  that,  on  evaporation 
of  the  mother  liquors,  an  insoluble  substance  always  separated  in 

YOL.    LXI.  3    B 
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flocks  having  a  deep  blue  colour.  This  substance  resembles  indigo  in 
a  most  remarkable  manner.  It  is  qnite  insoluble  in  all  ordinary  re- 
agents. We  found  that  pure  phenol  dissolved  it,  when  hot,  to  a  slight 
extent.  It  is  changed  to  a  nearly  colourless,  pink  compound  when 
treated  with  strong  reducing  agents,  but,  on  exposure  to  the  air  for  a 
few  seconds,  the  original  blue  substance  is  re-formed.  Unlike  indigo, 
it  is  not  volatile.  Unforturately  we  have  been  quite  unable  to  collect 
any  large  quantity  of  it,  and  owing  to  its  great  insolubility  we  were 
not  able  to  purify  it,  and  so  are  ignorant  of  its  composition.  It  is 
always  formed  when  the  crude  lactone  is  used,  but,  when  pure  triacetic 
lactone  is  treated  with  ammonia,  not  a  trace  of  the  blue  compound 
could  be  obtained. 

It  is,  therefore,  no  doubt  produced  from  some  bye-product  formed, 
together  with  the  triacetic  lactone,  by  the  action  of  sulphuric  acid  on 
dehydracetic  acid. 

The  prolonged  action  of  nascent  hydrogen  produced  from  tin  and 
hydrochloric  acid  was  without  action  on  the  dihydroxypicoline,  as 
even  after  several  days  action  nearly  the  whole  of  the  dihydroxy- 
picoline was  recovered  unchanged.  The  oxidation  by  means  of  per- 
manganate of  potash  was  also  tried,  a  very  violent  reaction  occurring 
when  permanganate  of  potash  is  added  to  a  warm  solution  of  dihydr- 
oxypicoline. A  crystalline  potassium  salt  was  eventually  obtained, 
but  neither  it  nor  the  acid  could  be  prepared  in  a  state  fit  for  analysis, 
so  this  investigation  was  not  carried  further.  The  dihydroxypicoline 
was  also  heated  for  several  hours  at  150°  with  acetyl  chloride,  but 
without  result. 


^.,    ,  .7.      ..,        .7     CHa-CBr— NHzzC-OH 

iJinyaroxypicoline  dihromide,  1        r^/r\T^\•r^TT     • 

LiBv'L'yUrij.Lfil 

When  5  grams  of  the  dihydroxypicoline  was  dissolved  in  strong 
acetic  acid,  and  6*4  grams  of  bromine  carefully  added,  the  solution 
became  warm.  On  cooling,  about  8  grams  of  a  granular  salt  separated. 
This  was  collected  and  recrystallised  from  hot  acetic  acid.  It  was 
eventually  obtained  in  the  form  of  white  needles  melting  about  220° 
(226"  corr.)  with  much  blackening  and  charring.  On  analysis,  the 
following  numbers  were  obtained  : — 

Water  of  Crystallisation. 

1-5525  gram  of  salt  lost  0-1740  gram  H2O  at  130°  =  11-20  per 
cent.  HoO  ;  calculated  for  C6H7N'02Br2,2H,0  =  1121  per  cent. 
H2O. 
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Analysis  of  Dry  Salt. 

I.  0-2080  gram  of  salt  gave  0*2000  gram  COa  and  0-0392  gram 
H2O. 
II.  0'2255  gram  of  salt  gave  0*2140  gram  COg  and  00425  gram 
H2O. 

III.  0*3023  gram  of  salt  gave  13*8  c.c.  N  at  15°  and  767  mm. 

IV.  0-2848  gram  of  salt  gave  12-8  c.c.  N  at  16-5°  and  767  mm. 
V.  0-350  gram  of  salt  gave  0*4640  gram  AgBr. 

Found. 
Calculated  for       , * s 


CgH-NOoBrj.       I.  II.  III.  IV.  V. 

C 25-26         26-22         25-85  —  —  _ 

H. ...      2-46  2-09  2*09  —  _  _ 

N....     4-91  —  —  5-39  5-27  — 

Br   ..    5615  _  _  _  _  56-41 

The  substance,  therefore,  is  dihydroxypicollne  dibromide. 


^.^,        .    ,.       CHa-C— NZZCCI 
B^cUorop^col^ne,  (Jh-CCKCH' 

10  gramvS  of  the  dihydroxypicoline  was  dissolved  in  phosphorus 
oxychloride,  and  17  grams  of  phosphorus  pentachloride  added  little 
by  little,  the  temperature  being  kept  at  about  130°  by  means  of  an  oil- 
bath.  The  excess  of  phosphorus  oxychloride  was  then  distilled  off,  and 
the  pale  yellow  liquid  left  in  the  flask  treated  with  water ;  on  blow- 
ing steam  through  the  mixture,  a  small  quantity  of  an  oil  distilled 
over  with  the  water,  and  from  the  residue  about  3  grams  of  a  crystal- 
line compound  was  obtained  containing  chlorine.  The  reaction, 
therefore,  did  not  seem  to  be  a  simple  one,  and  after  several  experi- 
ments, only  a  very  small  amount  of  the  oil  and  of  the  solid  could  bo 
obtained.  The  solid,  after  repeated  crystallisation  from  alcohol, 
melted  at  170 — 172°  (173 — 175°  corr.),  and  on  analysis  the  substance, 
dried  at  130°,  gave  the  following  figures  : — 

I.  0-0823  gram  of  substance  gave  0-1515  gram  CO2  and  0-0356 

gram  H2O. 
II.  02311  gram  of  substance  gave  04296  gram  CO3  and  0*0932 
gram  H2O. 

III.  0*2757  gram  of  substance  gave  22*5  c.c.  N  at  15*.aiid  754*8  ram. 

IV.  0*1087  gram  of  substance  gave  9*0  c.c.  N  at  15°  and  758  mm. 
V.  0'I870  gram  of  substance  gave  0187  AgCl. 

3  E  2 
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Found. 


c. 

Calculated  for 
CellfiNOCi. 
. ..    50-18 

i. 

50-20 

II. 

50-70 

H.. 

.  . .      4-18 

4-81 

4-48 

N.. 

,  ..      9-75 

— 

— 

CI 

..    24-73 

— 

— 

III.  IV. 


9-50  9-67         — 

_      24-78 

A  determination  of  the  water  of  crystallisation  gave  the  following 
results  : — ■ 

I.  0-3459  gram  of  substance  lost  0-0392  gram  H2O  =  11-34  per 

cent.  H2O. 

II.  0-7281  gram  of  substance  lost  0*0814  gram  H2O  =  11-26  per 

cent.  H2O. 

Calculated  for  CeHsNOClHaO  =  11*15  per  cent.  H2O. 

That  a  monochloride  should  be  formed  in  presence  of  a  large  excess 
of  phosphorus  pentachloride  is  not  easy  to  explain,  for  we  afterwards 
found  that  the  oil  which  is  produced  at  the  same  time  as  the  mono- 
chloride  was  dichloropicoline,  and  that  the  only  practical  method  for 
its  manufacture  was  by  boiling  dihydroxypicoline  with  phosphorus 
oxychloride  alone. 

After  many  experiments  had  been  tried  with  phosphorus  penta- 
chloride and  dihydroxypicoline  and  a  very  large  amount  of  the  latter 
substance  wasted,  we  tried  the  prolonged  action  of  phosphorus  oxy- 
chloride alone,  and  at  once  obtained  a  large  quantity  of  the  liquid 
dichloropicoline.  It  was  carefully  fractionated  and  boiled  at 
200— -201°  (205—206°  corr.). 

I.  0-1718  gram  of  substance  gave  0-2797  gram  CO2  and  0-0591 
gram  H2O. 

II.  0-1665  gram  of  substance  gave  0'2701  gram  CO2  and  0-0544 

gram  H2O. 

III.  0-1329  gram  of  substance  gave  0-2170  gram  CO2  and  0-0443 

gram  H2O. 

IV.  0-3785  gram  of  substance  gave  0-6740  gram  AgCl. 
V.  0-2770  gram  of  substance  gave  0-4920  gram  AgCl. 

VI.  0-1735  gram  of  substance  gave  130  c.c.  N  at  8°  and  754  mm. 

Found. 


Calculated  for    ^ 

C6H5NCI2.       I. 

II. 

III. 

c. 

. . .    44-44    44-40 

44-24 

44-53 

H. 

...      3-09       3-82 

3-63 

3-70 

N. 

.  . .      8-64         — 

— 

— 

Cl 

..    43-82        — 

— 



IV.  V.  VI. 


—  —        8-98 

44-11     43-85 
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Dlchloropicoline  is  an  oil  which  does  not  mix  with  water.  It 
dissolves  in  strong  hydrochloric  acid,  but  is  reprecipitated  again 
on  dilution.  The  strong  hydrochloric  acid  solution  gives  an  insoluble 
double  salt  with  platinum  chloride,  which  was  prepared  pure  by  first 
washing  with  hydrochloric  acid,  and  then  recrystallising  from  the 
acid.     The  resulting  salt  was  dried  over  solid  caustic  soda. 

I.  0-272  gram  of  salt  gave  0'0735  gram  Pt  =  27*02  per  cent.  Pt. 
II.  0-618  gram  of  salt  gave  0-162  gram  Pt  =  26-21  per  cent.  Pt. 

Calculated  for  (CeHsNClzjHCOsPtCU  =  26-57  per  cent.  Pt. 

^.  ,.     ch3-ch-n:ch 

--^'^'^'^''^        ch.ch:ch- 

The  dichloride  was  passed  together  with  a  stream  of  hydrogeti 
through  a  tube  filled  with  zinc-dust  and  heated  to  a  low  redness.  A 
considerable  quantity  of  picoline  was  produced,,  which  was  collected 
by  passing  through  hj^drochloric  acid  solution.  In  order  to  obtain 
the  free  base,  the  acid  solution  was  made  alkaline  with  soda  and  dis- 
tilled, the  distillate  extracted  by  shaking  with  ether,  and  the  ethereal 
solution  of  picoline  dried  by  allowing  it  to  remain  with  solid  potash. 
On  fractional  distillation,  after  the  ether  had  passed  over,  the  thei- 
mometer  rose  rapidly  to  128°,  and  the  whole  of  the  remaining 
contents  of  the  flask  distilled  between  128°  and  129^.  From  15  grams 
of  dichloropicoline,  2 — 3  grams  of  a-picoline  were  obtained.  It  was 
at  once  converted  into  a  platinum  salt  and  after  several  recrystal- 
lisations  was  obtained  in  large,  yellow  plates  which  did  not  contain 
any  water  of  crystallisation,  and  were  found  to  melt  at  216 — 217° 
(221—22-2°  corr.). 

I.  0-3216  gram  of  salt  gave  0-2862  gram  CO2  and  0'0907  gra-.n 
H^'O. 
II.  0-3495  gram  of  salt  gave  0*1140  gram  Pt. 


Found. 


Calculated  for  ^ 


(C6H7N,HCl)2PtCl4.  I.  II. 

C 2419  24-27 

H 2  69  3-13 

Pt 32-55  „  32-61 

From  the  analysis,  the  substance  evidently  was  a  methylpyridiue, 
but  the  melting  point  of  the  salt  did  not  agree  with  that  given  by 
Ladenburg  and  Lange  (Annalen^  247,  6)  as  the  melting  point  of  the 
chloroplatinate  of  a-picoline,  namely,  178°;  moreover,  the  salt  is 
supposed  to  contain  1  mol.  H,iO.     More  recently,  however,  Stoehr 
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(J.pr.  Chem.  [2],  42,  420—428)  has  given  195°  as  the  melting  point, 
and  states  that  when  pure  the  salt  crystallises  in  the  anhydrons  con- 
dition in  monoclinic  tables.  We  therefore  thought  it  necessary  to 
prepare  a-picoline  by  the  best  known  methods,  and  compare  the 
chloroplati nates  thus  formed. 

The  iirst  method  employed  was  heating  methiodide  of  pyridine : — 

€6H5N,CH3l  =  CeH^NHI. 

a-Picoline  obtained  in  this  way  distilled  almost  completely  between 
127°  and  129°,  and,  when  converted  into  the  chloroplatinate  and 
purified  hj  recrystallisation,  gave  a  salt  identical  with  ours  in  ap- 
pearance amd  melting  point.  Moreover,  the  aurichloride  was  pre- 
pared from  both  picolines,  and  was  found  to  melt  at  183 — 184° 
(186 — 187°  corr.),  and  the  picrates  were  also  identical,  with  a  melting 
point  of  169—171°  (172—173°  corr.)^  The  second  method  employed 
was  repeated  recrystallisation  of  the  platinichloride  of  a  specimen  of 
bone-oil  picoline,  whose  boiling  point  lay  between  128°  and  129° ; 
after  more  than  20  recrystallisations,  the  platinum  salt  melted  at 
210 — 211°  (215 — 216°  corr.),  but  we  were  unable  to  raise  the  melting 
point  further.  This,  however,  proved  that  the  melting  points  given 
by  Stoehr,  and  by  Ladenburg  and  Lange,  were  probably  too  low. 
The  a-picoline  was  also  oxidised  with  permanganate  of  potash,  and 
the  picolinic  acid  m,  p.  135 — 137°  was  obtained. 


LXIV. — Action  of  Light  on  Silver  Chloride. 

By  H.  Brereton  Baker,  M.A.,  Dulwich  College. 

The  fact  that  chlorine  is  evolved  when  silver  chloride  is  darkened. by 
exposure  to  light  was  first  noticed  by  Scheele  ;  it  was  supposed  that 
a  simple  decomposition  took  place,  and  that  the  darkening  was  the 
consequence  of  thp  liberation  of  metallic  silver.  Shortly  afterwards 
it  was  found,  however,  that  darkening  took  place  in  presence  of  strong 
nitric  acid  and  other  solvents  of  silver,  so  that  it  was  evident  the 
metal  could  not  have  been  set  free. 

Fisher,  in  1814,  supposed  that  the  liberation  of  chlorine  was  due  to 
the  partial,  instead  of  the  total,  decomposition  of  the  silver  chloride, 
and  that  a  subchloride  was  produced.  According  to  Vogel  (Ann.  Phys. 
Chem.,  119,  497),  the  dark  product  is  identical  with  the  black  powder 
obtained  by  Wohler  by  the  action  of  hydrochloric  acid  on  silver  sub- 
oxide.    The  observations  of  v.  Bibra  (J.pr.  Chem., 122,  39),  that  the 
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loss  in  weight  of  the  silver  chloride,  in  spite  of  the  evolution  of 
chlorine,  was  almost  inappreciable,  led  me  to  investigate  the  question 
whether  combination  did  not  take  place  as  well  as  decomposition, 
and  whether  the  loss  in  weight  caused  by  the  undoubted  escape  of 
chlorine  was  not  compensated  for  by  the  absorption  of  some  other 
substance. 

The  first  experiment  tried  I  subsequently  found  to  be  nearly 
identical  with  one  of  Robert  Hunt's  (Researches  on  Light,  p.  80).  A 
small  quantity  of  silver  chloride  was  placed  in  a  bulb  blown  on  the 
end  of  a  long  tube,  the  open  end  of  which  dipped  into  potash  solution. 
After  a  few  days  exposure,  the  liquid  had  risen  several  inches  in  the 
tube,  although 'the  temperature  of  the  bulb  was  1°  higher  and  the 
barometric  pressure  was  the  same.  After  neutralisation  with  nitric 
acid,  the  solution  gave  a  precipitate  with  silver  nitrate ;  this  seemed 
to  show  that  oxygen  was  absorbed  and  chlorine  libera,ted. 

The  next  experiment  w^s  a  modification  of  the  first,  there  being  two 
bulbs  side  by  side,  one  of  which  contained  the  silver  chloride,  and  the 
second,  strong  potash  solution,  to  facilitate  the  absorption  of  the 
chlorine,  the  apparatus  being  filled  with  purified  oxygen.  In  this 
case,  after  three  days  exposure  to  sunlight  with  constant  shaking,  the 
potash  had  risen  10  inches  in  the  long  tube,  the  conditions  of  tempe- 
rature and  pressure  being  nearly  the  same ;  on  repeating  the  experi- 
ment, similar  results  were  obtained.  This  shows  that  oxygen  is 
absorbed  during  the  darkening  of  the  silver  chloride,  and  as  nothing 
dissolved  on  testing  the  blackened  chloride  with  nitric  acid,  it  was 
evident  that  no  oxide  of  silver  had  been  produced.  It  seemed  possible 
that  an  oxychloride  might  have  been  formed,  and  this  view  was 
borne  out  by  the  stability  of  the  darkened  compound.  On  boiling  with 
strong  hydrochloric  acid,  the  darkened  substance  becomes  white,  as 
we  should  expect  it  would  if  it  contains  an  oxychloride. 

An  attempt  was  now  made  to  determine  the  formula  of  the  black 
substance.  Until  the  appearance  of  Meldola's  Chemistrij  of  Photo- 
graphy, in  1889,  I  was  ignorant  that  some  work  had  been  done  in  this 
direction  by  Professor  Hodgkinson,  whose  results,  however,  beyond 
the  brief  mention  in  this  book,  have  not  been  published. 

To  prepare  the  silver  chloride  used  in  the  earlier  experiments, 
standard  silver  was  dissolved  in  nitric  acid,  and  the  solution  diluted 
and  filtered.  Pure  dilute  hydrochloric  acid  was  then  added  in  ex- 
cess, and  the  mixture  boiled  for  some  time.  In  order  to  prevent  any 
admixture  with  organic  matter,  the  washing  of  the  chloride  was  per- 
formed by  decantation  only,  and  was  continued  until  the  washings 
gave  no  opalescence  with  silver  nitrate. 

After  drying  the  silver  chloride  in  an  air-bath  at  150°,  it  was 
powdered  and  allowed  to  cool  in  a  desiccator  over  strong  sulphuric 
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acid.  A  weighed  qaantity  of  the  chloride  was  then  introduced  into 
a  weighed  and  dried  bulb  provided  with  two  openings,  and  a  current 
of  air  was  di-awn  over  the  silver  chloride  by  means  of  an  aspirator. 


KHO 


H0SO4 


During  the  experiment,  the  air  was  purified  before  entering  the  bulb 
by  passing  it  through  three  inclined  tubes  containing  strong  potash 
solution,  and  it  was  then  dried  by  passing  it  through  similar  tubes 
containing  strong  sulphuric  acid.  After  leaving  the  cliloride  of  silver 
bulb,  the  air,  carrying  with  it  the  liberated  chlorine,  passed  through, 
a  glass  valve  to  prevent  regurgitation,  and  thence  into  a  set  of  bulbs 
containing  a  solution  of  potassium  iodide  ;  these  bulbs  were  connected 
with  a  tube  also  containing  potassium  iodide,  which  showed  by  its 
remaining  colourless  that  the  absorption  in  the  preceding  bulbs  was 
complete.  The  bulbs  containing  potassium  iodide  were  shielded  from 
the  light  by  enclosure  in  a  box.  In  order  to  prevent  loss  of  chlorine, 
the  tube  at  each  joint  was  made  to  fit  into  the  tube  connected  with 
it,  and  the  intervening  space  was  filled  with  paiaffin,  the  whole  joint 
being  covered  with  india-rubber  tubing.  A  set  of  bulbs  containing 
caustic  potash  solution  was  placed  between  the  potassium  iodide  bulbs 
and  the  aspirator  to  guard  the  former  from  any  fumes  from  the  labora- 
tory. The  whole  apparatus  was  placed  on  a  shelf  across  a  south 
window.  During  exposure,  the  silver  chloride  bulb  was  continually 
shaken  to  submit  fresh  portions  to  the  action  of  the  light.  This  shaking 
had  to  be  very  cautiously  done  to  prevent  the  dihturhance  of  the 
joints.  The  amount  of  iodine  liberated  was  estimated  by  sodium 
thiosulphate,  and  the  amount  of  chloiine  evolved  was  calculated  from 
it;  this  weight  was  never  greater  than  15  milligrams. 

The  bulb  containing  the  darkened  cliloride  was  weighed  after  the 
experiments,  but  it  was  found  to  be  very  difficult  to  obtain  from  the 
alteration  in  w^eight  any  trustw^orthy  information  as  to  the  amount  it 
had  lost,  silver  chloride  in  its  purest  state  being  slightly  hygroscopic ; 
and  on  this  account,  the  slight  differences  in  weight,  amounting  to, 
at  most,  a  milligram,  were  not  considered  sufficient  evidence  of  the 
amount  of  change  that  had  taken  place. 

The  amount  of  oxygen  was  determined  directly.  A  bottle  with  two 
tubu  lures  was  filled  with  purified  chlorine  ;  this  was  prepared,  and  the 
Subsequent  determination  was  made,  in  a  room  lighted  by  one  gas 
jet  only,  ko  as  to  prevent  any  liberation  of  oxjgen  from  the  water  by 
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the  chlorine.  The  chlorine  was  tested  before  and  after  the  experi- 
ment, and  found  to  be  wholly  absorbed  by  potash. 

The  bulb  containing  a  weighed  quantity  of  the  darkened  chloride 
was  exhausted  and  gently  heated  while  connected  with  the  pump, 
to  get  rid  of  any  air.  The  india-rubber  connections,  previously  soaked 
in  paraffin,  were  then  closed  by  screw-clips  and  connected,  the  one 
with  the  bottle  containing  chlorine,  and  the  other  with  a  conducting 
tube  previously  filled  with  water  and  dipping  under  strong  potash 
solution.  The  gas  was  collected  in  the  laboratory  tube  of  a  gas- 
analysis  apparatus.  The  bulb  was  then  filled  with  chlorine,  gently 
heated,  and  the  gas  slowly  passed  into  the  laboratory  tube.  The 
oxygen  collected  was  drawn  into  the  eudiometer  of  the  apparatus  and 
measured.  It  was  always  tested,  either  by  explosion  with  hydrogen, 
or  absorption  with  potassium  pyrogallate,  and  if,  as  was  occasionally 
the  case,  small  quantities  of  nitrogen  were  found,  corrections  were 
made  for  the  corresponding  quantities  of  air. 

The  amount  of  silver  in  the  darkened  compound  was  determined  by 
dissolving  a  weighed  quantity  of  the  darkened  mixture  in  strong 
ammonia,  collecting  the  precipitated  silver  on  a  filter,  and  weighing  ad 
metal. 

In  one  experiment : — 

The  silver  weighed  0*10633  gram. 

The  chlorine  originally  combined  with  this  was  0'034)82  gram. 

Chlorine  evolved  =  0"01563  gram. 

Chlorine  in  the  darkened  compound  =  0"01919  gram. 

The  oxygen  in  the  darkened  compound  =  000918  gram. 

The  percentages  are  : — 

Calculated  for 

Ag/JlO. 

Ag 78-94  80-75 

CI 14-25  ]3-27 

0 6-81  5-98 

The  results  of  the  experiments  were  not  concordant,  how^ever.  and 
a  different  method  was  tried. 

A  large  bulb,  fitted  with  a  stoppered  tubulure,  was  sealed  on  to  the 
end  of  a  long  tube  of  2  mm.  bore,  graduated  in  millimetres.  The  lower 
end  of  this  was  sealed  into  a  (J-^-^be,  the  other  end  of  which  could 
be  closed  by  a  stopper;  the  silver  chloride  was  placed  in  tlie  bulb. 
In  the  LJ-tube  was  placed  a  solution  of  potassium  iodide  to  absorb 
the  chlorine.  The  stopper  of  the  bulb  was  covered  with  mercury 
during  the  exposure.  The  graduated  tube  was  carefully  calibrated  by 
introducing  a  thread  of  mercury  into  it  and  measuring  the  length  of 
it  by  means  of  a  microscope.     By  weighing  several  such  threads  of 
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mercury,  it  was  found  that  the  volume  of  a  length  of  1  cm.  was 
0*065  c.c.  The  volume  of  the  bulb  was  determined  by  finding  the 
weight  of  pure  mercury  required  to  fill  it. 

Before  exposure,  the  apparatus  was  placed  in  a  cellar  in  which  the 
temperature  is  nearly  constant,  and  left  there  for  several  hours.  A 
thermometer,  graduated  to  0"1°,  was  hung  by  the  bulb,  and  when 
both  had  acquired  a  constant  temperature,  readings  were  taken  by 
means  of  a  telescope. 

During  the  exposure,  the  potassium  iodide  was  protected  from  the 
light.  The  exposure  needed  was  shorter  than  in  the  last  experiments, 
since  it  was  easier  to  shake  the  bulb,  and  so  to  expose  fresh  portions 
of  the  silver  chloride  to  the  action  of  the  light. 

The  silver  and  the  chlorine  were  determined  as  in  the  previous  ex- 
periments. The  results  of  this  experiment  lead  to  the  formula 
AgisChoOis. 

The  probable  defect  in  this  experiment  was  that  the  temperature 
of  the  air  inside  the  bulb  was  not  obtained  with  sufficient  accuracy. 
The  method  was  therefore  abandoned,  and  a  third  apparatus  constructed. 
It  consisted  of  a  flask  of  about  130  c.c.  capacity,  in  the  neck  of  which 
was  sealed  a  side  tube,  covered  by  the  hollow  stopper.  In  the  stopper 
a  small  hole  was  drilled  to  correspond  with  the  opening  of  the  side 
tnbe.  By  this  means  communication  could  be  made  with  the  side  tube 
by  turning  the  stopper.  The  weighed  silver  chloride  was  placed  in 
the  flask.  Into  the  stopper,  one  end  of  a  roll  of  clean  copper  gauze 
w^as  fixed,  which  served  to  absorb  the  chlorine.  The  flask,  filled  with 
oxygen,  dried  by  sulphuric  acid,  was  immersed  in  water  for  several 
hours  to  obtain  a  constant  temperature.  At  the  end  of  this  time  the 
stopper  was  opened  for  a  moment  by  means  of  a  long  pair  of  tongs, 
so  as  to  equalise  the  pressure  between  the  contents  of  the  flask  and 
the  atmosphere;  the  temperature  of  the  water  and  the  height  of  the 
barometer  being  read  as  accurately  as  possible.  A  mercury  cap  was 
then  placed  over  the  stopper,  and  the  side  tube  filled  with  mercury 
to  prevent  any  possibility  of  leakage. 

When  the  exposure,  which  lasted  generally  about  a  month,  with 
shaking  at  frequent  intervals,  was  over,  the  mercury  was  removed 
from  the  stopper  and  the  side  tube,  and  the  flask  fixed  in  a  trough  of 
water  which  had  been  standing  in  a  cellar  of  constant  temperature. 
A  weighed  bulb,  with  a  tap  at  one  end  and  a  thin  tube  at  the  other, 
was  attached  to  the  side  tube  of  the  flask  with  the  tap  open.  The 
tap  was  closed  with  a  pair  of  tongs,  and  the  whole  immersed  in  the 
water  of  the  trough  for  a  couple  of  hours.  The  tap  was  then  opened, 
and  on  turning  the  stopper  of  the  flask,  water  rushed  into  the  bulb, 
which,  after  closing  the  tap,  was  cleaned  and  weighed.  The  neces- 
sary correction  for  the  density  of  water  at  the  temperature  of  the 
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experiment  having  been  made,  an  accurate  measure  of  the  difference 
in  volume  of  the  flask  before  and  after  the  exposure  was  obtained. 
It  would  seem  to  be  much  -more  trustworthy  than  the  measurement 
of  small  volumes  of  gases,  since  the  error  in  weighing  would  neces- 
sarily be  very  small.  In  order  to  determine  the  weight  of  chlorine 
evolved,  the  stopper  with  the  attached  roll  of  copper  was  removed 
from  the  flask,  and  weighed  in  a  tube  whose  ground  neck  just  fitted 
the  stopper.  This  was  found  to  be  necessary,  because  the  oxychloride 
of  copper  formed  was  hygroscopic.  The  copper  was  then  dissolved  in 
dilute  nitric  acid  and  the  solution  precipitated  by  silver  nitrate.  The 
silver  chloride  was  weighed,  and  from  its  weight  the  weight  of  the 
chlorine  evolved  could  be  found.  The  silver  set  free  by  ammonia 
was  determined  as  in  previous  experiments.  The  results  of  one 
experiment  of  this  series  were  : — 

Weight  of  silver  chloride  taken,  51-3616  grams.  The  flask  was 
filled  with  air,  dried  by  sulphuric  acid,  at  10-6°  and  768  ram. 

The  volume  of  water  which  entered  the  bulbs,  corrected  for  tempe- 
rature, was  3-7132  c.c. 

Volume  of  the  flask,  131*70  c.c. 

Volume  of  air  in  the  flask  =  131-70  —  volume  of  copper  —  volume 
of  AgCl  =  131-70  -  0-79  -  919  c.c.  =  121-72  c.c.  at  10-6°  and 
768  mm. 

Volume  of  air  at  0°  and  760  =  118*4  c.c. 

Volume  of  air  after  exposure  =  121-72  —  3-71  c.c.  =  118-01  c.c. 
at  10-6°  and  754  mm. 

Volume  of  oxygen  absorbed  =  5-7  c.c.  at  0°  and  760  mm. ;  this 
weighs  0-00817  gram. 

Increase  in  weight  of  the  copper  =  0-0179  gram. 

Chlorine  in  this  determined  as  AgCl  =  0-0139  gram. 

Oxygen  combined  with  copper  =  0*0040  gram. 

Oxygen  absorbed  by  the  silver  chloride  =  0-0041 7  gram. 

Weight  of  silver  set  free  by  the  action  of  ammonia  =  0-0786  gram. 

The  chlorine  originally  combined  with  this  =  0-0258  gram. 

Chlorine  left  in  darkened  compound  =  001 19  gram. 

Ag6.«  Agi9. 

Clj.8  Clio. 


Silver 

0-0786 
107-97 

Chlorine  .... 

0-0119 
35-35 

Oxygen 

0-0041 
15-96 

In  many  of  these  experiments,  the  ratio  only  of  chlorine  evolved  to 
oxygen  absorbed  was  determined. 
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Atoms 

of 

f 

Oxygen 
absorbed. 

Chlorine 
evolved. 

1 

0-70 

1 

1-26 

1 

112 

1 

1-26 

I 

II 

Ill 

IV 

I  ascribe  the  discrepancy  between  these  various  results  to  the 
difficulty  of  working  with  such  very  small  quantities  of  the  darkened 
substance.  In  the  experiment  given  above,  out  of  51  grams  of  silver 
chloride  taken,  the  weight  of  the  oxychloride  produced  was  0"09  gram. 
I  believe,  however,  that  there  is  another  cause  which  aifects  the 
results.  If  darkened  silver  chloride  be  allowed  to  stand  in  the  dark 
for  some  time,  it  will  be  noticed  that  it  very  slowly  loses  its  colom-, 
and  becomes  white.  In  order  to  find  what  caused  this  effect,  an 
experiment  was  arranged  with  the  apparatus  used  in  Series  B.  The 
chloride  was  darkened  as  much  as  possible,  and  the  absorption  of 
oxygen  was  observ^ed.  Reduced  to  normal  temperature  and  pressure, 
this  was  found  to  be  25  c.c.  It  was  then  allowed  to  stand  in  a  dark 
room  for  two  months,  at  the  end  of  which  time  it  had  become  nearly 
white,  and  a  further  absorption  of  oxygen  was  noticed  of  0"26  c.c. 
It  is  impossible  that  the  silver  chloride  could  have  been  re-formed, 
since  some  of  its  chlorine  had  escaped.  It  seems  likely  that  a  higher 
oxychloride  than  the  black  one  may  be  formed  when  the  latter  is 
kept  in  contact  with  oxygen.  In  connection  with  this  point,  it  may 
be  mentioned  that  io  has  been  observed  by  Hunt  and  others  that 
when  black  silver  chloride  is  exposed  to  red  light,  it  is  bleached,  a 
result  which  has  been  confirmed  by  Captain  Abney,  in  working  with 
collodion  plates.  It  is  possible  that  red  light  favours  the  production 
of  this  white  substance.  I  am  making  experiments  at  the  present 
time  with  the  view  ot  examining  this  change. 

While  the  experiments  described  above  were  in  progress,  a  paper 
was  published  by  Dr.  Richardson  (this  Journal,  1891,  59,  536),  in 
which  the  compound  produced  by  the  action  of  light  on  uilver  chloride 
was  stated  not  to  be  an  oxychloride,  because  no  water  had  been  ob- 
tained when  the  darkened  chloride  was  heated  in  hydrogen.  I  repeated 
these  experiments  with  the  greatest  care,  and  in  each  case  found  that 
water  was  produced.  In  three  experiments,  the  oxygen  in  the 
darkened  silver  chloride  had  been  determined  by  one  of  the  other 
methods,  and  these  determinations  agreed  with  those  made  by 
Richardson's  method  within  2  per  cent.  It  is  possible  that  the 
difference  in  our  results  is  caused  by  Richardson  having  used  sulph- 
uric acid  to  dry  the  hydrogen. 
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It  was  thouglit  desirable  to  make  some  qualitative  experiments, 
with  the  view  of  confirming  the  existence  of  combined  oxygen  in  the 
darkened  compound.  Captain  Abney  has  already  shown  that  dry- 
silver  chloride  does  not  darken  in  a  vacuum,  unless,  he  says,  mercary 
or  some  other  absorbent  of  chlorine,  is  present.  In  repeating  his 
experiment,  and  performing  those  which  follow,  I  used  very  carefully 
purified  silver  chloride.  The  amraoniacal  solutions  of  the  chloride, 
obtained  in  the  quantitative  determinations  of  silver,  were  treated  in 
dim  gas  light,  with  very  dilute  nitric  acid.  The  precipitated  silver 
chloride  was  boiled  repeatedly  with  distilled  water,  transferred  to  a 
beaker,  previously  heated  nearly  to  redness  to  destroy  any  dust 
particles,  and  heated  in  an  air-bath  for  several  hours.  It  was  then 
ground  in  an  agate  mortar,  and  with  a  spatula  transferred  to  a  tube, 
previously  heated  to  redness,  containing  phosphorus  pentoxide  at  one 
end  and  a  drop  of  mercury  in  a  bulb  in  the  middle.  It  was  then 
exhausted  as  completely  as  possible.  After  drying  for  three  days,  it 
was  exposed  to  sunlight,  and  the  silver  chloride  remained  perfectly 
white  for  the  six  months  during  which  the  exposure  was  made. 

A  similar  tube  was  made  containing  the  silver  chloride  in  pure 
carbon  dioxide.  The  gas  had  been  dried  only  by  sulphuric  acid.  A 
slisrht  change  in  colour  occurred  when  exposed  to  light,  and  this  was 
reversed  in  darkness.  The  small  quantity  of  water  present  was 
probably  decomposed,  the  action  being  reversible. 

It  was  then  thought  advisable  to  see  if  silver  chloride  was 
darkened  in  dried  oxygen.  A  tube  was  filled  with  oxygen,  having 
phosphorus  pentoxide  at  one  end,  and  pure  silver  chloride  at  the 
other.  This  was  exposed  to  bright  sunlight,  and  not  the  slightest 
change  in  colour  could  be  detected. 

In  the  early  stages  of  the  research,  some  experiments  were  under- 
.taken  by  some  of  my  students  and  myself,  with  the  object  of  ascer- 
taining if  silver  chloride  darkened  in  liquids  which  contained  no 
oxygen.  Sealed  up  in  purified  dried  benzene,  with  only  the  vapour 
above  the  liquid,  it  darkened  rapidly.  The  dark  substance  was  black, 
with  no  tinge  of  blue.  It  seemed  possible  that  it  was  not  the 
ordinary  produrt  of  the  action.  On  testing,  it  was  found  to  be 
metallic  silver,  being  entirel}^  soluble  in  dilute  nitric  acid.  This  was 
no  doubt  a  simple  case  of  reduction  of  the  chloride  to  metal.  Carbon 
tetrachloride  was  next  selected,  as  a  liquid  which  does  not  contain 
oxygen,  neither  is  it  capable  of  acting  as  a  reducing  agent.  A  speci- 
men was  purified  by  fractional  distillation,  and  allowed  to  stand  over 
phosphorus  pentoxide  for  a  week.  It  was  then  introduced  into  a 
tube  containing  dried  silver  chloride.  The  liquid  was  then  boiled, 
and  the  tube  sealed.  On  exposure  to  light,  the  chloride  darkened 
immediately.     On  testing  the  darkened  product,  it  was  found  to  be 
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metallic  silver,  produced  by  the  presence  of  unsuspected  traces  of 
alcohol  in  the  tetrachloride.  I  then  attempted  to  prepare  pure  carbon 
tetrachloride  by  the  action  of  chlorine  on  carbon  bisulphide.  After 
washing  with  water,  the  product  was  distilled  from  metallic  mercury, 
to  free  it  from  chlorine.  Silver  chloride  darkened  slowly  under  this 
also.  The  residue  was  soluble  in  nitric  acid,  and  the  solution  gave  a 
white  precipitate  with  barium  nitrate,  showing  that  silver  sulphide 
had  been  produced.  Some  carbon  tetrachloride  was  obtained  from 
Kahlbaum,  of  Berlin,  and  was  found  to  contain  no  free  chlorine.  It 
was  dried  by  allowing  it  to  stand  over  phosphorus  pent  oxide  for  a 
week.  On  sealing  up  this  with  silver  chloride,  air  being  excluded, 
it  gave  not  the  slightest  darkening  in  bright  sunlight.  It  was  allowed 
to  stand  for  three  months  in  a  south  window,  and  no  change  in 
colour  was  ever  observed.  One  such  tube,  after  remaining  unaltered 
for  a  month,  began  one  morning  to  show  a  change  in  colour.  The 
top  layer  of  the  silver  chloride  became  covered  with  a  violet  film. 
On  careful  examination,  a  minute  crack  was  observed  at  the  point 
where  the  tube  had  been  sealed.  The  tube  was  opened.  No  inrush 
of  air  took  place,  showing  that  the  space  above  the  liquid  was  already 
full  of  air.  On  leaving  the  tube  for  an  hour  in  sunlight,  the  silver 
chloride  darkened  as  completely  as  if  it  had  been  freely  exposed  to 
air.  Several  tubes  have  been  made  with  the  same  result,  thus 
establishing  the  fact  that  under  pure  carbon  tetrachloride,  silver 
chloride  does  not  darken. 

A  very  convincing  proof  of  the  existence  of  an  oxychloride  was 
obtained  in  an  unexpected  manner.  An  attempt  was  made  to 
separate  the  darkened  compound  by  dissolving  away  the  unaltered 
chloride  in  a  strong  solution  of  potassium  chloride.  It  was  found 
that  all  the  substance  was  dissolved,  and,  on  dilution  with  water, 
pure  silver  chloride  was  precipitated.  If  the  dark  substance  was 
really  an  oxychloride,  some  action  must  have  taken  place  which 
would  liberate  alkali.  Some  of  the  solution  was  diluted  with  a  large 
quantity  of  water,  filtered  from  the  precipitated  silver  chloride,  and 
tested  with  a  solution  of  phenolpthalein.  A  distinct  pink  colour  was 
observed.  In  a  similar  experiment,  using  the  utmost  precautions  to 
avoid  error,  neutral  litmus  solution  was  turned  distinctly  blue. 

General  Conclusions. 

The  dark  substance  produced  by  the  action  of  light  on  silver 
chloride  is  an  oxychloride. 

The  formula  of  the  oxychloride  is  probably  AgzClO. 

When  the  darkened  substance  is  kept  in  the  dark,  a  fresh  absorjD- 
tion  of  oxygen  takes  place,  probably  due  to  the  formation  of  a  white 
oxychloride. 
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LXY. — Fermentation  of  Arahinose  with  the  Bacillus  ethaceticus. 

By  Percy  F.  Frafkland,  Ph.D.,  B.Sc,  F.R.S.,  and  John  MacGregor, 
M.A.  (Edin.),  Forster  Scholar  in  University  College,  Dundee. 

It  has  been  previously  shown  by  one  of  us  that  pure  growths  of  this 
organism  cause  the  fermentation  of  a  number  of  carbohydrates,  of 
mannitol  and  glycerol,  as  well  as  of  calcium  glycerate,  and  a  detailed 
description  of  the  products  obtained  from  the  three  last-mentioned 
bodies,  as  well  as  from  dextrose,  has  been  given  (Proc.  Boy.  Soc,  46, 
346;  J".  Ghem.  Soc,  Trans.,  1891,  59,  81  and  96  ;  1892,  61,  432).  In 
each  case  the  products  obtained  consisted  chiefly  of  ethyl  alcohol  and 
acetic  acid,  together  with  traces  of  succinic  acid  and  variable  propor- 
tions of  formic  acid. 

The  substances  thus  fermented  by  this  organism  all  possess  either 
a  three-  or  six-carbon  molecule,  indeed  we  have  hitherto  failed  to 
ferment  either  glycol  or  erythrol,  and  hence  it  w^as  of  particular 
interest  to  ascertain  the  nature  of  the  fermentation  products  re- 
sulting from  the  decomposition  of  the  five-carbon  molecule  of 
arabinose. 

The  specimen  of  arabinose  which  we  have  used  in  this  investigation 
was  obtained  from  Dr.  Schuchardt,  and  we  have  determined  its  purity 
by  means  of  the  following  tests  : — 

The  specific  rotation  of  a  10  per  cent,  solution,  after  standing 
24  hours,  was  [aJD  =  104".  The  melting  point  was  found  to  be 
152—153°.  Scheibler  (Ber.,  1,  108)  gives  the  melting  point  as  100^ 
Our  specimen  was  accordingly  recrystallised  from  alcohol  to  see  if 
this  discrepancy  was  caused  by  any  impurity.  The  crystals  thus 
obtained  were  small,  colourless  prisms  radiating  from  centres.  The 
melting  point  was  still  152 — 153°.  A  4  per  cent,  solution  of  this 
recrystallised  arabinose  gave  at  first  [ajjp  =  118*3°,  but  after  standing 
until  the  rotation  was  constant  [ajp  =  106" ;  temperature  18". 
Parkus  and  Tollens  {Ber.^  23,  Ref.  401)  have  obtained  a  much 
greater  range  for  [a]^,  namely,  from  156*6'^  to  104'5°.  Bauer  {Ber.y 
22,  835)  gives  the  range  of  [oc]^  from  1167''  to  104-4°. 

The  phenyl  hydrazine  compound  prepared  with  our  specimen  melted 
at  156—157°;  Kiliani  (Ber.,  20,  339)  gives  158°. 

Giinther  and  Tollens  (Ber.,  23,  1751)  have  described  a  method  for 
the  quantitative  estimation  of  arabinose  by  distillation  with  hydro- 
chloric acid  and  titration  of  the  furfural  so  obtained  with  phenyl- 
hydrazine.  The  yield  of  furfural  is  said  to  be  about  50  per  cent,  of 
the  weight  of  the  arabinose.     Our  specimen,  when  examined  by  this 
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method,  gave  49'83  per  cent,  of  its  weight  of  furfural ;  thus,  0-1967 
gram  arabinose  yielded  0*09801  grain  furfural  =  49'83  per  cent. 

First  Series  of  Fermentations. 

In  the  first  instance,  the  arabinose  was  fermented  in  flasks  plugged 
with  cotton  wool,  thus  admitting  of  the  free  diffusion  of  air  into 
them.  The  fermentation  was  carried  out  in  duplicate,  each  of  the 
flasks  being  charged  with  the  following  materials  : — 

Arabinose     10  grams'^ 

Peptone 1       ,,        I  diluted  to  1000  c.c. 

Carbonate  of  lime.  10       „        [       with  distilled  water. 

Salt  solution 100  c.c.       J 


It  is  needless  to  say  that  all  the  necessary  precautions  of  sterilisation, 
&c.,  as  described  in  previous  communications,  were  observed.  Each 
flask  was  inoculated  with  a  pure  growth  of  the  B.  ethacetlcus,  taken 
from,  a  fermenting  solution  of  mannitol,  and  was  then  placed  in  an 
incubator  maintained  at  38".  The  liquids  were  in  a  state  of  fer- 
mentation on  the  fourth  day,  and  continued  visibly  disengaging  gas 
over  a  period  of  one  month. 

At  the  conclusion  of  the  fermentation,  the  contents  of  the  two 
flasks  were  submitted  to  chemical  examination  in  the  manner 
described  in  former  communications. 

The  alcoholic  liquid  obtained  by  distilling  the  fermented  contents 
of  the  flask  was  oxidised  with  potassium  dichromate  and  sulphuric 
acid,  and  the  volatile  acids  thus  produced  were  converted  into  barium 
salts,  of  which  there  were  obtained  from 


Flask  No.  1.  3-423  grams  of 
barium  salt,  yielding  91*10 
per  cent.  BaSOa,  correspond- 
ing to  1*235  gram  ethyl 
alcohol. 


Flask  No.  2.  3*130  grams  of 
barium  salt,  yielding  91-06 
per  cent.  BaS04,  correspond- 
ing to  1-129  gram  ethyl  alco- 
hol. 


From  the  above  determinations,  it  will  be  seen  that  the  percentage 
of  BaSOi  yielded  by  these  barium  salts  was  slightly,  but  distinctl}-, 
lower  than  that  yielded  by  pure  barium  acetate,  which  gives  91-37  per 
cent.  BaS04.  This  points  to  the  presence  of  a  very  small  quantity 
of  some  alcohol  higher  than  ethylic,  which  is  also  substantiated  by 
the  subsequent  fermentations. 

Volatile  Acids. — After  distilling  off  the  alcohols  as  above,  the  vola- 
tile acids  were  liberated  by  the  addition  of  the  calculated  quantity  of 
hydrochloric   acid,    and   the    distillates    collected   in   three    distinct 
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fractions,  each  of  which  was  separately  converted  into  barium,  s  alts, 
thus : — 


FlasJc,  No.  1. 
Fraction   I    gave    3*0965    grams 
barium  salt,  yielding — 

(1)  90-76  per  cent.  BaSOi. 

(2)  90-72         „ 

Fraction  II  gave   20665    grams 
barium  salt,  yielding — 

(1)  91-08  per  cent.  BaSOi- 

(2)  90-87 

Fraction    III    gave  0-2895  gram 
barium  salt,  yielding — 
90-72  per  cent.  BaS04. 


Flask,  No.  2. 
Fraction  I    gave    2-8370    grams 
barium  salt,  yielding — ■ 

(1)  90-63  per  cent.  BaSOi. 

(2)  90-89 

Fraction   II   gave   25530   grams 
barium  salt,  yielding — - 

(1)  91-14  per  cent.  BaSOi- 

(2)  91-18         „ 

Fraction   III    gave    0-492    gram 
barium  salt,  yielding — 
90-57  per  cent.  BaSOi. 


In  all  cases  the  percentage  of  BaSOi  i«  distinctly  lower  than  that 
required  by  barium  acetate  (91-37  per  cent.  BaSOi),  pointing  to  the 
presence  of  an  acid  of  higher  molecular  weight.  The  quantity  of 
this  acid  must,  however,  be  so  slight,  that,  for  practical  purposes,  it 
may  be  neglected,  and  the  whole  of  these  barium  salts  calculated  as 
acetic  acid,  of  which  there  are  then  in  No.  1  2*566  grams,  and  in 
No.  2  2-768  grams. 

The  ratio  between  the  alcohol  and  acetic  acid  in  these  fermenta- 
tions is : — 


No.  1. 
CsHeO  :  C2H4O2 

1      :     2*08 


No.  2. 
CgHeO  :  O2H4O2 
1       :    2*45 


and  inasmuch  as  all  the  errors  of  experiment  tend  in  the  direction  of 
finding  too  little  alcohol,  it  is  probable  that  the  lower  of  the  above 
proportions  is  the  more  accurate.  This  corresponds  closely  with 
tbat  of  2  mols.  of  alcohol  to  3  of  acetic  acid — 

2C2H6O  :  3C2HA  =  1-96 
2  (46)       3  (60) 

After  removal  of  the  volatile  acids,  there  was,  as  usual  in  these 
fermentations,  a  small  quantity  of  brown  insoluble  matter  left,  which, 
on  drying  at  100°,  amounted  to 

No.  1 0*1935  gram.  No.  2 0*1660  gram. 

Subsequently,  by  extraction  with  ether,  there  was  obtained 

from  No.  1 Determination  lost. 

,,     No.  2 0089  gram  of  succinic  acid. 

VOL.  LXI.  3   F 
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From  the  residues,  after  extraction  with  ether,  nothing  but  a  small 
quantity  of  gummy  matter  soluble  in  alcohol  could  be  obtained. 


Fermentation  of  Arahinose  in  a  Closed  Space  :  Determination  of  Gaseoiis 

Products. 

We  now  proceeded  to  investigate  the  fermentation  when  conducted 
under  circumstances  permitting  of  the  collection  of  the  gaseous 
products.  The  solutions  of  arabinose  were  placed  in  bottles,  each 
provided  with  a  delivery  tube  dipping  into  a  mercury  bath  over 
which  the  gases  were  collected.  The  arrangement  of  the  experiment 
was  precisely  similar  to  that  already  described  by  one  of  us  (Trans., 
1891,  59,  260). 

The  fermentation  was  carried  on  in  duplicate,  thus  : — 

No.  1  bottle.  No.  2  bottle. 

Arabinose 8  grams -^       made  up 

Peptone 0-4  „       I     to  400  c.c. 

CaCOa 4-0  „        rwith  distilled  ^'"''• 

Salts  solution  . .      40  c.c.    J         water. 

The  evolution  of  gas  took  place  as  follows  : — 


No.  1. 

No.  2. 

Days  after 
inoculation. 

Total  Tolume  of  gas 

collected  (corr.  to  0°  C. 

and  760  mm.). 

Days  after 
inoculation. 

Total  volume  of  gas 

collected  (corr.  to  0°  C. 

and  760  mm.). 

5 
6 
9 
10 
11 
13 
15 
20 
38 
66 

7-3 
9  0 
197-9 
320  9 
419  -3 
497-0 
567-6 
681-7 
787-5 
809-5 

5 
6 
9 
10 
13 
16 
20 
38 
66 

6.9 
8-8 
179-8 
270-8 
351-3 
441-4 
496-7 
561-2 
583-9 

The  evolution  of  gas  is  most  conveniently  studied  by  reference  to 
the  diagram  (next  page),  in  which  the  ordinates  represent  the  volumes  of 
gas  in  c.c.  and  the  absciss83  the  days  after  inoculation  of  the  arabinose 
solutions. 

Samples  of  the  gas  evolved  were  from  time  to  time  submitted  to 
analysis,  with  the  following  results : — 
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Gases  evolved  from  Fermentation  of  Arabinose. 
No.  1. 


I. 

8th  day. 

II. 

9tli— 10th  day. 

III. 
10th— 12th  day. 

IV. 
19th— 37th  day. 

Mean  of 

analyses 

II,  III,  and  IV. 

C02 
0.. 

H.. 
N.. 

27-86 

5-78 

26-67 

39-69 

63-96 
0-17 

35-53 
0-34 

64-83 
0-09 

34-89 
0-19 

61-30 
0  14 

38-10 
0-46 

63-36 
0-13 

36-17 
0-34 

100-00 

100-00 

100  -00 

100-00 

100-00 

No.  2. 

I. 

5th— 8th  day. 

II. 

9th— 12th  day. 

III. 

19th— 37th  day. 

Mean  of  analyses 
II  and  III. 

C02... 

0 

H 

N 

33-80 

1-54 

37-77 

26-89 

56-36 
0-16 

43-37 
0-11 

56-76 
0-33 

41-99 
0-92 

56-56 
0-25 

42-68 
0-51 

100-00 

100-0 

100-00 

100  -00 

Fermentation  of  Aeabinose. 

Upper  curve,  Arabinose  No.  1. 
Lower      „  „  No.  2. 


600 


400 


2  00 


^^ 


10 


20  30  40 

Days  after  inoculation. 


50 


3  F  2 
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Thus,  not  only  was  there  a  very  considerable  difference  in  the 
volumes  of  gas  given  off  in  the  two  fermentations,  but  in  composi- 
tion also  there  was  a  marked  difference,  the  gas  in  No.  1  being  richer 
in  carbonic  anhydride  and  poorer  in  hydrogen  than  that  from  No.  2. 
This  difference  finds  its  explanation  in  the  nature  of  the  other  pro- 
ducts, and  will  be  referred  to  again. 

From  the  above  volumes  and  composition  it  can  be  calculated  that 
there  were  obtained  from 

j^Q  if  292-8  c.c.  of  hydrogen 0-0262  gram. 

1 516'7       ,,      carbonic  anhydride. .  . .  1-0185      „ 

-j^^  2  /  249-2  c.c.  of  hydrogen 0-0223  gram. 

1 334-7       „      carbonic  anhydride 0-6598      „ 

Treating  the  fermented  liquids  in  the  same  manner  as  previously 
described  (see  p.  738),  there  were  obtained  by  oxidation  of  the 
alcoholic  portion  from 


No.  1.  1-486  gram  of  barium 

salt,  yielding  90-38  per  cent. 

BaS04,    and   corresponding 

to    0-5361    gram   of    ethyl 

alcohol. 
Of  volatile  acids,  there  were  obtained  from 


No.  2.  1-248  gram  of  barium 
salt,  yielding  90-47  per  cent. 
BaS04,  and  corresponding  to 
0-450  gram  of  ethyl  alcohol. 


No.  1.  1'5645  gram  of  barium  salt,  yielding  92-68  per  cent.  BaS04, 
and  corresponding  to 

{0*1818  gram  of  barium  formate  =  0-0737  gram  of  formic  acid. 
1*3827         „  „         acetate    =  0-6507         „       acetic  acid. 

No.  2.  1*4025  gram  of  barium  salt,  yielding  93*32  per  cent.  BaSOi, 
and  corresponding  to 

{0-2426  gram  of  barium  formate  =  0-0983  gram  of  formic  acid. 
1*1599         „  „        acetate     =  0-5458         „       acetic  acid. 

These  results  again  show  that  formic  acid  is  produced  in  the 
dosed  fermentations,  even  when  it  is  entirely  absent  in  the  open  ones 
induced  by  the  same  organism.  They  show  also  that  the  ethyl 
alcohol  produced  in  the  fermentation  of  the  arabinose  is  mixed  with 
a  very  small  quantity  of  a  higher  alcohol,  just  as  was  the  case  in  the 
open  fermentation,  and  doubtless  there  is  also  a  small  quantity  of  a 
higher  volatile  acid,  but  the  presence  of  this  is  masked  by  the  formic 
acid,  whilst  its  presence  in  the  open  fermentations  was  manifested, 
owing  to  its  being  only  mixed  with  acetic  acid. 

In  addition  to  the  products  referred  to  above,  as  well  as  a  trace  of 
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saccinic  acid,  there  is,  also,  another  unidentified  acid  formed.  We 
have  obtained  evidence  of  its  presence  by  determining  the  total 
quantity  of  carbonate  of  lime  dissolved  in  the  fermentation,  and  find 
this  to  be  in 

Gram. 

No.l 1025 

Corresponding  to  CO2 .    0'4510 


Gram. 

No.  2 0-948 

Corresponding  to  CO2 .      0'4149 


These  quantities  of  calcium  carbonate  have  been  dissolved,  of 
course,  by  the  acids  formed,  of  which  we  have  determined  the  amount 
of  the  formic  and  acetic  as  above.  Now  the  carbonic  anhydride  cor- 
responding to  the  formic  and  acetic  acids  found  amounts  to 

No.  1 0-2739  gram  CO2       No.  2 0-2471  gram  CO,, 

thus  leaving  carbonic  anhydride  due  to  the  decomposition  of  calcium 
carbonate  by  the  unknown  acid  in 

No.  1 0-1771  gram  CO2       No.  2 0-1678  gram  CO2. 

On  subtracting  the  whole  of  the  carbonic  anhydride,  due  to  decom- 
position of  the  calcium  carbonate,  from  the  total  carbonic  anhydride 
found  by  gas  analysis,  there  is  a  balance  of 

No.  1 0-5675  gram  COo       No.  2 0*2449  gram  CO2, 

and  this  is  the  only  discrepant  result  obtained  in  the  two  fermenta- 
tions. This  residual  CO2  in  No.  1  is  almost  the  exact  amount 
required  to  yield  formic  acid  with  the  hydrogen  found  (00263  X  22 
=  0-5786  gram),  whilst  the  residual  CO2  in  No.  2  is  much  too  little 
for  this  purpose,  for  0-0223  x  22  =  0-4906  instead  of  0-2437  gram. 
It  would  appear  probable,  therefore,  that  this  deficiency  of  CO2  must 
have  remained  dissolved  as  bicarbonate  in  the  fermented  liquid,  and 
thus  escaped  measurement,  for  it  will  be  seen  on  reference  to  the  gas 
analyses  (p.  741)  that  the  gas  evolved  in  Fermentation  No.  2  had  a 
strikingly  lower  percentage  of  CO2  than  that  from  No.  1. 

Assuming,  therefore,  that  we  are  justified  in  calculating  the  hydro- 
gen with  this  residual  carbonic  anhydride  into  formic  acid,  we  may 
tabulate  the  products  of  these  fermentations  thus : — 

No.  1.  No.  2. 

Gram.  Gram. 

Ethyl  alcohol  found 0-5361  0450 

Acetic  acid  found 0-6507  0-5458 

Formic  acid  found 0-0737  00983 

Total  CO2  found  by  gas  analysis  . .  1-0185  0*6598 

Total   CO2   from   decomposition    of 

CaCOa  by  acids  formed 04510  04149 
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No.  1.  No.  2. 

Gram.  Gram. 
CO2  due  to  decomposition  of  CaCOa 

by  acetic  and  formic  acids 0*2739  0'2471 

CO2  due  to  decomposition  of  CaCOa 

by  unidentified  acid 0'1771  0-1678 

■  Eesidual  CO2  due  to  fermentation. .      0-5675  0'2449 

Hydrogen  found  by  gas  analysis.  . .      0*0263  0'0223 

Total  formic  acid  by  calculation.  . .      06786  0*6112 

With  the  exception  of  the  residual  carbonic  anhydride  in  No.  2,  all 
these  products  are  present  in  almost  identical  proportions  in  the  two 
fermentations ;  thus,  the  relationship  between  them  is  well  exhibited 
by  comparing  their  amounts  with  the  quantity  of  hydrogen  found, 
taken  as  unity — 


H 

CaHgO 

C2H4O2 

CH2O2 

/  CO2  equiTalent  of 
|_  unidentified  acid. 

No.  1   . . 

.       1 

'20-4 

24-7  : 

25-8 

67 

No.  2    . . 

..       1 

.   20-2 

24-5  : 

27-4 

7-6 

On  dividing  these  relative  weights  by  the  molecular  weights,  we 
obtain  the  following  molecular  relationships : — 

No.  1.  No.  2. 

CzHeO... 0-44  0-44 

C2H4O2 0-41  0-41 

CH2O2.... 0-56  0-60 

CO2  equivalent  of   unidentified 

acid 015  017 

which  figures  again  closely  approximate  to   the   following  integral 
molecular  values : —    * 

One   molecule  CO.  equiva-  j  ^  g^^g^Q  ^  ^^^^^q^  ^  ^^g^O^ 
lent  to  unidentined  acid. .  J 

The  quantity  of  material  at  our  disposal  was  altogether  insufficient 
to  permit  of  our  investigating  the  nature  of  the  unidentified  acid  in 
question. 

The  principal  conclusions  at  which  we  have  arrived  in  this  in- 
vestigation are  the  following : — 

1.  Arabinose  is  fermentable  with  the  Bacillus  ethaceticus. 

2.  The  products  are  essentially  similar  to  those  obtained  in  the 
fermentation  of  other  carbohydrates  and  polyhydric  alcohols  by  this 
organism,  and  consist  of  ethyl  alcohol,  acetic  acid,  carbonic  anhydr- 
ide, and  hydrogen,  together  with  a  trace  of  succinic  acid,  whilst,  if 
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the   fermentation   is   carried   on   in   a   closed   space,  a  considerable 
quantity  of  formic  acid  is  also  produced. 

3.  The  carbonic  anhydride  and  hydrogen  are  evolved  in  propor- 
tions closely  corresponding  to  that  in  which  they  are  present  in  formic 
acid,  namely,  equal  volumes  or  molecules. 

4.  In  addition  to  the  above  products,  we  have,  as  in  fermenta- 
tions of  other  carbohydrates  with  this  bacillus,  also  obtained  evidence 
of  the  presence  amongst  the  products  of  another  acid,  the  nature  of 
which  we  have  not  yet  been  able  to  determine. 

5.  The  products  of  the  decomposition  of  the  arabinose  are  ap- 
proximately formed  in  the  following  molecular  proportions : — 
3C2H4O2  :  3C2H6O  :  4CH2O2  :  CO2  equivalent  of  unidentified  acid,  in 
which  the  whole  of  the  evolved  carbonic  anhydride  and  hydrogen  is 
represented  as  formic  acid. 

6.  In  the  fermentations  conducted  in  flasks  closed  with  cotton 
wool  only,  the  alcohol  and  acetic  acid  were  found  in  the  proportion 
2C2H6O  :  3C2H4O2. 

Thus,  in  the  fermentation  of  arabinose  by  this  micro-organism,  the 
proportion  of  acetic  acid  to  alcohol  is  greater  than  in  that  of  dextrose, 
and  still  greater  than  in  that  of  mannitol  and  glycerol,  but  less  than 
in  that  of  glyceric  acid. 


LXVI. — The  Atomic  Weight  of  Palladium. 

By  G.  H.  Bailey,  D.Sc,  Ph.D.,  and  Thornton  Lamb,  3851  Exhibition 
Scholar,  Owens  College. 

The  atomic  weight  of  palladium  was  first  determined  by  Berzelius 
(Ann.  Ghim.  Phys.^  8,  177)  in  the  year  1813  by  a  synthesis  of  the 
sulphide  and  by  the  reduction  of  the  chloride  by  means  of  mercury. 
The  values  obtained  from  these  experiments  were  711  and  704  respec- 
tively (oxygen  =  100).  Fifteen  years  later  (ibid.,  13,  454),  having 
recognised  that  these  numbers  could  not  be  regarded  as  very  accurate, 
he  repeated  the  determination,  using  potassium  palladious  chloride. 
He  found  this  difficult  to  prepare  in  the  anhydrous  condition  without 
running  the  risk  of  decomposing  the  salt,  but,  notwithstanding  this, 
he  estimated  after  reduction  in  hydrogen — 

a.  The  amount  of  palladium  in  a  given  quantity  of  the  salt. 

h.  The  amount  of  potassium  chloride  washed  out  from  the  residual 
palladium. 

€.  The  chlorine  given  off  when  the  salt  is  strongly  heated. 
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His  mnnbers,  as  deduced  from  these  experiments  and  recalculated 
by  Clarke  (Constants  of  Nature  ^  v,  257),  are: — 

From  percentage  of  metal 106*612 

KCl 104-674 

„  chlorine 110*796 

Berzelius  himself  accepted  the  first  of  these  values  as  representing 
the  atomic  weight  of  palladium. 

In  1847,  Quintus  Icilius  published  a  dissertation  in  which  he  refers 
to  some  experiments  done  by  himself,  which  led  him  to  take  111*879 
as  the  atomic  weight  of  palladium. 

At  the  time  we  commenced  our  investigation,  these  were  the  only 
estimations  which  had  been  made,  though,  while  our  work  was  in 
progress,  a  paper  was  published  by  Keiser  (Ame7\  Chem.  Journ.,  11, 
398),  from  which  it  appeared  that  he  had  used  in  his  determinations 
palladammonium  chloride,  Pd(NH3Cl)2,  a  salt  which  our  preliminary 
investigation  had  already  led  us  to  adopt  as  apparently  well  adapted 
for  the  purpose.  It  does  not,  however,  appear  from  Keiser's 
paper  that  any  special  precautions  were  taken  to  ensure  the  purity  of 
the  palladium  used ;  moreover,  the  details  given  with  regard  to  the 
preparation  of  the  salt  and  its  analysis  are  too  meagre  to  enable  us  to 
draw  conclusions  as  to  the  cause  of  the  difference  between  his  results 
and  those  we  have  obtained. 

The  value  assigned  as  the  result  of  these  experiments,  namely, 
106*35,  is  almost  identical  with  that  of  Berzelius  already  quoted. 

In  view  of  the  importance  of  a  redetermination  of  the  atomic 
weights  of  the  platinum  metals  and  of  the  interest  which  attaches  to 
the  work  done  during  the  last  few  years  by  Seubert  and  others,  we 
decided  to  continue  our  investigation,  especially  as,  from  a  communi- 
cation kindly  made  to  us  by  Professor  Seubert,  it  appeared  that  he 
had  no  immediate  intention  of  entering  upon  a  redetermination  of 
this  atomic  weight. 

Preparation  of  Palladium. 

The  raw  material  for  the  preparation  was  obtained  from  the 
Sheffield  Smelting  Company,  and  consisted  of  residues  rich  in  palla- 
dium which  had  been  accumulated  by  them  for  some  time.  It  was 
found  to  contain  about  95  per  cent,  of  palladium  associated  with 
small  quantities  of  other  platinum  metals,  chiefly  platinum,  and  also 
copper  and  iron. 

The  material  was  first  extracted  with  hydrochloric  acid,  and  when 
nothing  more  passed  into  solution,  the  residue  was  separated  by 
filtration,  washed,  and  dissolved  in  aqua  regia.     The  small  quantity 
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of  insoluble  matter  was  then  removed,  and  the  solution  boiled  dowir 
several  times  with  hydrochloric  acid  until  the  nitric  acid  was  entirely 
expelled.  The  palladious  chloride  thus  obtained  was  precipitated 
by  means  of  mercuric  cyanide,  the  precipitate  washed  thoroughly 
(a  very  slow  process,  owing  to  its  gelatinous  character),  and  ignited. 
The  metal  left  on  ignition  was  redissolved  in  hydrochloric  acid  with 
the  addition  of  some  nitric  acid  as  before,  and  then  thrown  down  by 
means  of  potassium  chloride  prepared  by  Stas'  method  ;  the  potassium 
palladious  chloride  thus  obtained  being  reduced  in  hydrogen  and 
washed  till  free  from  potassium  chloride.  This  treatment  was 
repeated  several  times. 

The  metal  finally  obtained  was  practically  unacted  upon  by  hydro- 
chloric acid.  It  was  again  dissolved,  the  excess  of  acid  expelled, 
and  ammonia  added  until  the  precipitate  at  first  thrown  down  was 
redissolved,  a  slight  residue  which  remained  being  rejected.  Gaseous 
hydrogen  chloride  was  then  passed  into  the  clear  solution  after  it 
had  been  sufficiently  diluted  to  prevent  the  precipitation  of  am- 
monium chloride,  and  the  yellow  palladammonium  chloride  pre- 
cipitate collected  in  several  fractions.  The  earlier  and  later  fractions 
were  rejected,  the  palladium  used  in  the  investigation  being  obtained 
from  the  intermediate  portions  by  reduction  in  hydrogen. 

Examination  of  Salts  of  Palladium. 

The    salts   investigated   were   those  Avhich   seemed   likely   to   be 
suitable  for  our  purpose,  namely  : — 
a.  Palladious  cyanide. 
h.  Palladammonium  cyanide. 

c.  Potassium  palladious  chloride. 

d.  Palladammonium  chloride. 

Palladious  Cyanide. — It  was  found  that  on  heating  a  small  quantity 
of  this  salt  in  the  apparatus  already  described  by  one  of  us  (Gheni. 
News,  54,  302),  and  gradually  raising  the  temperature,  no  cyanogen 
was  evolved,  and  the  weight  remained  constant  at  220°.  An  analysis 
showed,  however,  that  a  small  quantity  of  water  still  remained 
attached  to  the  salt,  and  when  it  was  sought  to  get  rid  of  this  by 
heating  to  a  still  higher  temperature,  decomposition  ensued,  accom- 
panied by  the  formation  of  paracyanogen.  The  cyanide  is,  therefore, 
not  adapted  for  the  determination  of  an  atomic  weight. 

Palladammonium  Cyanide. — This  was  prepared  by  passing  pure 
hydrogen  cyanide  into  an  ammoniacal  solution  of  palladious  chloride 
and  recrystallising  the  salt  which  separated  out.  It  was  obtained  in 
splendid  crystals,  and  appeared  to  be  a  most  promising  substance. 

Some  difficulty  was  experienced  in  obtaining  it  perfectly  anhydrous, 
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but  this  was  overcome.  Even  below  100°,  the  salt  begins  to  give  off 
ammonia,  and  it  was  thought  that  a  determination  might  be  made 
(a)  of  the  ammonia,  (6)  of  the  palladioas  cjanide  then  remaining, 
(c)  of  the  palladium  ultimately  left  bj  the  ignition  of  the  palladiou  s 
cyanide.  It  was  found,  however,  that  there  was  no  sharp  line  of 
demarcation  in  the  decomposition,  so  that,  in  view  of  the  advantages 
presented  by  the  corresponding  chlorine  derivative,  the  latter  seemed 
preferable,  more  especially  as  at  that  time  we  were  under  the  im- 
pression that  it  would  be  possible  to  separately  determine  the  chlorine 
und  the  palladium,  if  not  also  the  ammonia  in  it.  Some  determina- 
tions which  were  made  with  this  cyanide,  however,  rendered  it 
probable  that  the  atomic  weight  did  not  exceed  106. 

Potassium  Palladious  Chloride. — The  difficulty  of  obtaining  this  salt 
in  an  anhydrous  condition,  originally  pointed  out  by  Berzelius,  con- 
stitutes a  real  objection  to  its  use  for  an  atomic  weight  determination. 
This  objection,  however,  entirely  disappears  if,  instead  of  taking 
the  relation  between  the  salt  and  its  constituents  as  he  did,  we  ascer- 
tain the  ratio  which  the  constituents  potassium  chloride  and  palladium 
bear  to  each  other.  This  ratio  is  manifestly  independent  of  the 
presence  of  moisture  in  the  salt. 

A  quantity  of  the  double  salt  was  therefore  prepared  by  precipitat- 
ing a  concentrated  solution  of  palladious  chloride  by  means  of  potas- 
sium chloride,  avoiding  the  presence  of  oxidising  agents.  The  crystals 
were  caref^illy  separated  from  the  mother  liquor,  several  times  washed 
with  small  quantities  of  water,  and  dried  at  the  ordinary  temperature 
under  reduced  pressure. 

The  salt  was  then  heated  in  a  stream  of  pure,  dry  hydrogen  at  as 
low  a  temperature  as  possible  nutil  complete  reduction  had  taken 
place. 

Table  I. 

Denomination  of  Atomic  weight  of 

sample.  KCl  found.  Pd  found.  Pd,  H  =  ] . 

KI    1-49767  1-05627  104-945 

K  II  ..... .   0-90484  0-63738  104-820 

In  consequence  of  the  difficulty  of  preparing  the  pure  salt  in  suffi- 
ciently large  quantity,  and  the  errors  incidental  to  its  analysis,  we  at 
the  time  saw  no  hope  of  achieving  results  at  all  comparable  in  point 
of  accuracy  with  those  attainable  from  palladammonium  chloride. 
With  a  larger  amount  of  pure  material,  such  as  we  at  present  have, 
and  the  experience  gained  from  the  determinations  made,  we  believe, 
however,  that  a  good  result  may  yet  be  arrived  at  by  this  method,  and 
shall  take  some  future  opportunity  of  continuing  the  investigation 
along  these  lines.  We  have  every  reason  to  consider  the  values  de- 
duced from  the  experiments  quoted  to  be  too  low. 
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Palladmnmoninm  Chloride. 

This  salt  can  be  obtained  in  a  very  pure  condition,  as  already  de- 
scribed in  the  preparation  of  palladium,  and  when  the  earlier  and 
later  portions  are  rejected  several  fractions  can  be  obtained  which 
show  no  appreciable  variation  in  character  or  composition.  It  sepa- 
rates out  in  exceedingly  minute,  pale-yellow  crystals,  and,  after  de- 
canting the  mother  liquor,  the  product  is  washed  repeatedly  by  aid 
of  the  filter-pump.  It  is  practically  insoluble  in  water  or  dilute  acids 
and  can  be  readily  dried  under  diminished  pressure  at  the  ordinary 
temperature.  It  possesses  the  further  advantage  of  not  being  hygro- 
scopic, and  on  several  occasions  portions  of  a  gram  or  more  having 
been  exposed  to  air  increased  in  weight  two  or  three  tenths  of  a 
milligram  during  the  first  hour,  and  after  that  showed  little  or  no 
further  variation. 

Determination  of  Chlorine. 

Method  of  Analysis. — From  1*5  to  3  grams  of  the  salt  were  weighed 
out  in  a  porcelain  boat  and  reduced  by  heating  in  a  stream  of  hydro- 
gen. The  hydrogen  was  prepared  from  pure  zinc  and  sulphuric  acid, 
and  passed  successively  through  alkaline  permanganate  of  potash, 
nitrate  of  silver,  and  potash,  and  then  over  a  layer  of  glass  wool. 
The  combustion  tube  used  was  about  6  feet  in  length,  two-thirds  of  it 
projecting  outside  the  furnace,  so  that  the  greater  part  of  the  ammo- 
nium chloride  formed  in  the  decomposition  might  condense  in  this 
part.  Ammonium  chloride  was  prevented  from  depositing  on  the  fore 
part  of  the  tube  by  heating  this  first,  and  also  by  carefully  regulating 
the  supply  of  hydrogen.  Notwithstanding  all  possible  precautions, 
however,  it  was  not  found  possible  to  condense  the  whole  of  the 
ammonium  chloride  in  the  tube. 

The  ammonium  chloride  washed  out  of  the  tube,  and  that  which 
was  carried  over  into  the  wash  bottles  succeeding  it,  was  precipitated 
by  the  addition  of  silver  nitrate,  using  all  the  precautions  adopted  by 
Stas.  In  some  of  the  experiments  the  silver  chloride  was  determined 
gravimetrically.     The  following  table  gives  the  results  obtained : — 


Denomination  of         PdCNHaCl)., 
sample.  taken. 

B  II    1-24276 

RII   1-08722 

RV   1-47666 

RVI 1-34887 

R  VII 1-74569 

Mean. 


Table  IL 

AgCl 
found. 

Atomic 

weight  of  Pd. 

r 
0=1. 

H  =  1. 

1-682249 

6-6771 

106-566 

1-468448 

6-7065 

107-036 

2-000164 

6-6685 

106-430 

1-837957 

6-5900 

105-177 

2-362320 

6-6812 

106-368 

. ..  = 

Q'QQ4^Q 

106-368 
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In  the  calculation  of  these  values  (the  weighings  having  been  cor- 
rected), the  atomic  weights  used  were — 

Ag  =  107-66 

CI     =  35-37 

N     =  14-01 

H     =  1-00 

The  most  cursory  examination  of  these  numbers  shows  that  the 
variations  are  much  greater  than  can  be  accounted  for  by  the 
ordinary  errors  of  experiment,  nor  are  they  attributable  in  any  con- 
siderable degree  to  differences  in  the  composition  of  the  salt  employed 
in  the  determinations.  We  found  as  a  matter  of  fact  that  various 
causes  were  at  work  which  interfered  with  the  accuracy  of  the 
results. 

In  the  first  place,  though  we  interposed  several  wash  bottles, 
columns  of  moistened  glass  wool,  or  even  collected  and  washed  the 
hydrogen  used  in  the  reduction,  small  quantities  of  ammonium 
chloride  were  carried  forward  aud  lost,  and  this  even  when  the 
hydrogen  used  for  the  reduction  was  passed  very  slowly.  Secondly, 
there  is  little  doubt  that  secondary  decompositions  occur  during 
the  process  of  reduction,  and  the  combustion  tubing  used  for  the 
process  was  acted  upon  at  the  moderate  temperatures  employed 
to  a  greater  extent  than  seemed  likely  to  arise  from  the  corrosive 
action  of  ammonium  chloride.  Amongst  others,  Seubert  seems  to 
have  found  the  same  difficulties  in  the  determination  of  chlorine  in 
such  decompositions,  and  thought  the  differences  might  be  due  to 
the  india-rubber  cork  which  he  used,  taking  up  hydrochloric  acid. 
A  remarkable  passage  occurs  in  the  paper  already  referred  to,  in 
which  Berzelius  describes  his  experiments  on  palladium  salts ;  we 
quote  it,  not  only  because  it  bears  directly  on  this  question,  but  alsa 
since  it  is  particularly  suggestive  in  view  of  recent  investigations. 
Speaking  of  the  palladammonium  chloride  which  he  had  prepared,  he 
describes  it  as  a  substance  "  welcher  bei  trockner  Destination  zuerst 
ein  wenig  freies  Ammoniak,  dann  Salzsaiire,  Stickgas  und  endlich 
Salmiak  giebt,  wahrend  reines  metallisches  Palladium  zur  Halfte 
seines  Gewichts  zuriickbleibt.  ■  Dieses  Salz  ist  dem  Mercurius  prceci- 
fitatus  alhus  der  Pharmaceuten  analog,  und  besteht  aus  einem  Atom 
Palladium  chloriir  und  einem  Doppelatome  Ammoniak. 

"  Die  Entstehung  desselben  griindet  sich  darauf,  dass  das  Chlor 
des  Chlortirs  mit  dem  Ammoniak  bildet :  Chlorammonium,  Stickgas 
und  Salzsaiire." 

As  they  stand,  the  results  in  Table  II  point  to  a  value  higher  than 
106  as  the  atomic  weight  of  palladium,  and  so  far  are  in  agreement 
with  the  number  obtained  by  Berzelius,  but,  as  we  shall  see  later,  the 
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value  obtained  from  the  palladiiim  contained  in  tlie  salt  in  experi- 
ments carried  out  with  extreme  care  falls  about  one  unit  lower. 

We  have  tried  the  distillation  of  the  salt  with  pure  caustic  soda,  so 
as  to  determine  the  ammonia  given  otf  and  the  chlorine  remaining  in 
the  residue,  but  the  reaction  is  incomplete,  and  neither  this  nor  any  of 
the  other  methods  which  we  have  thus  far  attempted  have  enabled  us 
to  check  the  results  obtained  in  the  experiments  quoted  above. 
Although  the  numbers  found  are  sufficiently  near  to  indicate  that  the 
salt  has  the  composition  which  has  been  assigned  to  it,  there  can  be 
no  doubt  of  the  desirability  of  an  independent  determination  which 
shall  afford  more  complete  proof  of  its  constancy  of  composition  than 
is  given  in  the  succeeding  experiments. 

Determination  of  Palladium. 

The  tube  in  which  the  reduction  had  been  performed  was  allowed 
to  cool  down  to  considerably  below  a  red  heat,  and  the  hydrogen  was 
then  displaced  by  air.  The  boat  now  containing  the  palladium  was 
withdrawn  and  introduced  into  a  porcelain  tube,  which  was  first  ex- 
hausted and  then  exposed  to  a  red  heat  in  a  charcoal  furnace.  Any 
gases  evolved  were  drawn  off  by  means  of  a  Sprengel  pump,  the  heat- 
ing being  continued  for  about  two  hours,  at  the  end  of  which  time  no 
more  gas  appeared. 

In  order  to  avoid  the  possibility  of  alteration  in  the  boat  itself,  it 
was  wrapped  in  platinum  foil,  and  in  no  case  was  the  boat  found  to 
undergo  loss  of  weight.  Indeed,  a  boat  which  had  been  used  for  a 
number  of  determinations  was  not  found  to  vary  more  than  y^  milli- 
gram. The  palladium  sintered  together,  forming  a  coherent  mass 
resembling  silver  in  appearance,  although  a  little  more  dull.  More 
than  20  determinations  were  made  in  this  way  in  five  series,  two  of 
which  were  with  imperfectly  purified  material.  The  results  of  the 
whole  of  the  determinations  in  the  last  three  series,  except  those 
made  with  the  earlier  and  later  fractions,  are  given  in  the  succeed- 
ing tables.  Series  A  and  B  were  preparations  from  palladium 
obtained  by  a  method  different  from  that  used  in  Series  C. 

Table  III. 
Series  A. 

Denomination  of  Weight  of  Weight  of  Percentage    Atomic  weight, 

fraction.  Pd(NH3Cl)2.  Pd.  of  Pd.  H  =  1. 

DII......  1-890597    0-947995    50-1426    105-353 

D  III 1-874175    0-940271    501698    105-468 

Pd(NH3Cl)2  :  Pd  ::  3-764772  :  1-888266 
Pd  :  O  :  :  6*60463  :  1-000000 
Pd     :  H  : :  105-410    :  1*000000 
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Denomination  of  "Weight  of 

fraction.  Pd(NH3Cl)2. 

E  II   1-807076 

EJII 1-340045 

EIY 1-905536 

EV    1-685582 


Series  B. 

Weight  of 
Pel. 

0-654687 

0-673207 

0-955950 

0-846472 


Percentage 
of  Pd. 

50-0878 
50-2376 
50-1671 
50-2184 


Atomic  weight, 
H  =  L 

105-123 

105-754 

105-359 

105-672 


Pd(NH,Cl)2  :  Pd 
Pd  :    O 

Pd  :   H 


6-238-239 

6-6108 
105-508 


3-130316 

1-000000 
1-000000 


Denomination  of  Weight  of 

fraction.  Pd(NH3Cl)2. 

EII    1-691028 

E  III 2-112580 

F  IV 2-110653 

FV    1-969100 

Pd(NH3Cl)2  :  Pd 
Pd  :   O 

Pd  :   H 


Series  C. 

Weight  of 
Pd. 

0-849120 

1-059690 

1-057910 

0-988155 


Percentage 
of  Pd. 

50-2132 
50-1621 
50-1224 

50-1838 


Atomic  weight, 
H  =  1. 

105-651 

105-435 

105-267 

105-523 


7-883311 
6-60767 
105-458 


3-954875 
1-000000 
1-000000 


Taking  the  mean  of  the  three  series,  we  Lave  : — 

Series  A 105-410 

„      B 105-508 

„      C 105-458 

Mean  =  105-459 

a  value  agreeing  with  Series  C,  on  which  we  have  reason  to  place  fhe 
greatest  reliance. 


The  Weighings. 

The  balance  used  was  by  Oertling,  and  had  already  been  employed 
by  one  of  us  in  the  determination  of  the  atomic  weight  of  zirconium 
and  also  in  other  atomic  weight  determinations  made  at  the  Owens 
College. 

The  readings  were  made  by  means  of  a  telescope,  the  image  of  the 
scale  being  reflected  along  the  line  of  vision  by  niirrors. 

The  stability  and  sensibility  of  the  instrument  may  be  judged  by 
the  fact  that  in  a  series  of  weighings,  extending  over  a  fortnight,  the 
extreme  variation  of  the  zero  point  did  not  exceed  O'S  of  a  division, 
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whilst  the  displacement  produced  by  the  addition  of  a  milligram  was 
11*1  divisions,  and  never  varied  more  than  0*2  of  a  division. 

We  are  of  opinion  that  the  readings  may  be  relied  npon  to  0*25  of  a 
division. 

The  weights  n&ed  were  an  excellent  set  by  Staudinger.  They  had 
several  times  been  carefully  compared,  and  in  the  calculations  allow- 
ance was  made  for  the  slight  inaccuracies  which  had  been  observed 
in  them.  The  boat  and  palladium  were  enclosed  in  a  stoppered  bottle 
and  every  precaution  was  taken  to  avoid  the  absorption  or  condensa- 
tion of  moisture  during  the  operation  of  weighing. 

The  weighings  have  also  been  reduced  to  vacuo.  For  this  purpose, 
the  specific  gravities  of  the  substances  used  were  determined,  and  in 
the  case  of  palladium  in  the  state  in  which  it  occurred  after  reduc- 
tion, the  specific  gravity  was  found  to  be  11*12,  that  of  the  pallad- 
ammonium  chloride  being  2*55. 

In  conclusion,  as  the  atomic  weights  of  the  metals  of  the  platinum 
group  have  now  been  all  redetermined,  it  is  not  inappropriate  to 
place  them  together  for  the  sake  of  comparison  : — 

Ruthenium.  Rhodium.  Palladium.  Silver. 

101*4  102*7  105*5  107*7 

Osmium.  Iridium.  Platinum.  Gold. 

190*3  192*5  194-3  196*8 

The  differences  between  the  members  of  the  same  vertical  series 
are  thus  : — 

88*9  89*8  88-8  89*1 

We  propose  to  make  further  attempts  to  determine  the  chlorine  in 
the  palladammonium  chloride  and  to  ascertain  the  relation  KCl :  Pd  in 
potassium  palladious  chloride.  We,  however,  thought  it  desirable 
that  the  results  already  obtained  should  be  published,  and,  indeed, 
we  regard  them  as  sufficient  to  establish  the  atomic  weight,  at  any 
rate,  with  the  degree  of  accuracy  attainable  in  this  group  of  elements. 
In  conclusion,  we  must  acknowledge  valuable  assistance  from  Mr. 
T.  C.  Moore,  B.Sc,  who  carried  out  most  of  the  preliminary  investiga- 
tions, bnt  was  unable  to  continue  the  work. 

The  Owens  College, 

Manchester. 
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LXVII. — Resolution  of  Lactic  Acid  into  its  Optically  Active 
Oomponents, 

By  T.  PuRDiE,  Ph.D.,  B.Sc,  Assoc.  R.S.M.,  Professor  of  Chemistry 
in  the  United  College,  University  of  St.  Andrews,  and  J.  Wal- 
lace Walker,  M.A. 

Van't  Hoff  relates,  in  the  introdaction  to  his  Chemistry  in  Space , 
that  the  reflections  which  led  him  to  his  theory  of  the  asymmetric 
-carbon  atom  were  suggested  by  the  ideas  of  Wislicenns  on  the  isomer- 
ism of  lactic  and  sarcolactic  acids,  so  that  these  acids  may  be  said  to 
have  played  a  prominent  part  in  the  opening  up  of  the  new  field  of 
stereochemistry.  It  is  noteworthy,  in  view  of  this  fact,  that  only 
quite  recently  has  experimental  evidence  been  obtained  that  inactive 
lactic  acid  is  actually  composed  of  two  oppositely  active  acids,  as 
the  theory  referred  to  demands. 

Lewkowitsch  (Ber.,  16,  2720)  found  that  a  solution  of  ammonium 
lactate  became  dextrogyrate  under  the  action  of  Penicillium  glaucum. 
Schardinger  (Abstr.,  1891,  QQQ)  obtained  a  laevolactic  acid  by  the 
bacterial  decomposition  of  cane  sugar,  the  zinc  salt  of  which  crystal- 
lised with  2  mols.  H^O,  like  zinc  sarcolactate,  and  showed  that  a 
mixture  of  these  two  salts  in  equal  weights  produced  ordinary  zinc 
lactate,  which  crystallises  with  3  mols.  H2O. 

While  the  work  described  in  the  present  paper  was  being  carried 
out,  Linossier  (Ber.,  24,  660)  published  the  results  of  a  repetition 
and  extension  of  Lewkowitsch' s  experiments  on  the  action  of  Peni- 
cillium glaucum  on  lactic  acid.  Contrary  to  the  experience  of  Lew- 
kowitsch, he  found  that  ammonium  lactate  became  laevogyrate  by 
the  growth  of  the  mould ;  from  the  ammonium  salt  he  obtained  a 
solution  of  a  leevogyrate  zinc  salt,  and  from  this  a  solution  of  a 
dextrogyrate  acid. 

These  investigations,  particularly  that  of  Schardinger,  prove  con- 
clusively that  lactic  acid  consists  of  a  dextro-acid,  identical  with 
sarcolactic  acid,  and  of  the  laevogyrate  isomeride,  obtained  as  above 
from  cane  sugar.  For  the  complete  verification,  however,  of  Van't 
Hoff  and  Le  Bel's  theory  in  the  case  of  a  common  substance  like 
lactic  acid,  it  seemed  to  us  desirable  that  direct  analytical  evidence 
of  the  composition  of  the  acid  should  be  supplied,  and  we  therefore 
undertook  the  present  investigation,  the  object  of  which  was  to 
resolve  the  substance  in  question  into  its  constituent  isomerides  by 
the  well-known  methods  discovered  by  Pasteur. 

We  find  that  the  acid  can,  in  fact,  be  decomposed  into  two  oppo- 
sitely active  isomeric  acids  by  means  of  the  strychnine  salt. 
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Preliminary  Experiments. 

Our  first  attempts  were  made  with  cinclionine.  On  dissolving  this 
alkaloid  in  an  aqueous  solution  of  lactic  acid  in  the  proportion  requi- 
site to  form  an  acid  salt,  and  evaporating,  a  jelly  was  formed  which 
refused  to  crystallise.  An  aqueous  solution  of  the  acid  in  which 
cinchonine  was  dissolved  to  neutral  reaction  also  left,  on  evaporation  in 
a  desiccator,  a  gelatinous  residue,  which  did  not  crystallise  from  any 
of  the  usual  solvents.  On  standing  some  days,  however,  radial 
bundles  of  fine  prisms  appeared,  and  ultimately  the  substance  became 
a  mass  of  minute  crystals,  imbedded  in  a  viscid,  dark-coloured  gum. 
The  crystals,  being  readily  soluble  in  all  the  common  solvents,  were 
freed  as  far  as  possible  from  the  uncrystallisable  matter  by  pressure 
between  folds  of  filter-paper.  An  aqueous  solution  of  the  substance, 
from  which  the  cinchonine  had  been  removed  by  precipitation  witU 
ammonia  and  then  concentrated,  gave  a  rotation  of  -|-0"3°  when 
examined  by  the  polarimeter  in  a  22'J  mm.  tube.  It  appears,  there- 
fore, that  the  cinchonine  salt  of  lasvogyrate  lactic  acid  is  more  readily 
erystallisable  than  its  dextrogyrate  isomeride,  and  that  this  difference 
in  properties  might  possibly  be  utilised  for  the  decomposition  of  lactic 
acid  into  its  constituents.  The  effectual  separation  of  the  cinchonine 
salts,  however,  presented  so  much  difiB.culty  that  the  method  was 
abandoned. 

Experiments  were  also  made  with  narcotine,  but  a  crystalline  salt 
of  this  alkaloid  could  not  be  obtained. 

Experiments  made  on  a  small  scale  with  strychnine  gave  a  more 
promising  result,  of  which  the  following  will  serve  as  an  example  : — 
25  grams  of  the  alkaloid  were  treated  with  just  the  quantity  of 
aqueous  lactic  acid  to  effect  solution.  When  the  liquid,  which  was 
only  faintly  acid,  was  evaporated  and  cooled,  it  became  a  thick  paste 
of  minute,  prismatic  crystals,  which,  when  separated  from  the  syrupy 
mother  liquor  by  means  of  a  suction  pump  and  air  dried,  weighed 
7'5  grams.  The  substance  was  dissolved  in  water,  decomposed  by  the 
cautious  addition  of  ammonia,  and  fi^ltered ;  the  fi^ltrate,  after  being 
evaporated  to  20  c.c,  was  again  tested  with  ammonia,  and  gave  no 
further  precipitate  of  strychnine.  It  gave  a  rotation  of  +1'07"  in  a 
220  mm.  tube,  whilst  the  mother  liquor,  containing  the  more  soluble 
portion  of  the  strychnine  salt,  when  similarly  treated,  showed  a  rota- 
tion of  — 1*03°.  When  sodium  carbonate  was  used  instead  of  ammonia 
to  remove  the  alkaloid,  the  solutions  of  the  sodium  salts  exhibited 
similar  optical  activity.  When  the  ammoniam  salt  solutions  were 
digested  with  zinc  oxide  until  ammonia  was  no  longer  evolved,  much 
inactive  zinc  lactate  crystallised  out  on  cooling,  but  the  remaining  zinc 
salt  solutions  still  showed  dextro-  and  leavo-rotatious  respectively.  On 
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evaporating  the  solution  of  dextrogyrate  zinc  lactate,  a  considerable 
quantity  of  zinc  salt  crystallised  in  needles,  and  the  syrupy  liquid 
then  deposited  comparatively  large,  well  formed,  transparent  prisms, 
exhibiting  also  a  dextrorotation.  These  crystals  were  found  to  con- 
tain both  zinc  and  ammonia,  and  subsequent  analysis  proved  them  to 
be  a  zinc  ammonium  salt  of  definite  composition.  The  concentrated 
solution  of  the  laevogyrate  zinc  salt  also  deposited  crystals  exactly 
similar  in  appearance,  mixed,  however,  with  much  larger  quantities 
of  inactive  zinc  lactate. 

Further  experiments  showed  that  the  amount  of  strychnine  salt 
which  crystallised  depended  only  on  the  extent  to  which  the  solu- 
tion was  evaporated,  and  that  when  the  salt  which  was  first  deposited 
was  recrystallised,  though  reduced  by  the  process  to  half  its  weight, 
it  nevertheless  yielded  a  more  optically  active  liquid  when  decom- 
posed. It  thus  appeared  that  the  strychnine  salts  of  both  acids  were 
crystallisable,  that  which  yielded  the  laevogyrate  salts  (presumably 
sarcolactates)  being,  however,  the  more  soluble  of  the  two,  and  that, 
consequently,  the  solutions  obtained  from  the  strychnine  salts  were 
mixtures  respectively  of  dextro-  and  Isevo-,  with  probably  larger  quan- 
tities of  inactive  lactate.  It  was,  therefore,  evident  that  systematic 
crystallisation  of  the  strychnine  salt  would  be  required  in  order  to 
separate  the  two  active  acids. 

The  Ipctic  acid  used  in  our  experiments  was  the  syrup  (sp.  gr. 
1*21)  prepared  by  Kahlbaum.  When  examined  in  the  polarimeter  in 
the  concentrated  form,  and  also  when  diluted  with  an  equal  volume  of 
water,  no  activity  could  be  detected.  By  titration  with  standard 
alkali  according  to  Wislicenus'  method  (Annalen,  164, 184),  we  found 
that  the  solution  contained  55"9  per  cent,  of  lactic  acid  and  31*1  per 
cent,  of  the  monobasic  anhydride.  The  quantity  of  strychnine  re- 
quired to  make  a  neutral  solution  indicated  that  the  anhydride  was 
not  decomposed  into  lactic  acid  by  the  alkaloid.  In  order  to  avoid 
complications  arising  from  this  fact  in  the  larger  experiments  to  be 
described,  we  took  the  precaution  of  boiling  the  acid  syrup  after 
dilution  with  water  to  ten  times  its  volume,  until  all  the  anhydride 
was  converted  into  acid. 

Wislicenus  {Annalen,  164,  182,  196)  showed  that  monobasic  lactic 
anhydride  is  readily  converted  into  lactic  acid  by  alkalis,  although  it 
may  be  left  for  a  long  time  in  contact  with  water  at  the  ordinary 
temperature  without  undergoing  complete  conversion.  We  find  no 
precise  data  regarding  the  conditions  under  which  the  anhydride  is 
converted  into  acid  by  heating  with  water,  so  the  following  results 
may  be  mentioned.  A  series  of  separate  experiments  showed  that 
when  the  syrup,  containing  31 '1  percent,  by  weight  of  the  anhydride, 
was  diluted  to  ten  times  its  volume  with  water  and  boiled,  using  a 
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reflux  condenser,  the  quantity  of  anhydride,  calculated  on  the  weight 
of  syrup  taken,  was  reduced  in  half  an  hour  to  23*6  per  cent.,  in  1|- 
hours  to  16*3  per  cent.,  and,  after  six  hours  boiling  was  entirely  con- 
verted into  acid. 


Larger  lUxperimevts  with  Strychnine. 

460  grams  of  strychnine  were  dissolved  in  just  the  quantity  of 
lactic  acid  required  for  solution,  namely,  1350  c.c.  of  a  solution  of  the 
acid  prepared  as  above.  The  solution  was  neutral,  and  the  acid  and 
alkaloid,  it  was  found  on  calculation,  had  acted  in  almost  molecular 
proportion.  The  liquid  was  then  subjected  to  systematic  fractional 
crystallisation,  the  crystalline  solid,  being  in  each  case  separated,  as 
far  as  practicable,  from  the  syrupy  liquid  with  the  aid  of  the  suction 
pump,  and  pressed  in  folds  of  filter-paper.  The  compound  readily 
gave  off  water  when  heated,  and  no  definite  melting  point  could  be 
obtained;  but  with  successive  crystallisations  the  solubility  of  the 
f-eparated  substance  decreased  very  decidedly.  Ultimately  three  crops 
of  crystals  and  seven  mother  liquors  were  obtained.  The  three  crops 
of  crystals,  Ci,  C^,  and  C3,  in  order  of  increasing  solubility,  had  been 
crystallised  respectively  five,  six,  and  seven  times,  their  respective 
weights,  air  dried,  being  61"5,  22,  and  31*5  grams.  The  crops  of 
crystals  were  dissolved  separately  in  water,  and  the  strychnine  was 
precipitated  by  the  addition  of  ammonia  in  very  slight  excess.  The 
fiiltrates  were  evaporated  to  a  small  bulk,  again  neutralised  with 
a^mmonia,  and  allowed  to  stand,  any  small  quantity  of  strychnine 
which  separated  being  filtered  off.  The  solution  from  Ci  was  made 
up  to  50  c.c,  and  the  other  two  solutions  to  such  volumes  that  all 
three  were  of  the  same  concentration.  The  three  solutions  in  order 
gave  the  following  rotations  in  a  200  mm.  tube:  +5'46'',  +483°, 
and  -1-33°. 

LcBvolactic  Acid. 

The  composition  and  chemical  properties  of  this  acid  and  its  salts 
should  from  all  analogy  be  identical  with  those  of  sarcolactic  acid 
(dextrolactic  acid).  As  among  the  few  sarcolactates  which  have 
been  investigated  with  any  degree  of  accuracy,  the  zinc  compound  is 
the  best  known  and  best  characterised,  our  experiments  with  the 
optically  active  lactic  acids  have  been  for  the  present  chiefly  confined 
to  this  salt.  Besides  the  well-established  difference  in  the  amount  of 
water  of  crystallisation  of  zinc  sarcolactate  and  ordinary  zinc  lactate, 
the  investigations  of  Wislicenus  have  shown  that  the  former  is  about 
three  times  as  soluble  in  water  as  the  latter,  and  the  same  ought  to 
hold  true  of  course  for  zinc  loevolactate. 
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Zinc  Loevolactate. — With  the  view  of  obtaining  this  salt,  the  dextro- 
gyrate ammonium  salt  solution  from  Ci  was  boiled  with  zinc  oxido 
until  ammonia  had  almost  ceased  to  be  evolved,  and  then  filtered  and 
evaporated.  Three  crops  of  crystals  were  obtained  weighing- 
respectively  9'7,  5,  and  I'l  grams ;  the  first  proved  to  be  the  approxi- 
mately pure  zinc  salt  of  laevolactic  acid,  the  second  the  same  sub- 
stance mixed  with  more  inactive  zinc  lactate,  and  the  third,  which 
crystallised  in  large  and  well-defined  crystals,  a  double  zinc  am- 
monium salt. 

The  zinc  salt,  weighing  9'7  grams,  was  recrystallised,  dried  between 
folds  of  filter-paper,  and  then  subjected  to  analysis  and  examined  by 
the  polarlmeter  with  the  results  which  are  appended  below.  The 
water  of  crystallisation* was  estimated  by  heating  the  salt  in  a  plat- 
inum crucible  at  105°  until  absolutely  constant  in  weight ;  it  was 
found  that  no  further  loss  was  undergone  by  heating  it  to  180°.  The 
zinc  was  estimated  by  careful  incineration. 

I.  0'6605  gram  of  substance  heated  at  105°  lost  0'0875  grara,  and 
yielded  O'lQOS  gram  ZnO. 
II.  0'6943  gram  of  substance  heated  at  105°  lost  0*0915  gram. 

III.  02998  gram  of  the  residual  salt  from  II  gave  on  combustion 

in  oxygen  O'llSO  gram  H2O,  0-3221  gram  CO2,  and  00994 
gram  ZnO. 

IV.  0"2955  gram  of  the  residual  salt  from  II  gave  on  combustion 

in  oxygen  0'1087  gram  H,0  and  0*3180  gram  COo. 

Found, 

Calculated  for  ^ " >( 

C6Hio06Zn,2H20.  I.  II. 

H2O 12-90  13-25         1318 

Zii   23-30  23-18  — 

Found. 

Calculated  for  ^ '• ^ 

CeHioOgZn.  III.  IV. 

C 29*63  29*30       29*35 

H 4-12  4*19        4*09 

Zn 26*75  26*61         — 

As  a  control  experiment,  a  specimen  of  zinc  salt  was  prepared 
from  the  original  lactic  acid  by  treating  it  with  zinc  oxide,  and  a 
portion  of  the  salt  was  heated  in  the  air-bath  at  105°  simultane- 
ously with  the  optically  active  salt  the  analysis  of  which  is  given 
above. 

0*7017  gram  of  the  substance  lost  0*1276  gram  H2O,  and  yielded 
on  incineration  0*1918  gram  ZnO. 
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H,0. 
Zn... 

Calculated  for 
CgHioOfiZn.SHaO. 

18-18 

21-89 

Found. 

18-18 
21-93 

In  determining  the  specific  rotation  of  the  active  zinc  salt,  1-9240 
gram,  was  dissolved  in  water  and  the  solution  made  up  to  20"06  c.c, 
and  the  following  results  obtained  : — 

a[ll°]  =  +1-08^  Z  =  200mm.;  0=9-591;  ^m 74"  =  1-0449; 

hence 

M^  =  -2x  9-591=  -^^^^- 

The  zinc  salt  made  direct  from  the  original  lactic  acid  was  inactive. 
The  polarimeter  used  throughout  in  our  experiments  was  a  half-shadow 
instrument  of  the  Laurent  form,  admitting  of  readings  to  single 
minutes. 

The  analyses  given  show  that  the  zinc  laevolactat-e  has  the  same 
composition  as  zinc  sarcolactate.  The  estimations  of  the  water  of 
crystallisation  are  slightly  higher  than  the  calculated  numbers,  and 
indicate  that  the  substance  was  not  free  from  inactive  salt,  which  is 
also  confirmed  by  the  specific  rotation.  The  specifi^c  rotation  of  zinc 
sarcolactate  varies  with  the  concentration  ;  the  number  found  by  Wisli- 
cenus  for  this  salt  (Annalen,  167,  332)  for  a  strength  of  solution 
approximating  to  that  we  used  was  —6-36°.  If  the  quantity  of  in- 
active salt  probably  present  be  calculated  from  the  estimation  of 
water  of  crystallisation,  and  a  corresponding  allowance  made,  then 
the  specific  rotation  would  approach  pretty  closely  to  the  number 
found  by  W^islicenus. 

Owing  to  the  facility  with  which  the  zinc  lactates  form  super- 
saturated solutions,  estimations  of  solubility  vary  within  wide  limits 
accordin":  to  the  length  of  time  the  solutions  are  allowed  to  stand. 
Wislicenus  states  (lor.  cit.)  that  the  solubilities  of  zinc  lactate  and 
sarcolactate  at  14 — 15°  may  be  taken  respectively  as  about  1*7  and 
5-7  parts  hydrated  salt  in  luO  parts  of  water.  We  made  comparative 
experiments  on  the  solubility  of  ordinary  zinc  lactate  and  the  zinc 
leevolactate,  described  above,  by  dissolving  2  grams  of  each  in  15  c.c. 
of  water  with  the  aid  of  heat,  and  then  leaving  the  solutions  to  stand 
close  together  for  about  6  weeks,  the  temperature  varying  from  10°  to 
18°.  62970  grams  of  the  solution  of  the  active  salt  left  on  evapora- 
tion and  incineration  of  the  residue  0-0878  gram  ZnO,  whilst  5-2733 
grams  of  solution  of  the  inactive  salt  gave  0-0229  gram  ZnO ;  the 
solubilities  of  the  hydrated  salts  are,  therefore, 
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luactive  zinc  lactate 1*62  :  100 

Zinc  IfiBvolactate 5'05  :  lUO 

results  which  agree  as  closely  with  the  numbers  quoted  above  as 
could  be  expected.  The  solubility  of  zinc  laevolactate,  therefore,  is 
the  same  as  that  of  the  sarcolactate. 

As  a  determination  of  the  water  of  crystallisation  in  the  second 
crop  of  crystals,  weighing  5  grams,  gave  the  number  14i*45  per  cent., 
it  evidently  contained  more  inactive  salt  than  the  first  crop,  and  it 
seemed,  therefore,  unlikely  that  a  purer  salt  would  be  got  by  re- 
crystallisation. 

Zinc  Ammonium  Lcevolactate. — We  found  this  salt,  as  already 
stated,  in  the  mother  liquor  of  the  zinc  lievolactate,  the  boiling  with 
zinc  oxide  not  having  sufficed  to  decompose  the  whole  of  the  am- 
monium salt.  As  the  substance  formed  comparatively  large  well- 
defined  crystals,  and  no  corresponding  compound  of  inactive  lactic 
acid  seemed  to  have  been  observed,  we  prepared  the  salt  with  the 
view  of  procuring  from  it,  if  possible,  a  laevolactate  free  from  inac- 
tive salt. 

I'l  gram  of  the  salt  was  got,  as  already  stated,  from  the  mother 
liquor  of  the  zinc  lcevolactate,  the  analyses  and  specific  rotations  of 
which  have  been  given.  A  second  portion  of  2'25  grams  was  ob- 
tained by  decomposing  with  zinc  oxide  half  of  the  ammonium  salt 
from  the  crop  of  strychnine  lactate  Cs,  and  adding  the  zinc  laevolactate 
thus  obtained  to  the  remaining  half  of  the  ammonium  salt  solution. 
A  third  portion  of  3  grams  was  prepared  by  decomposing  one  half  of 
the  residue  of  the  zinc  laevolactate,  the  analyses  of  which  have  been 
given,  with  sulphuretted  hydrogen,  neutralising  the  resulting  acid 
with  ammonia,  and  aading  this  to  the  remaining  half  of  the  zinc 
fealt. 

These  solutions  were  evaporated  to  a  s^^rupy  consistency  without 
any  zinc  salt  crystallising,  but  on  adding  a  crystal  of  zinc  ammonium 
salt,  transparent,  short,  well-defined  prisms  were  at  once  produced. 
The  substance  having  been  freed  from  adhering  syrup  by  means  of 
filter  paper  was  subjected  to  analysis  with  the  following  results  : — 

I,  0*7920  gram  of  substance  gave  0*1655  gram  ZnO. 
II.  0*3157  gram  of  substance  gave  0*1752  gram  HgO,  0*3222  gram 
CO2,  and  0*0668  gram  ZnO. 
III.  0*288.5  gram  of  substance  gave  0*1582  gram  H2O,  0*2955  gram 
CO2,  and  0*0605  gram  ZnO. 
0*2840  gram  of  substance  gave  by  combustion  9*2  c.c.  N.  at  14° 
and  750*1  mm.  bar. 
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Found. 

Calculated  for  ( ^ ^ 

C9Hi50s,ZnNH4,2H20.  I.                XL  III. 

C  27-98  —          27-83  27-95 

H 5-96  —            607  6-10 

K   3-63  —             —  3-82 

Zn 16-S4  16-77        16-98  1684 

The  substance  is,  therefore,  a  double  lactate  of  zinc  and  ammonium 
crystallising  with  2  mols.  HgO.  A  direct  estimation  of  the  water  of 
crystallisation  was  not  obtained,  as  ammonia  was  given  oft*  when  the 
substance  was  heated.  The  salt  is  readily  soluble  in  water,  but  can- 
not be  recrystallised ;  on  warming  the  solution,  or  even  on  evapora- 
tion at  the  ordinary  temperature,  it  becomes  acid  from  escape  of  am- 
monia, and  zinc  salt  is  gradually  deposited.  When  excess  of  the 
ammonium  salt,  however,  is  present,  a  supersaturated  solution  may 
be  produced  by  evaporation  without  the  separation  of  zinc  salt  taking 
place. 

Determinations  of  the  specific  rotation  gave  the  following  re- 
sults : — 

I.  a[13°]  =  +0-89°;    I  =  200  mm.;    jp  =  7-7804;    d  1374°  = 

1-0313;  hence  [aj^  = 0-89  X  1^0  ^  +5-54. 

'-  ^  2  X  7-78U4  X  1-U313 

11.  a[ir]  =    +1-02°;    I  =  200  mm.;   p  =  8-6225;    a?  ll°/4"  = 

1-0364;  hence  [aj^  =  ^ I'Q^  x   100  ^  +5-71°. 

*-  ^         2  X  8-t)z25  X  1-0364 

III.  a[18°]   =  +1-16°;    I  =  200  mm.;    p  =  8-6305;    d  1874°  = 

1-0350;  hence  [a]^  =  _ ^^T^^-^-j^^^  =  +6-49°. 

2  X  8-b305  X  1-0350 

a[18°J  =  +0-85°;    I  =  200  mm.;   p  =  5-8669;    d  1874"  = 

1-0240;  hence  [oc^  = ^if^^^^  =  ^7-07°. 

*  '-  -         2  X  5-8669  X  1-0240 

The  specific  rotations  of  1,  II,  and  III  were  taken  on  different  pre- 
parations of  the  salt.  The  two  determinations  on  Preparation  III, 
which  was,  no  doubt,  the  purest,  show  that  the  specific  rotation 
increases  with  decreasing  concentration,  as  is  the  case  with  zinc 
sarcolactate.  The  specific  rotations  found  for  II  and  111  indicate 
that  these  substances  still  contained  some  inactive  salt,  whether  mixed 
or  chemically  combined  with  the  active  constituents,  it  is  impossible 
to  say.  Inactive  zinc  and  ammonium  lactates  do  not  seem  to  form 
any  compound  similar  to  that  which  has  been  described.  The  methods 
by  which  the  active  compound  was  prepared  yielded  no  crystalline 


762       PURDIE   AND   WALKER:   RESOLUTION  OF  LACTIC  ACID 

double  salt  when  inactive  salts  were  used.  A  dilute,  hot  solution 
of  the  latter  deposits  zinc  lactate  on  cooling ;  a  warm,  concentrated 
solution  of  ammonium  lactate  will  dissolve  large  quantities  of  zinc 
lactate,  which  the  syrup  still  retains  in  solution  on  cooling,  but  on 
longer  standing,  or  with  stirring,  zinc  lactate  separates. 

The  remaining  portion  of  Preparation  III  of  the  zinc  ammonium  salt 
was  converted  into  the  zinc  salt,  with  the  view  of  obtaining  a  purer 
specimen  of  this  substance.  The  zinc  was  removed  as  far  as  possible, 
by  means  of  sulphuretted  hydrogen,  and  the  ammonia  then  driven 
ofl:  by  heating  the  filtered  solution  with  a  slight  excess  of  barium 
hydrate.  Sulphuric  acid  was  added  in  quantity  nearly  equivalent  to 
the  barium  hydrate  used,  and  the  filtered  solution  evaporated  to  a 
syrup,  and  extracted  with  ether.  After  evaporating  oft'  the  ether, 
the  acid  was  dissolved  in  water,  and  converted  into  the  zinc  salt  in 
the  usual  manner.  A  determination  of  the  specitic  rotation  is 
appended  : — 

a[I7°]  =  -t-0-88°;    I  =  200  mm. ;  p  =  6-7510;    d  1774°  = 

1-0318;  hence  [.].  =  -^1%^^;^^,  =  +6-32». 

This  result  is  still  considerably  lower  than  that  found  by  Wislicenus 
with  solutions  of  zinc  sarcolactate  of  similar  concentration.  An  esti- 
mation of  the  water  of  crystallisation  in  another  portion  of  the  salt 
gave  the  result  1330,  the  number  calculated  for  2H2O  being  12'90. 

Lcevoladic  Acid. — The  activity  of  sarcolactic  acid  is  in  the  opposite 
sense  to  that  of  its  salts.  The  same  holds  true  for  Isevolactic  acid. 
A  solution  of  zinc  salt,  which  gave  a  rotation  of  -f-l'OS"  in  a  200  mm. 
tube,  was  decomposed  with  sulphuretted  hydrogen,  filtered,  and  made 
u^  to  the  same  volume,  when  it  was  found  to  give  a  rotation  of 
-0-27". 

Like  sarcolactic  acid,  laevolactic  acid  readily  forms  an  anhydride, 
the  activity  of  which  is  in  the  opposite  sense  to  that  of  the  acid. 
The  solution  just  referred  to  was  evaporated,  and  the  acid  separated 
from  a  small  quantity  of  undecomposed  zinc  salt  by  extraction  with 
ether.  The  syrup  left  from  the  ethereal  extract  was  dissolved  in  water 
just  sufficient  to  fill  a  100  mm.  tube  ;  it  was  inactive.  After  standing 
three  weeks,  and  being  diluted  so  as  to  fill  a  200  mm.  tube,  it  gave 
the  original  rotation  — 0'27°. 

Dexti'olactic  Acid. — It  has  been  already  stated  that  of  the  three 
crops  of  crystals  of  strychnine  salt,  the  first  and  second  yielded  a 
dextrogyrate,  the  third  a  laevogyrate  ammonium  salt.  The  weight 
of  the  first  two  crops  together  amounted  only  to  about  14|  per  cent, 
of  the  weight  of  acid  and  alkaloid  used,  so  it  was  evident  that  the 
mother  liquors  must   contain,  besides  the  salt  of  the  dextro-acid,  a 
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large  qnantity  of  the  salt  of  the  Isevo-acid,  the  elimination  of  which 
was  only  to  be  effected  by  fractional  crystallisation.  As  the  process 
proved  extremely  tedious,  and  offered  little  promise  of  success,  it  was 
ultimately  abandoned,  and  the  various  mother  liquors,  without 
further  separation  of  the  mixed  salts,  were  decomposed  separately 
by  the  addition  of  barium  hydrate.  The  filtered  solutions,  from  which 
the  excess  of  barium  hydrate  had  been  removed  by  carbonic  anhydr- 
ide, were  next  concentrated  to  a  small  bulk,  and,  after  standing, 
again  filtered  from  small  quantities  of  the  alkaloid,  which  separated. 
Each  of  the  solutions  gave,  as  was  expected,  a  laevo-rotation.  They 
were  then  mixed  together,  and  treated  with  slightly  less  than  the 
quantity  of  standard  sulphuric  acid  requisite  to  precipitate  the 
barium.  The  filtered  liquid  was  evaporated  to  a  syrup,  from  which 
the  lactic  acid  was  extracted  with  ether.  The  residue  from  the 
ethereal  extract,  after  evaporation,  was  dissolved  in  water,  and  con- 
verted into  a  solution  of  the  zinc  salt  in  the  usual  manner,  from 
which,  on  cooling,  large  quantities  of  inactive  zinc  lactate  separated. 

Zinc  Bextrolactate. — By  successive  crystallisations  of  the  liquid 
mentioned,  and  extraction  of  the  more  soluble  part  of  the  various 
crops  of  crystals,  a  solution  was  ultimately  obtained  which  yielded 
two  portions  of  crystals  weighing  2|  grams  and  1*9  grams  respec- 
tively. 

The  following  analyses  and  determinations  of  specific  rotation 
showed  them  to  consist  mainly  of  zinc  dextrolactate  : — ■ 

0'4178  gram  of  the  first  crop,  on  heating  at  105°  till  constant  in 
weight,  lost  0*0566  gram,  and  yielded  0"1209  gram  ZnO,  corre- 
sponding to  1355  per  cent,  of  water,  and  23'22  per  cent,  of 
zinc,  instead  of  the  numbers  12'90  and  23*29  calculated  for  the 
salt  containing  2H2O. 

A  defermination  of  the  specific  rotation  was  made,  with  the  follow- 
ing result : — 

a[16°]  =  -  1-01°;  I  =  200  mm. ;  p  =  9-1351 ;  d  1674°  = 

1-0427;  hence  M„  =  ^-JO^^-^tg^^-^  =  -5-32». 

The  second  crop  proved  to  be  purer,  as  is  shown  by  the  specific 
rotation : — 

a[18**]  =  -1-08°;  I  =  200  mm. ;  p  =  90823;  d  1874*'  = 

10413;  hence  [.]„  =  ,-^,^^,^  =  -^1"- 

The  specific  rotation  found  for  a  solution  of  the  dextrogyrate  zinc 
salt  of  similar  concentration  was  4-563°. 
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Zinc  Ammonium  Dextrolactate. — This  salt  was  prepared  by  the 
same  methods,  which  yielded  the  corresponding  salt  of  the  Isevo-acid. 
It  crystallised  in  the  same  manner  from  supersaturated  solutions,  and 
had  the  same  chemical  composition.  An  estimation  of  zinc  gave 
16-92  per  cent.,  the  calculated  percentage  being  16"84.  The  solution 
from  which  the  salt  was  prepared  was  known  to  contain  a  consider- 
able amount  of  inactive  substance,  and,  as  our  experience  with  the 
corresponding  salt  of  the  Isevo-acid  led  us  to  expect,  the  specific  rota- 
tion was  low.  The  number  was  —  6'28°,  that  for  the  purer  laevolactate 
of  similar  concentration  being  +  7'07°. 

Dextrolactic  Acid. — The  laevogyrate  zinc  salts,  which  have  been 
described,  yielded,  as  was  expected,  a  dextrogyrate  acid.  The  acid 
obtained  from  a  laevogyrate  barium  salt  solution  made  up  to  13  c.c. 
gave  a  rotation  of  +  0'27°.  When  this  acid  was  converted  into  zinc 
salt,  and  the  solution  made  up  to  25  c.c,  it  exhibited  a  rotation  of 
-0-58°. 


Confirmatory  JExpeririients. 

The  following  experiment  was  made  to  show  that,  when  lactic  acid 
is  resolved  into  its  optically  active  isomerides  by  means  of  their 
strychnine  salts,  the  quantities  of  the  latter  which  are  separated 
from  each  other  possess  equal  optical  activity.  70  grams  of  lactic 
acid  syrup  were  converted  into  a  solution  of  strychnine  salt,  as 
already  described,  and  from  this  a  crop  of  crystals  was  obtained  by 
evaporation.  The  crystalline  strychnine  salt  and  its  mother  liquor 
were  converted  into  their  barium  salts  by  barium  hydrate,  and  the 
liquids  were  shaken  with  chloroform  to  remove  any  strychnine  which 
remained.  As  the  solutions  were  too  highly  coloured  for  examina- 
tion, they  were  diluted  to  250  c.c.  The  rotations  then  exhibited  in  a 
200  mm.,  tube  were  +0'45°  and  —0*45°  respectively. 

Our  experiments  show  that  inactive  lactic  acid  can  be  resolved 
into  two  optically  active  isomeric  acids,  the  zinc  salts  of  which  both 
crystallise  with  2  mols.  HoO.  By  mixing  equal  weights  of  these  in 
solution,  inactive  zinc  lactate,  crystallising  with  3  mols.  H3O,  should 
be  produced.  We  find  that  this  is  in  fact  the  case.  We  dissolved 
separately  1*2  gram  each  of  the  dextro-  and  laevo-gyrate  zinc  salts 
from  our  purest  preparations,  of  which  the  estimations  of  water  and 
specific  rotation  have  been  given,  in  such  quantities  of  water  as  to 
form  saturated  solutions.  No  salt  separated  from  the  liquids  on 
standing  some  hours,  or  on  stirring.  But  when  the  solutions  were 
mixed  at  the  ordinary  temperature  and  stirred,  the  liquid  became 
turbid  almost  instantaneously,  and  in  a  few  minutes  a  heavy  preci- 
pitate of  crystalline  needles  subsided,  which,  on  being  separated  and 
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dried,  weighed  over  1  gram.  A  saturated  solution  of  the  crystals 
was  found  to  be  absolutely  inactive,  and  the  composition  of  the  sub- 
stance was  identical  with  that  oji  ordinary  zinc  lactate. 

0-8925  gram  lost  at  105°  0*1626  gram  H2O,  and  yielded  on  inciner- 
ation 0  2434  gram  ZnO. 

Calculated  for 

C6Hio06Zn,3H20.  Found. 

H2O 1818  18-22 

Zn 21-89  21-88 

Our  experiments  show  that  fermentation  lactic  acid  can  be  resolved 
into  two  oppositely  active  acids,  one  of  which  is  identical  with  sarco- 
lactic  acid,  the  other  with  the  laevorotatory  acid  produced,  as  already 
referred  to,  by  the  bacterial  decomposition  of  cane  sugar. 


LXVIII. — Some  Homonucleal  Tri-derivatives  of  Najohthalene. 

By  Raphael  Meldola,  F.R.S.,  and  C.  H.  Desch. 

When  parabromo-a-acetonaphthalide  is  nitrated  in  acetic  acid 
solution,  it  readily  forms  a  homonucleal  mononitro-derivative  (Lie- 
bermann  and  Scheiding  (Annalen,  183,  258).  The  nitro-group  is 
ortho-  to  the  acetamido-group  in  this  compound,  as  is  shown  by  its 
yielding  an  anhydro-base  on  reduction  (Meldola,  Trans.,  1885,  47, 
505).*  The  nitrobromo-a-acetonaphthalide  is  easily  and  quantita- 
tively hydrolysed  into  the  nitrobromo-a-naphthylamine, 

NH2  :  NO2  :  Br  =  1  :  2  :  4, 

by  means  of  sulphuric  acid  {ibid.,  p.  500). 

*  At  the  time  of  the  researches  above  referred  to,  I  was  led  to  the  conclusion 
that  when  the  mixed  nitro-derivatives  obtained  by  nitrating  o-acetonaphthalide  in 
acetic  acid  (Liebermann's  method)  are  brominated,  it  is  the  paranitro- compound 
only  which  is  attacked.  This  conclusion  was  based  on  a  supposed  isomerism  of  the 
nitrobromo-derivative,  which  apparently  differed  in  melting  point  from  Liebermann's. 
But  the  isomerism  was  more  especially  inferred  from  the  observation  that  the 
dibromonaphthylamine  obtained  from  this  compound  by  hydrolysis,  replacement  of 
NH2  by  H,  reduction,  acetylation,  bromination,  and  hydrolysis  gave  a  bromophthalic 
acid  by  oxidation  {loc.  cit.,  p.  511).  Liebermann  and  Scheiding's  compound  by 
similar  treatment  gave  a  dibromonaphthylamine  which  gave  doubtful  results  on 
oxidation  {loe.  cit.,  p.  515).  Bioth  dibronionaphthylamines  gave  the  same  dibromo- 
liaphthalene  by  the  diazo-reaction.  I  had  always  intended  to  repeat  these  experi- 
ments in  order  to  clear  up  the  discrepancy,  but  as  my  colleague,  Dr.  Armstrong,  was 
engaged  in  a  detailed  study  of  the  naphthalene  derivatives  with  a  view  to  settle  the 
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Some  years  ago  experiments  were  commenced  by  one  of  the 
authors  of  this  note  with  the  object  of  ascertaining  whether  in  homo- 
nucleal  tri- derivatives  the  hydrogen  in  the  second  y3-position  could 
be  substituted  by  NO2,  so  as  to  produce  homonucleal  tetr a- derivatives 
from  which  the  missing  di-^-quinone  might  possibly  be  prepared.  It 
was  thought  that  if  the  quinone  itself  could  not  exist,  its  di-haloid 
derivatives  of  the  type  CioH4Br202  [Br  :  0  :  0  :  Br  =  1  :  2  :  3  :  4] 
might  be  more  stable.  The  discovery  of  tetrabromo-  and  tetrachloro- 
ortho-benzoquinone  by  Zincke  in  1887  (Ber.,  20,  1776)  gave 
encouragement  to  continue  the  work  in  this  direction.  As  a  pre- 
liminary step,  it  was  attempted  to  replace  the  amido-group  in  the 
nitrobromonaphthylamine  by  bromine  by  decomposing  the  diazo- 
perbromide,  CioH5Br(N02)'N2*Br3,  in  the  usual  way.  It  was  found, 
however,  that  by  this  method  the  nitro-group  was  also  replaced  by 
bromine,  and  the  product  consisted  only  of  the  tribromonaphthalene 
(m.  p.  113 — 114°)  previously  described  by  one  of  us  (Trans.,  1883, 
43,  4).  About  the  same  time,  and  quite  independently,  the  same 
result  was  announced  by  Prager  (Ber.,  1885,  18,  2163).  This  author 
farther  stated  in  his  paper  that  the  amido-group  in  the  nitrobromo- 
naphthylamine could  not  be  replaced  by  bromine  by  Sandmeyer's 
modification  of  the  diazo-reaction.  Accepting  Prager's  statement 
as  correct,  the  experiments  were  accordingly  abandoned. 

orientation  ol  the  suhstituents  in  the  di-  and  tri-chloro  and  di-  and  tribromo-deriva- 
tives,  this  field  was  left  to  him.  In  a  recent  communication  by  Armstrong  and 
Rossiter  (Proc,  No.  104,  7,  186),  these  authors  have  shown  that  the  product  of 
the  action  of  bromine  on  the  mixed  nitro-a-acetonaphthalides  is  identical  and  not 
isomeric  with  Liebermann  and  Scheiding's  compound,  and  that  it  is  therefore  the 
ortho-  and  not  the  para-compound  which  is  attacked,  as  I  had  originally  supposed. 
They  hare  also  shown  that  the  two  bromonaphthalenes  are  identical,  being  the  1 : 4- 
modification  (m.  p.  82 — 83°).  These  results,  which  I  have  since  repeated  with  the 
assistance  of  Mr.  E.  M.  Hawkins,  and  can  now  corroborate,  are  instructive  as  en- 
forcing the  conclusion  to  which  I  was  led  seven  years  ago,  that  in  the  study  of 
isomeric  naphthalene  derivatives,  melting  points  are  of  little  or  no  value  (loc.  cit.y. 
p.  516),  All  subsequent  experience  has  confirmed  this.  It  appears  also  that  oxida- 
tion with  nitric  acid  gives  very  uncertain  information  respecting  the  homo-  or 
heteronucleal  character  in  many  cases.  These  and  other  difiiculties  which  the  in- 
vestigator of  naphthalene  derivatives  has  to  guard  against  are  pointed  out  by  Arm- 
strong and  Eossiter  in  another  note  (Proc,  No.  104,  7,  182).  The  effect  of  the 
revision  of  the  work  by  these  authors  is  to  remove  my  bromonaphthylamine  (m.  p. 
62°)  and  its  derived  compounds  from  the  list  of  naphthalene  derivatives.  I  am 
glad  of  the  present  opportunity  of  preventing  the  perpetuation  of  these  compounds 
in  chemical  literature.  I  may  also  take  occasion  to  remark  that  the  1 :  l'-(peri)di- 
bromonaphthalene  which  formed  the  object  of  the  investigation  by  Armstrong  and 
Eossiter  referred  to  above  has  recently  been  obtained  by  me  in  conjunction  with 
Mr.  F.  W.  Streatfeild  from  the  1  : 1'-nitronaphthylamine.  The  melting  point  of 
peri-dibromonaphthalene  is  108"5 — 109*^.  Details  concerning  this  and  other  peri- 
di-derivatives  will  be  given  wh  en  our  investigations  are  more  complete. — E.  M. 
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Having  recently  had  occasion  to  prepare  a  quantity  of  the  nitro- 
bromonaphthy] amine,  it  appeared  worth  while  to  try  whether  a 
feebler  acid  like  iodhydric  acid  would  enable  the  N'Ha  group  to  be  re- 
placed by  iodine,  without  at  the  same  time  replacing  the  1^02  group. 
The  nitrobromonapbthylaraine  was  dissolved  in  strong  sulphuric 
acid,  the  solution  diluted  with  a  little  water,  and  when  cold  diazot- 
ised  in  the  usual  way.  The  solution  of  the  diazo-salt  was  filtered 
into  a  solution  containing  the  calculated  quantity  of  potassium  iodide. 
Decomposition  occurs  at  ordinary  temperatures  with  the  evolution  of 
nitrogen,  and  the  reaction  is  completed  by  gently  heating  for  some 
time  till  no  more  gas  is  evolved.  The  resinous-looking  product  was 
washed  with  water,  and  then  crystallised  repeatedly  from  alcohol 
with  the  addition  of  animal  charcoal.  The  purified  compound  con- 
sisted of  small,  ochreous  needles,  melting  at  117 — 118°.  Analysis 
showed  that  the  desired  substitution  had  taken  place : — 

0"4819  gram  gave  15'3  c.c.  moist  N"  at  15"6  and  764'9  mm.  bar. 
0-2982  „         0-3344  gram  mixed  AgBr  and  Agl. 


CioHsIBr-NOs. 

Found. 

isr 

3-70 

3-73 

Br  +  I. . . . 

54-76 

54-87 

The  constitution  of  this  nitrobromoiodonaphthalene  is  : — 

I 

Br 

The  substance  is  very  readily  soluble  in  benzene,  but  slightly 
soluble  in  petroleum,  and  freely  soluble  in  hot  alcohol,  acetone,  and 
glacial  acetic  acid.  By  the  action  of  zinc-dust  and  acetic  acid,  the 
compound  can  be  reduced  in  alcoholic  solution,  without  the  removal 
of  halogen,  if  the  solution  is  kept  cool.  The  base,  bromoiodo-/3- 
naphthylamine,  is  thrown  out  of  the  alcoholic  solution  on  dilution 
with  water,  in  the  form  of  whitish  needles,  melting  when  crude  at 
about  89°.  The  substance  soon  becomes  reddish-brown  by  oxidation 
on  exposure  to  the  air,  and  has  not  therefore  been  isolated  in  a  state 
of  purity.  Its  basic  character  is  practically  destroyed  by  the 
halogen  atoms  present  in  the  molecule.  The  acetyl  derivative  was 
prepared  by  heating  the  solution  of  the  compound  in  glacial  acetic 
acid  with  acetic  anhydride.  After  several  crystallisations  from 
alcohol,  the  pure  bromoiodo-y3-acetonaphtlialide  wa^  obtained  in  the 
form  of  opaque,  white  needles,  melting  at  235°  : — 
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0-2277  gram  gave  71  c.c.  moist  N"  at  20""  and  761  mm.  bar. 

Calculated  for 
/1(a) 
CioHsfNH-CsHaOC^S). 

\Br(a)  Found. 

:N- 3-59  3-57 

The  direct  replacement  having  been  so  easily  effected  in  the  case 
of  iodhydric  acid,  we  were  led  to  repeat  Prager's  work,  using  Sand- 
meyer's  method.  In  the  first  place,  the  solution  of  the  diazotised 
nitrobromonaphthylamine  was  filtered  into  an  excess  of  cuprous 
chloride  solution,  and  the  reaction  completed  by  heating  in  the  usual 
manner.  The  crude  product  was  crystallised  several  times  from 
alcohol,  and  finally  obtained  in  the  form  of  ochreous  needles,  melting 
at  117°,  and  possessing  all  the  properties  of  the  preceding  compound. 
A  qualitative  test  showed  the  presence  of  nitrogen.  Analysis  gave 
the  following  results : — 

0'2922  gram  gave  137  c.c.  moist  N"  at  21°  and  759'5  mm.  bar. 
0-1955  „  0-2257  gram  mixed  AgCl  and  AgBr. 

Calculated  for 

CioFsClBr-NOa.  Found. 

N 4-89  5-33 

CI  +  Br 40-32  40-22 

The  compound  can  be  reduced  in  cold  alcoholic  solution  with  zinc- 
dust  and  acetic  or  even  hydrochloric  or  sulphuric  acid,  without  loss 
of  halogen.  The  amido-derivative,  which  is  possessed  of  but  very 
feeble  basic  properties,  separates  from  the  alcoholic  solution  on  dilu- 
tion with  water,  in  the  form  of  whitish  needles.  Although  some- 
what more  stable  than  the  corresponding  bromoiodo-/3-naphthyl- 
amine,  it  also  becomes  coloured  by  oxidation  on  exposure  to  the  air, 
and  has  not  been  obtained  as  yet  in  a  pure  state.  A  specimen 
crystallised  two  or  three  times  from  benzene  was  obtained  in  the 
form  of  brownish,  stumpy  needles,  melting  at  about  93°.  We  do 
not  give  this  melting  point  as  final,  as  it  is  proposed  to  prepare  a 
larger  quantity  of  the  substance  for  future  extension  of  the  work. 
Analysis  showed,  however,  that  even  at  this  stage  the  compound  w^as 
fairly  pure  : — 

0-1756  gram  gave  8*4  c.c.  moist  N  at  18-5°  and  766-8  mm.  bar. 


Calculated  for 

CioHsClBr-NH.. 

Found. 

5-4G 

5-56 

The  acetyl  derivative  was  prepared  by  acetylating  in  acetic  acid 
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with    acetic    anhydride.      Affcer   several    crystallisations  from  dilute 
alcohol,  it  formed  fine,  white  needles,  melting  at  218°  : — 

0'1474  gram  gave  5*9  e.e.  moist  N  at  18°  and  765'2  mm.  bar. 

Calculated  for 
CioHsClBr-NH-CgHsO  Found. 

N 4-69  4-65 

By  a  similar  application  of  Sandmeyer's  method,  the  nitrobromo- 
naphthylamine  was  converted  into  dibromonitronaphthalene,  w^hicli, 
w  hen  pure,  forms  small,  ochreoois  meedles,  melting  at  117°.  The  con- 
stitution of  these  last  compounds  ie  represented  by  the  formulae  : — 

CI 


\y\/ 

Br 

The  results  now  submitted  are  sufficient  to  show  that  Pr? ger  wa^ 
in  error  in  stating  that  Sandmeyer's  method  is  inapplicable  to  the 
nitrobromonaphthylaimine  in  question.  It  is  proposed  to  extend  the 
investigation  of  these  compounds  in  the  direction  indicated  at  the 
outset,  and  the  present  note  is  offered  as  a  preliminary  communica- 
tion, owing  to  unad  void  able  interruption  of  the  work  till  the 
autumn. 

Finshury  Technical  College. 


LXIX. — A  Method  of  Measuring  the  Vapour  Pressures  of  Solutions. 

By  Thomas  Ewan,  B.Sc,  Ph.D.,  1851  Exhibition  Scholar  in  Chemistry 
at  the  Owens  College,  and  W.  R.  Ormandy,  Bishop  Berkeley 
Fellow  in  Chemistry  at  the  Oweus  College. 

In  a  note  in  the  Compt.  rend,  .for  1890,  111,  102,  M.  G.  Charpy  has 
pointed  out  that  a  condensation  hygrometer,  such  as  Regnault's,  may 
be  advantageously  used  for  determining  the  vapour  pressures  of 
aqueous  solutions  at  ordinary  temperatures.  The  same  suggestion  is 
made  by  Ostwald  (Lehrbuch  der  Allgemeinen  Chemie,  2te  Aufl.,  Band  I, 
715).*     Having  occasion  to  make  some  determinations  of  molecular 

*  Since  writing  this  our  attention  has  been  drawn  to  the  work  of  H.  Leseoeur 
(Ann.  Chim.  Fhys.  [6],  16.  394,  1889).  Ho  has  used  the  method  for  the  deter- 
mination of  the  pressure  of  dissociation  of  hydratcd  salts. 
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weights  in  aqueous  solutions  at  the  ordinary  temperature,  we  decided 
to  employ  this  method,   and  as  it  appears  to  be  of  some  practical 
utility,  we  publish  our  results  so  far  as  they  have  gone. 
The  apparatus  which  we  used  is  represented  in  Fio-.  1. 


¥lQ.  1. 

The  glass  vessel  AB,  which  contains  the  solution  under  examina- 
tion, consists  of  a  cylindrical  bulb  13  cm.  long  and  4*5  cm.  in  diameter, 
with  a  nnrrower  neck,  20  cm.  long  and  2  cm.  in  diameter.  A  narrow 
side  tube  is  sealed  (at  K)  into  the  shoulder  of  the  bulb,  through  which 
the  stirrer  C  passes.  This  consists  of  a  ring  of  stout  platinum  wire, 
sealed  to  a  light  glass  handle.  The  platinum  ring  just  touches  the 
sides  of  the  vessel  B,  so  that  they  can  be  kept  moistened  with  the 
solution. 

The  hygrometer  EF  consists  of  a  thin  polished  silver  cup  F, 
soldered  to  a  stronger  ring  of  brass,  w^hich  in  its  turn  is  joined  to  a 
glass  tube  ED.  This  joint  was  made  by  slipping  the  glass  tube  inside 
the  brass  one,  packing  the  space  between  them  with  thin  tin  foil,  and 
then  pouring  in  melted  sulphur.  The  joint  was  quite  impervious  to 
ether,  and  by  occasionally  heating  it  to  the  melting  point  of  the 
sulphur  it  maybe  kept  quite  tight.  The  upper  end  of  the  hygrometer 
tube  at  E  is  closed  with  a  cork,  through  which  pass  a  thermometer 
and  an  open  tube,  carried  down  below  the  surface  of  the  ether  in  the 
usual  way.  A  side  tube  at  E  is  connected  with  an  aspirator  in  such 
a  way  that  the  amount  of  air  passing  through  the  ether  is  under  the 
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control  of  the  observer.  The  hygrometer  slips  loosely  through  the 
tube  AK,  and  is  supported  by  aa  enlargement  at  A.  The  whole 
apparatus  was  immersed  in  a  water-bath  holding  about  16  litres,  and 
provided  with  glass  windows  back  and  front.  The  arrangements  for 
keeping  it  at  a  constant  temperature  were  very  similar  to  those  de- 
scribed by  Ostwald  (Zeit.  physikal.  Chem.,  2,  565,  1888).  The  stirrer 
was  kept  in  motion  by  means  of  a  small  water-motor.  The  tempera- 
ture of  the  bath  seldom  varied  as  much  as  01°  C.  in  a  day. 

The  temperatures  of  the  bath  and  of  the  ether  in  the  hygrometer 
were  read  on  two  thermometers  by  Hicks,  graduated  in  Ijh)  degrees. 
As  each  division  was  about  IJ  mm.  wide,  1/100  degree  could  be  esti- 
mated with  certainty. 

One  of  the  thermometers  (69)  was  correct  at  zero;  its  readings 
were  accepted  as  correct,  and  the  readings  of  the  other  thermometer 
(70)  corrected  so  as  to  agree  with  it.  The  corrections  used  were  at 
21°,  -0-076;  18°,  -0-024;  15°,  +0-010. 

These  nunibers  are  the  means  of  a  number  of  comparisons;  a  curve 
was  drawn  from  them,  and  the  corrections  to  be  applied  at  other 
temperatures  obtained  from  it. 

The  experiments  were  carried  out  as  follows : — The  vessel  B  was 
cleaned  by  filling  it  with  a  mixture  of  sulphuric  acid  and  potassium 
dichromate,  and  allowing  it  to  stand  over  night;  it  was  then  washed 
with  water  and  dried,  and  30  to  40  grams  of  carefully  distilled 
water  were  weighed  into  it,  from  a  pipette  of  the  form  used  by 
Beckmann  (Zfit.  phi/sikal.  Ghem.,  4,  548,  1889).  The  salt  was  also 
weighed  into  B  from  a  tube  bent  at  right  angles,  so  that  none  of  the 
salt  adhered  to  the  neck,  AK.  This  precaution  is  of  som?  import- 
ance, as  the  hygrometer  has  to  be  frequently  slipped  in  and  out  of 
the  vessel.  The  solution  being  made  up,  the  whole  apparatus  is 
placed  in  position  in  the  water-bath,  and  allowed  to  stand  for  about 
15  minutes,  till  the  air  inside  becomes  saturated  with  vap  mr.  With 
dilute  solutions  this  time  is  ample,  but  with  concentrated  solutions 
we  have  sometimes  observed  a  small  rise  ia  the  dew  point  on  standing 
somewhat  longer,  owing,  doubtless,  to  the  air  not  being  at  first  fully 
saturated. 

The  readings  of  the  dew  point  were  made  by  simply  observing  the 
temperature  at  which  dew  first  became  visible  on  the  hygrometer. 
We  found  by  a  number  of  preliminary  observations  that  the  readings 
can  be  made  more  accurately  in  this  way  (when  certain  precautions 
are  taken)  than  by  the  ordinary  method.  The  silver  cup  of  the 
hygrometer  was  illuminated  by  means  of  a  lamp  and  lens,  placed 
2  or  3  feet  behind  the  observer.  The  silver  surface  is  looked  at 
through  a  biconvex  lens  of  smill  focal  length,  the  eye  being  in  such 
a  position  that  the  light  from  the  lamp  is  not  reflected  directly  into  it. 
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The  dew  point  being  approximately  known,  the  temperature  of 
the  ether  is  lowered  rapidly,  till  jifc  is  only  one-  or  two-tenths  of  a 
degree  above  the  point  required,  after  which  it  is  allowed  to  sink  very 
slowly.  When  the  dew  point  is  reached,  the  surface  of  the  silver 
becomes  covered  with  fine  white  lines  and  scratches.  After  a  little 
practice,  the  point  at  which  these  first  appear  can  be  read  with 
certainty.  The  surface  of  the  silver  must  be  kept  very  clean.  Spots 
of  grease,  dlit,  &c.,  which  are  invisible  in  the  air  become  visible  as 
whitish  patches  on  the  silver  before  the  dew  point  is  reached,  and 
may  lead  to  too  high  a  reading.  We  found  that  the  tube  could  be 
kept  sufficiently  clean  by  means  of  clean  dry  wash  leather  and  fine 
jewellers'  rouge. 

The  numbers  given  in  the  tables  for  each  solution  are  the  means  of 
three  or  four  readings  of  the  dew  point.  The  greatest  difference 
between  two  readings  was  never  more  than  0*1°  ;  as  a  rule  it  was  0*02° 
or  0-03°. 

In  order  to  test  the  accuracy  of  our  method  of  reading  the  dew 
point,  we  made  a  number  of  determinations  of  the  dew  point  with 
pure  water.  It  should  of  course  be  exactly  the  temperature  of  the 
bath.     The  following  are  the  numbers  obtained  : — 


Teiup.  of  bath. 

Dew  point. 

DifP. 

18-30 

18-30 

0-00 

18-3() 

18-29 

-001 

18-29 

18-27 

-0-02 

18-30 

18-30 

0-00 

18-39 

18-39 

000 

18-40 

18-42 

4-0  02 

18-41 

18-42 

-l-OOi 

The  following  tables  contain  the  results  obtained  with  sodium 
chloride  solutions.  The  letters  used  have  the  following  significa- 
tions : — 

c  =  gram  molecules  of  N^aCl  in  1000  grams  of  water. 

t  =  temperature  of  the  solution. 

t'  =  dew  point. 

f  =:  vapour  pressure  of  water  at  the  temperature  f.     (It  is  also  the 

vapour  pressure  of  the  solution  at  t.) 
fif  is  the  ratio  of  the  vapour  pressure  of  water  to  that  of  the  solu- 
tion, both  at  t°. 

The  values  of  /  and  /'  corresponding  to  the  temperatures  t°  and  t'", 
are  taken  from  the  table  of  vapour  pressures  for  each  tenth  of  a 
degree  calculated  by  liegnault  (Main,  de  VAcad.,  21,  627,  1847) 
from  his  formula  D. 
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c. 

t. 

t'.     ■ 

r- 

flf- 

0-485 

20  -990 

20-718 

18-179 

1  -017 

1-047 

21  -000 

20  353 

17-775 

1-041 

1-536 

21  -018 

20-159 

17-564 

1-054 

2-660 

21  -046 

19-504 

16  -865 

1-100 

3-044 

21  -002 

19-137 

16  -487 

1-122 

4-407 

21  -000 

17  -937 

15  -299 

1-209 

5-162 

21  -000 

17  -281 

14  -679 

1-260 

5-307 

iiO-975 

16-751 

14-197 

1-301 

0-583 

18  103 

17-796 

15-163 

1-U19 

1  -367 

18  -090 

17  -382 

14  772 

1-045 

1-564 

18-122 

17-237 

14  -639 

1-057 

2-567 

18  -025 

16  -786 

14-228 

1-081 

4-091 

18-190 

15  -480 

13  -095 

1-187 

5-292 

18-238 

14-528 

12  -320 

1-265 

0-284 

14-825 

14-691 

12  -451 

1-009 

1  -524 

14^985 

14  -147 

12  -023 

1-055 

4-852 

14-977 

11-731 

10  -276 

1  -234 

As  solutions  of  'NaCl  follow  von  Babo's  law  witb  close  approxima- 
tion, we  have  assumed  the  values  of///'  observed  at  temperatures  differ- 
ing slightly  from  21*,  18°,  and  15"*  to  be  the  true  values  at  these  tem- 
peratures. We  then  take  concentrations  as  abscissae,-  and  values  of 
///'  as  ordinates,  and  draw  curves,  from  whicb  the  following  table  is 
constructed : — 

Table  II. 


///'. 

c. 

fir  (mean). 

21°. 

18°. 

15°. 

0-5 

1-017 

1-017 

1-017 

1-017 

1  0 

1-038 

1-033 

1-036 

1-036 

2-0 

1-073 

1-067 

1  075 

1-072 

3-0 

1  119 

l-lIO 

1  122 

1-117 

4-0 

1-183 

1-180 

1-179 

1-181 

5-0 

1-250 

1-247 

1-245 

1-247 

6  0 

1-310 

1-310 



1-310 

In  Table  III  these  results  are  compared  with  those  obtained  by 
other  observers. 

Dieterici's  numbers  (Ann.  Phys.  Chem.,  1891,  42,  513)  were  ob- 
tained at  0°  by  a  method  depending  on  the  use  of  a  Bunsen 
calorimeter.     Tammaun's  numbers  were  obtained  at   100";  they  are 
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quoted  here  from  Dieterici's  paper.  Emdon's  numbers  {Ann.  Phyit. 
Chem.y  1887,  31,  145)  were  the  means  of  values  obtained  between 
about  18"  and  95"".  The  numbers  in  the  table,  we  obtained  from  his 
results  by  graphical  interpolation. 

Tatile  tit. 


///'. 

T.  Ewan 
and 

Dieterifi 

'lainmann. 

Emden. 

Ormandj. 

0T> 

1-017 

1-0 

1036 

1  -033 

1-039 

1  -036 

2-0 

1  -07 1. 

1  073 

1  -080 

1  072 

3-0 

1-120 

1118 

1-127 

1-117 

4-0 

1-176 

1-171 

1-187 

1  181 

5  0 

1-241 

1-232 

1-252 

1-247 

6  0 

1-315 

1-302 

— 

1  310 

We  have  also  made  a  set  of  measurements  of  the  vapour  pressures 
of  solutions  of  cupric  chloride.  The  solutions  were  made  up  in  the 
way  described  in  the  beginning  of  this  paper,  from  water  and  crystal- 
lised cupric  chloride,  CuC!2,2H20.  An  analysis  of  the  material  used 
gave  the  following  numbers  : — 


Found. 
Cu 87-28 


Calculated  for 
CuCl2,2H20 

37-32 


The  salt  was  prepared  by  recry  stall  is  ing  copper  chloride,  bought  as 
pure,  from  dilute  hydrochloric  acid,  and  drying  the  crystals  in  an  air- 
bath  at  45—50°. 

The  following  table  contains  the  numbers  obtained.     In  it 

s  -=■    concentration  of  the   solutions  in    grams   CuClo    in    1    gram 

water. 
t  =  temperature  of  the  solution. 
i'  :=  dew  point. 

/  =  vapour  pressure  of  pure  water  at  t. 
f  =  „  ,j  solution  „ 
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Table  IY. — Copper  Chloride. 


.y. 

t. 

t'. 

/• 

/'. 

fir- 

No.  of 
readings  of 

Greatest 

difference 

between 

i 

dew  point. 

two  readings. 

0 -0169 

21 -023 

20  -924 

18  -521 

18-410 

1-006 

3 

0-or 

0  'O'S-SS 

21  010 

20  -810 

18-506 

18-282 

1-012 

2 

0  01 

0-0560 

21-005 

20-640 

18-501 

18-092 

1-023 

2 

0-01 

0  -0805 

20  -967 

20  -322 

18  -458 

17  -741 

1-040 

3 

0-02 

0  1299 

20-920 

20  -074 

18  -405 

17  -472 

1-053 

3 

0-03 

0-2018 

20  -930 

19  -507 

18  -417 

16  -868 

1-092 

4 

0-07 

0  -2480 

20  -900 

19-001 

18  -383 

16-347 

1-125 

2 

0-02 

0-2945 

21  040 

18-817 

18-522 

16-162 

1-146 

3 

0-04 

0  -4398 

20  -970 

17  -567 

18  -462 

14-946 

1-235 

2 

0-01 

0 -0207 

18  -009 

17  -855 

15-357 

15-219 

1-009 

3 

0-01° 

0  0373 

17  -950 

17-685 

15  -309 

15  -058 

1-017 

2 

0-01 

0 -0736 

17  -930 

17  -457 

15-290 

14  -842 

1  -030 

2 

0-01 

0  -1069 

17-950 

17-218 

15  -309 

14  -621 

1-047 

3 

0-01 

0-1467 

17  -983 

16  -981 

15-341 

14  -404 

1-065 

3 

0  00 

0  -1798 

18-198 

16-905 

15-550 

14-335 

1  085 

4 

0-02 

0  -3267 

18  190 

15-712 

15  -542 

13-291 

1  •161» 

2 

0-00 

0 -4437 

18-190 

14-715 

15-542 

12  -470 

1-246 

4 

0-03 

0  0 -07 

15-770 

15  -611 

13  -341 

13  -206 

1-010 

3 

0-02 

0  0.>(i3 

15  -797 

15  -463 

13  -364 

13  -081 

1-022 

3 

0-03 

0 -11199 

15  -920 

15  194 

13  -468 

12-859 

1-U47 

5 

0-04 

0  1631 

15  -983 

14  -844 

13  -522 

12  -574 

1-075 

3 

0-02 

0  -2187 

16  -060 

14-266 

13  -588 

12  -115 

1  -122 

3 

0-02 

0-3198 

16  -032 

13  -655 

13  -564 

11  -647 

1-165 

4 

0-05 

0  -4099 

16  -097 

13  -009 

13  -620 

11  -168 

1-219 

3 

0-00 

0  -5108 

16  -310 

12  117 

13  -806 

10  -538 

1-310 

4 

0  14 

0  -2182 

14  -425 

12  -884 

12-239 

11  -078 

1-105 

4 

0-02 

0  -3147 

14-222 

11  -952 

12  -080 

10  -425 

1-159 

4 

0-01 

0  -3984 

14  267 

11  -223 

12  114 

9-938 

1-219 

3 

0  02 

0  -6698 

14-808 

9-769 

12  -542 

9-028 

1-389 

5 

0-07 

0-7489 

14-354 

8-360 

12-184 

8-197 

1-486 

5 

0  05 

We  have  attempted  using  these  numbers  to  calculate  the  heats  of 
dilution  of  some  solutions  of  copper  chloride  by  means  of  the  well 
known  formula  of  Kirchhoff"  (Ann.  Phys.  Chem.,  1858,  103,  177),  or 
Gesammelte  AhhancUungen^  454).     This  may  be  written 


?9  =  _  ^[^ 

dm 


^^--fUo'^'f 


1^-^'] 


aQ 


where  heat  given  out  by  the  system    is    considered  positive.      -^ 


776  EWAN  AND   ORMANDY:   A  METHOD   OF  MEASURING 

may  be  regarded  as  the  heat  evolved  on  adding  1  gram  of  water 
an  infinite  quantity  of  the  solution. 

E;  is  the  ^as  constant  for  aqneous  vapour.  It  is  assumed  here  that 
saturated  steam  at  ordinary  temperatures  may  be  regarded  as  a 
perfect  gas. 

0  is  the  absolute  temperature,  and  J  the  mechanical  equivalent  of 
heat.  /  and  /'  are  the  vapour  pressures  of  water  and  solution 
respectively. 

y:—  log  /'  was   calculated  from,  the  vapour  pressure  determinations 

ce 

briefly  as  follows  : — 

The  values  of  /',  contained  in  Table  IV,  were  obtained  at  tem- 
peratures differing  slightly  from  21°,.  18°,  16°,  and  14-5°  respec- 
tively. The  numbers  corresponding  exactly  to  these  temperatures 
were  calculated  by  assuming  that  ///'  is  constant  through  the 
small  range  of  temperature  separating  the  point  at  which  the 
determination  actually  took  place  from  that  for  which  the  value  of 
/'  was  required..  As  this  range  was  generally  about  0"1°,  the  error 
committed  by  m.aking  this  assumption  is  negligible.  From  the 
numbers  thus  obtained  we  interpolated  the  values  of  /'  at  the  four 
temperatures  above  mentioned,  for  solutions  containing  0*05,  O'l,.  and 
0-2  gram  CuCl2  in  1  gram  of  water.  For  this  interpolation  we  used 
the  following  formulae,  in  which  s  is  the  concentration  in  grams  of 
CuCl2  in  1  gram  water,  and  (/  — /')  is  the  difference  between  vapour 
pressure  of  water  and  that  of  the  solution  : — 

(f  -f),,o    =  7-6314. •  -f-  Mlll.s'» 

(/-/)i80    =  6-4075.  +  1-015    s' 

(y_/),eo    =  5-3624  5  -f  1-8586/  >*•    *    ^'^>'- 

(f  -  /)i4.5°  =  5-1525  s:  +  0-6396  s^  -  0-46418 

We  now  expressed  the  numbers  thus  obtained  by  means  of  formulae 
of  the  form  given  by  Magnus,  viz. : — 

bt 

f  =  a. 10'^' (^-^ 

where  a,  6,  and  c  are  constants. 

By  differentiating  the  expression  B  with  respect  to  t,  we  get : — 

8  ,       J,,  /       9  T        -.,  \  he  loge  10' 


^•(=8.'-^') 


a^  ^  -^  V   a^  °  -^  /      (c  +  ty 

In  order  to  be  able  to  calculate  more- accurately  the  constants  of 
the  formula  B  than  was  possible  by  means  of  the  numbers  obtained 
over  the  small  range  of  temperature  through  which  we  were  able  to 
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nse  our  apparatus,  we  also  made  use  of  the  vapour  pressures  of  the 
solutions  at  their  freezing  points.  The  vapour  pressure  of  an  aqueous 
solution  is  at  its  freezing  point  the  same  as  that  of  ice  at  the  same 
temperature.  The  freezing  points  of  the  solutions  were  obtained 
from  a  set  of  measurements  made  by  one  of  us,  which  are  not  yet 
published.  The  vapour  pressures  of  ice  were  taken  from,  the  table 
calculated  by  Ramsay  and  Young  (Phil.  Trans.,  1884,  ii,  476) ; 
a  small  correction  (0001 — 2  mm.)  was  applied  to  them,  owing  to  the 
fact  that  Ramsay  and  Young's  calculation  was  based  on  Regnault's 
formula  E,  w^hilst  we  used  his  formula  D.  The  following  are  the 
numbers  used : — 


Table 

V. 

«.. 

Freezing  point. 

f- 

/'. 

0-05 

0-1 

0-2 

-1-905 
-4-12 

-9-6a 

4-010 
3-411 
2-253 

3-935 
3  -258 
1  -957 

The  constants  in  formula  B,  which  were  used,  are  the  following 

Table  VI. 


s. 

a. 

h. 

c. 

0-05 

0-1 

0-2 

4-5116 
4-3978. 
4-1171 

8  -4049 

8-1790 

,     6-9722 

271-4 

262-77 

217-5 

It  may  be  pointed  out  that  the  constant  a  in  the  preceding  table 
represents  the  vapour  pressure  of  the  solution  at  0°. 

The  tables  which  follow  contain  the  numerical  results  of  the  cal- 
culations. In  Table  VII  t  =  temperature  of  the  solution,/'  =  its 
vapour  pressure,  (f  —  f)  =  diminution  of  the  vapour  pressure, 
(/  —  /')  calc.  is  the  diminution  calculated  by  means  of  the 
formulae  A.  The  difference  between  the  calculated  numbers  and 
those  found  experimentally  only  in  one  case  exceeds  O'l  mm.  The 
algebraic  sum  of  the  differences  is  approximately  zero,  so  that  the 
formulae  may  be  taken  as  fairly  representing  the  results. 
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Table  VII. 


t  =  2r. 


•v. 

/'. 

(/  -  /'). 

0-0169 

18-384. 

0-111 

0O322 

18-271 

0-224 

0  -0560 

18  077 

0-418 

0  -0805 

i7-7;r> 

0-719 

0-1299 

17  -557 

0  938 

(i-20l8 

16  -939 

1  -556 

0  -2480 

16-446 

2-049 

0-2945 

16  138 

2  -357 

O -4399 

14-973 

3-522 

(/-/)calc. 

DifP. 

0-129 

+  0  ni8 

0-247 

+  0-023 

0-431 

+  0  013 

0-621 

-0-098 

1-010 

+  0  -072 

1-585 

+  0-029 

1-960 

-0-089 

2-344 

-0-013 

3  -572 

+  0-050 

Sum 

1 

; 

+  0  -205 
-0-200 

t  =  18^ 


s. 

/'. 

(/-/')• 

(/-/')ealc. 


0-133 

Diff. 

0-0207 

15-219 

0-138 

-0-005 

0-0373 

15-109 

0-248 

0-241 

-0  007 

0  -073f) 

14-907 

0-450 

0-477 

+  0 -027 

0-1068 

14-667 

0  -690 

0-686 

-0-004 

0  lt67 

14-419 

0-938 

0-962 

+  0  024 

0  1798 

14-157 

1-200 

1-185 

-0-015 

0-3267 

13-133 

2  -224 

2-202 

-0-022 

0-4437 

12-322 

3-035 

3-043 

+  0-O08 

Sum 

f       +0-059 
1      -0-053 

t  =  16° 


s. 

/'• 

(/-/')• 

(/-/')  calc. 

Diff. 

0-02  7 

13  -399 

0-137 

0-111 

-0-026 

0  -0503 

13-249 

0-287 

0-274 

-0-013 

0-1099 

12  924 

0-612 

0-612 

0-000 

0-1631 

12-587 

0  -949 

0-924 

-0-025 

0-2487 

12  -068 

1-468 

1-449 

-0-019 

0-3198 

11-623 

1-913 

1-905 

-0-008 

0  4099 

11  -098 

2  -438 

2-510 

+  0 -072 

0-5108 

10-332 

3-204 

8-224 

+  0-020 

Sum 

r      +0-092 
1      -0-091 
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Tablk  YII — continued. 


t  =  14-5° 


*, 

/'• 

1-167 
1-685 
2-209 
3-446 
4-024 

(/-/Ocalc. 

— 

Diff. 

0-2182 
0-3147 
0  -3984 
0  -6695 
0 -7489 

11  -131 

10-613 

10  089 

8-852 

8-274 

1  -150 
1-G71 
2-125 
3-597 
4-023 

-0-017 
-0-014 
-0-084 
H-0  151 
-0-001 

Sum 

{ 

-0-151 
-0-116 

Table  VIII  contains  under  /'  the  vapour  pressures  (interpolated 
from  the  formulse  A)  of  solutions  containing  005,  O'l,  and  0'2  gram 
of  CuCl2in  1  gram  water,  under  '*/'  calc."  the  values  calculated  from 
tlie  formuloB  B.  The  agreements  betwaen  the  two  sets  of  numbers  is 
very  close  indeed. 

Table  YIII. 


s  = 

=  0-05. 

s  = 

=  0  1. 

t. 

f- 

/'  calc. 

Diff. 

t. 

f. 

f  eale. 

Diff. 

21° 
18 
16 

14-5° 
-1-905° 

18  111 
15-033 
13  -263 
12  039 
3  -935 

18-112 
15-035 
13  -251 
12  040 
3-935 

+  0 -001 
+  0  -002 
-0-012 
+  0  -001 
O-ODO 

21° 
18 
16 

14-5^ 
-4-12° 

17-721 
14 -706 
12  -981 
11  -776 
3-258 

17  -721 
14  -668 
12  -962 
11  -776 
3-258 

0  000 

-0  038 

-0  019 

0  000 

0-000 

0-2. 


t. 

/'• 

/'  calc. 

Diff. 

21° 

18 

16 

14-5° 

-9-63° 

16  -924 
14  -035 
12  -389 
11  -243 
1-957 

16  -924 
14-044 
12  -370 
11  -229 
1-957 

0-000 
+  0-009 
-0-019 
-0-014 

0-000 

Table   IX  contains   the  values  of  ^  calculated  from   KirchhofP's 

Cm 
formula  and  those  obtained  from  J.  Thomsen's  numbers. 
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In  KirclihofF's  formula  we  have 
J  =  42355  grm.  cm. 
R=  4709-5  ir^"-^-. 

0  =  291  (Thomsen's  experiments  were  made  about  18°  C). 

-^  log /(at  IS'^)  calculated  from  Regnault's  formula  D  is  0-062653. 
do 

Table  IX. 


*. 

ms. 

^-^   log///'. 

^-5(E.an„0.). 

^  (Thomsen). 
7)m 

Diff. 

0  05 
0  1 
0-2 

2508 

1164 

492 

-0-000065 
-0-000129 
-0  -000313 

0-61 
1-21 
2-94 

0-22 

o-7a 

2-48 

0  39 
0-43 

0-46 

The  numbers  in  the   column  ^  (Thomsen)  have  been  obtained  as 

Cm 

follows:  Thomsen   (Thennnchem.    Unters.y  3,  IIS)  gives  the   numbers 

contained  in   Table   X   under  Q  as  the  amounts  of  heat  evolved  on 

adding  m  grams  of  water  to  a  solution  containing  1  gram.mol.  CuCl2 

in  180  grams  of  water.    Tlie  numbers  under  Q  caic.  are  obtained  from 

the  formula  given  by  Thomsen   Qoc.  clt.,  p.  24). 


Q  = 


X  4976-3; 


m  +  369*5 

difEerentiating  this  we  get : — 

8Q   ^        1838900 
dm         (m  +  369*5)2 ' 

from  which  the  values  of     J^  (Thomsen)  are  calculated  by  means  of 

cm 

the  numbers  under  m,  in  Table  IX. 


Table  X. 


m. 

Q. 

Q  calc. 

Diff. 

18;l 

1630 

1630 

±0 

360 

2458 

2456 

-2 

720 

3336 

3289 

+  47 

1620 

4052 

4052 

±0 

3420 

4510 

4491 

-19 
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Although  Thomsen's  experimental  values  of    —  in  Table  IX  do  not 

Cm 

agree  very  well  with  those  calculated  from   oar  observations,  it  is 

easy  to  see  that  very  small  errors  m  tbe  determinations  of  the  vapour 

pressures  are  capable  of  accounting  for  tbe  differences,  by  adopting 

the  plan  originally  used  by  Kirchhoff  (Fogg.  Ann.,  104,  612,  1858)  of 

calculating  the  vapour  pressures  from   the  heats  of    dilution.     Ho 

transformed  the  expression  already  given  into  the  form — • 

J      1  aQ 

R  .  log,  10  <9     d,n 


log/If  =  0  + 


(C). 


The  logarithm  is  taken  to  the  base  10.  c  is  a  constant,  and  is  calcu- 
lated by  means  of  any  one  determination  of  the  vapour  pressure  of 
the  solution.  Using  the  vapour  pressures  found  at  21°  in  Table  III 
we  find  the  values  of  c  : — 


^. 

c. 

0-05 

0-006162 

01 

O-008180 

0-2 

0-005635 

In  Table  XI  the  numbers  calculated  from  equation  C  by  means  of 
these  constants  are  compared  with  the  experimental  numbers  from 
Table  VIII. 

Table  XI. 


s  — 

0-05. 

*  --= 

0-1. 

t. 

J'  calc. 

/'  found. 

Diff. 

t. 

/'calc. 

f  found. 

DifT. 

-1-905 
14-5 
160 
18-0 

3-925 
12-041 
13  -253 
15  037 

3-935 
12-039 
13  -263 
15-033 

+  0-010 
-0-002 
+  0-010 
-0-004 

-4-12 
14-5 
16  0 
18-0 

3-261 
11-777 
12  -964 
14-711 

3  -258 

11  -776 

12  -981 
14-706 

-0-003 
-0-001 
+  0-017 
-0-005 

The  agreement  is  on  the  whole  satisfactory. 


8  = 

0-2. 

t. 

/'  calc. 

/'  found. 

Dife. 

-9  63 
14-5 
16-0 
18-0 

2-044 
11-208 
12  370 
14  042 

1  -957 
11  243 
12-389 
14  035 

-0-087 
+  0  -035 
*  0-019 

-0-0U7 
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LXX. — The  Hydrazines  of  Quinoline. 

Bj  S.  F.  DuFTOX,  B.A.,  D.Sc,  Head  Science  Master  of  the  Bradford 
Grammar  School. 

I  HAVE  continued  the  work  described  in  my  last  paper  (Trans.,  1S91, 
59,  756),  and  having  found  a  new  and  convenient  method  of  nitrating 
quinoline,  giving  large  quantities  of  ananitroquinoline  (called  meta- 
in  the  former  paper  in  accordance  with  the  old  nomenolatuie),  have 
worked  out  the  preparation  and  properties  of  the  anahydrazine  and 
some  of  its  derivatives.  All  the  compounds  of  this  series  are  remark- 
able for  stability  and  beaut v  of  form,  the  hydrazine  itself  having  a 
liigh  melting  point  and  crystallising  from  hot  water.  Incidentally  I 
have  also  discovered  the  "  picric  acid  "  of  the  quinoline  series,  dinitro- 
hydroxyquinoline,  a  yellow  dye  of  great  beauty. 

Part  II. — The  Nitration  of  Quinoline. 

The  necessity  which  arose,  in  the  course  of  my  work,  of  preparing 
nitroquinoline  on  a  comparatively  large  scale  soon  rendered  evident 
the  extreme  inconvenience  of  the  methods  already  described,  and  led 
me  to  spend  considerable  time  in  trying  to  find  the  conditions  under 
which  the  nitration  would  take  place  most  readily. 

In  the  old  method  usually  employed,  due  to  Claus  and  Kramer 
(Ber.,  18,  1245),  quinoline  is  heated  at  80"  for  10  hours  with  a  mix- 
ture of  equal  volumes  of  fuming  nitric  and  strong  sulphuric  acids, 
after  first  dissolving  the  quinoline  in  ordinary  nitric  acid.  The 
disadvantages  of  this  are  the  formation  of  dinitroquinolines,  and, 
what  is  more  troublesome,  the  very  large  excess  of  acid  which 
has  to  be  employer)  ;  the  latter,  when  diluted  so  as  to  prevent,  upon 
neutrplisatiun  by  soda,  the  crystallisation  of  sodium  sulphate  with  the 
precipitated  nitroquinolines,  renders  the  bulk  of  liquid  to  be  operated 
on  very  unwieldy. 

The  method  described  by  Nolting  and  Trautmann  {Ber.,  23,  3654), 
of  dissolving  quinoline  in  strong  sulphuric  acid  and  adding  the  cal- 
culated quantity  of  fuming  nitric  acid  with,  at  the  same  time,  N^ord- 
hausen  sulphuric  acid  containing  sufficient  anhydride  to  combine 
with  all  the  water  produced  in  the  action,  was  found  to  be  of  no 
practical  value.  Although  no  dinitroquinolines  are  produced,  the 
nitration  is  extremely  slow  even  at  100'',  whilst  the  very  large  excess 
of  sulphuric  acid  used  makes  the  subsequent  treatment  of  the  liquid 
even  more  troublesome  than  in  the  other  process. 

On  this  accoun^,  I  was  led  to  try  if  the  dehydration  of  quinoline 
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nitrate,  with  foi'ination  of  nitroquinoline,  could  not  be  more  readily 
effected  than  the  nitration  of  quinoline  sulphate,  as  in  Noltiug  nnd 
Trautmann's  method,  and  found,  indeed,  that  whereas  the  latter 
operation  requires  at  least  a  week,  even  on  the  water-bath,  the  former 
may  be  completed  in  the  cold  in  less  than  an  hour.  The  method 
found  ultimately  to  give  the  best  results  was  : — 

To  50  grams  of  quinoline,  in  a  glass  evaporating  basin  floating  in  a 
dish  of  cold  water,  is  added  gradually  from  a  burette  slightly  more 
than  the  calculated  volume  of  fuming  nitric  acid  (sp.  gr.  1"5).  When 
cold,  the  solid  cake  of  nitrate  is  roughly  powdered  and  added  in  about 
five  portions  to  50  c.c.  of  strong  sulphuric  acid  contained  in  a  litre 
flask,  adding  10  c.c.  of  fuming  sulphuric  acid  (sp.  gr.  2*0)  after  each 
addition  of  nitrate,  and  keeping  the  mixture  cool.  The  completion  of 
nitration,  which  takes  from  half  an  hour  to  an  hour,  is  recognised  by 
diluting  a  few  drops  of  the  mixture  with  water  and  neutralising 
with  caustic  soda;  the  smell  of  quinoline  will  have  practically  dis- 
appeared, and  the  milky  precipitate  produced  hy  the  soda  solidifies 
after  a  few  minutes  to  a  mass  of  crystals.  The  mixture  is  then 
poured  into  water,  Altered,  after  cooling,  from  a  s^all  quantity  of  a 
yellow,  crystalline  substance,  and  gradually  neuti'alised  with  caustic 
soda.  When  cold,  the  crude  nitroquinolines  precipitated  are  collected 
and  dissolved  in  a  large  quantity  of  boiling,  very  dilute  nitric  acid ; 
on  cooling,  the  nitrate  of  ananitroquinoline  crystallises  out  in  powdery 
crystals  which  are  almost  insoluble  in  cold  water,  and  very  diff^erent 
from  the  easily  soluble,  large,  well-formed  tablets  of  the  ortho-com- 
poand. 

The  mother  liquors  from  the  ananitrate  are  treated  with  excess  of 
caustic  soda,  and  the  precipitate,  after  being  well  pressed,  is  crys- 
tallised from  alcohol  ;  one  crystallisation  gives  practically  pure  ortho- 
nitroquinoline.  The  alcoholic  mother  liquor  contains  both  ortho-  and 
ana-compounds,  the  latter  of  which  is  extremely  soluble  in  alcohol ; 
after  distilling  off  the  solvent,  these  are  vvorked  up  with  the  next  lot 
of  nitrat(>s. 

The  recrystallised  ananitrate  is  heated  in  a  dish  with  a  small 
quantity  of  water,  and  strong  caustic  soda  added  until  the  liquid, 
after  continued  boiling,  remains  slightly  alkaline  ;  the  nitroquinoline 
thus  b berated  is  collected,  washed  with  water,  dried  by  gently  heat- 
ing in  a  dish  over  a  small  flame,  and  crystallised  from  light  peti'- 
oleum  (b.  p.  100  ),  when  it  forms  pure,  almost  white  needles  melting 
at  72". 

The  yield  of  nitroquinolines  is  practically  quantitji^tive ;  in  one 
operation,  from  310  grams  of  quinoline,  200  grams  of  ananitro- 
quinoline and  150  giams  of  orthonifroquinoline  were  obtained  in  a 
pure  state,  a  yield  of  S7  per  cent,  of  the  theoretical  amount. 
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The  quantity  of  the  insoluble  yellow  substance  mentioned  above 
is  about  3  per  cent,  of  the  quinoline  taken.  It  explodes  on  heating, 
and  has  both  acid  and  basic  properties,  bein^r,  as  Armstrong  hos 
suggestf  d,  a  phenol ;  it  is,  in  fact,  dinitrohydroxyquinoline,  the  "  picric 
acid "  of  the  quinoline  series.  When  recrystallised  from  a  large 
quantity  of  boiling  water,  in  which  it  is  sparingly  soluble,  it  forms 
small,  shining  leaflets  of  a  greenish-yellow  colour,  which  decompose 
entirely  at  about  255". 

The  analytical  results  were  : — 

0*2545  gram  of  substance  gave  0*4302  gram  CO2  and  0*0592  gram 

H2O. 
01622  gram  of  substance  gave  23*8  c.c.  N  at  13°  and  771  mm. 

Found. 

Theory  for  , * ^ 

C9H4N(N62)2-0H.  I.  IL 

C 46-6  46*1  — 

H 21  2*2  — 

N 17-9  —  17-8 

The  compound  possesses  great  tinctorial  power  and  dyes  wool,  best 
in  slightly  ammonial  aqueous  solution,  a  beautiful,  pure  yellow, 
almost  indistinguishable  from  that  of  picric  acid. 

The  two  nitroquinolines  and  the  yellow  dye,  described  above,  seem 
to  be  the  only  products  of  the  nitration.  Some  alcoholic  mother 
liquors  once  deposited  plates  melting  at  54°  (all  the  four  known 
nitroquinolines  crystallise  in  needles),  but  they  were  found  to  consist 
of  ortho-and  ana-nitroquinoline  crystallised  together,  for  on  treatment 
with  nitric  acid  they  were  easily  separated  as  nitrates.  The  nitro- 
quinolines were  then  liberated  by  soda,  and  after  recryst  alii  sing  from 
light  petroleum,  identified  by  their  melting  points.  It  was  further 
shown  that  by  simply  mixing  about  equal  proportions  of  the  ortho- 
and  ana-nitro-compounds  (m.  p.  89^  and  72°  respectively)  the  melting 
point  of  the  mixture  was  reduced  to  53 — 54°. 


Part  III. — Anaqutnolinehydrazine. 

With  a  convenient  method  of  obtaining  unanitroquinolino  on  a 
large  scale,  the  preparation  of  the  corresponding  hydrazine  upon  the 
lines  followed  in  the  case  of  the  ortho-compound  was  found  to  present 
no  difiBculty.  The  compounds  obtained  differ  to  a  considerable  extent 
from  those  of  the  ortho-series  in  appearance  and  solubility.  One 
remarkable  feature  common  to  both  is  the  intense  red  colour  of  tlie 
monacid  salts  of  the  amine  and  hydrazine. 
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AnamidoquinoUne. 

Ananifcroqiiinoline  is  reduced  by  mixing  it  with  the  calculated  quan- 
tity of  stannous  chloride,  both  in  hydrochloric  acid  solution.  After 
the  nearly  solid  mixture  has  become  quite  cold,  caustic  soda  is  gradu- 
ally added  until  in  excess,  and  the  liquid  extracted  four  times  with 
ether.  The  ethereal  extract,  after  distilling  off  most  of  the  solvent,  is 
allowed  to  crystallise,  when  the  greater  part  of  the  amido-compound 
is  obtained  in  yellow  crystals,  practically  pure.  The  later  portions 
from  the  mother  liquor  are  darker,  and  may  be  best  purified  by 
crystallisation  from  hot  water. 

Unlike  the  ortho- compound,  anamidoquinoline  cannot  be  distilled 
even  under  diminished  pressure  without  considerable  loss ;  but,  being 
less  oxidisable  than  the  ortho- com  pound,  it  is  obtained  pure  in.  the 
way  above  described  without  any  difficulty. 

A  naquinoUneJiydrazi7ie . 

The  amido-compound  is  treated  with  hydrochloric  acid,  and  the 
hydrochloride  carefully  ground  in  a  mortar  to  an  impalpable  powder. 
It  is  then  mixed  with  a  considerable  excess  of  hydrochloric  acid,  and, 
after  cooling,  diazotised  in  the  ordinary  way.  The  solution,  after  being 
filtered  rapidly  through  a  hardened  filter  paper  on  a  Biichner  porce- 
lain funnel  to  separate  the  common  salt  which  has  crystallised  out, 
is  put  once  more  in  the  freezing  mixture,  and  the  calculated  quantity 
of  stannous  chloride,  dissolved  in  hydrochloric  acid,  added.  The 
stannochloride  of  the  hydrazine,  at  once  thrown  down,  is  collected, 
heated  with  much  water  in  a  large  dish,  and  a  current  of  sulphuretted 
hydrogen  passed  through  until  all  the  tin  is  precipitated.  After 
filtering  and  concentrating  the  solution,  the  dihydrochloride  of  the 
hydrazine  separates  out  in  the  form  of  beautiful,  lemon-yellow  needles 
which  turn  brown  at  225°  and  melt  at  248°. 

Analysis  confirms  the  formula 

NHNH-HCl 


HO         V  CH 

II. 
HC  '  CH 

\(/  \n^ 
H         HCl 

Calculated.  Found. 

CI 30-6  30-6 

YOL.  LXI.  3 


Calculnted  for 

CgHeN-NHNHa. 

Found. 

26-4 

26-3 
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On  treating  the  aqueous  solution  with  caustic  soda,  first  a  deep 
blood-red  colour  is  produced,  indicating  the  formation  of  the  mono- 
hydrochloride,  and  then,  with  excess  of  alkali,  a  greenish -white,  crys- 
talline precipitate  of  the  hydrazine  is  throw^n  down.  Kecrystallised 
from  water,  the  substance  forms  beautiful,  yellow  needles  which,  after 
drying  at  100°,  melt  at  150 — 151°.  The  aqueous  solution  of  the 
hydrazine  reduces  Fehling's  solution  slowly  in  the  cold,  but  rapidly 
when  heated,  with  evolution  of  nitrogen,  and  production  of  a  strong 
odour  like  that  of  quinoline. 

The  hydrazine  is  insoluble  in  light  petroleum,  sparingly  soluble  in 
benzene,  more  so  in  ether,  and  readily  in  alcohol. 

Upon  analysis — 

0'1298  gram  of  substance  gave  28*5  c.c.  N  at  17°  and  773  mm. 


N 


Anaquinolinesemicarhazide. 

On  adding  potassium  cyanate  to  a  solution  of  the  hydrazine  hydro- 
chloride in  water,  a  yellow  precipitate  is  thrown  down,  which  becomes 
nearly  white  on  heating.  This  substance,  the  semicarbazide,  crystal- 
lises from  water  in  needles,  and  in  small,  hard  prisms  from  alcohol,  in 
both  cases  being  slightly  brownish.  The  compound  softens  at  185°, 
and  decomposes  entirely  at  255°.  Crystallised  from  alcohol  and  dried 
in  a  vacuum,  it  still  contains  1  mol.  H2O,  which  is  driven  off  very 
slowly  even  at  100°. 

0-108 i  gram  of  substance  gave  23-2  c.c.  N  at  20°  and  772  mm. 

Cal ciliated  for 
C9H6N-NH-NH-CO-:j^ir2  +  FoO.       Found. 
N 25-4  25-4 

The  Pyruvic  Acid  Hydrazone. 

On  adding  pyruvic  acid  to  the  strong  aqueous  solution  of  the 
hydrazine  hydrochloride,  the  mixture  becomes  almost  solid  from  the 
separation  of  the  hydrochloride  of  the  pyruvic  acid  hydrazone.  This 
substance  may  be  recrystallised  from  water,  and  melts  at  193".  On 
the  addition  of  sodium  acetate  to  the  strong  aqueous  solution  of  the 
salt,  the  hydrazone  is  liberated  as  a  beautiful,  bright-red  crystalline 
precipitate,  differing  from  the  corresponding  ortho-compound  by 
being  soluble  in  water  and  by  its  vivid  colour;  this,  however, 
changes  to  yellow,  on  drying,  with  loss  of  water  of  crystallisation  ; 
the  substance  melts  at  185°. 
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For  analysis,  it  was  crystallised  from  alcoliol,  and  dried  at  100°:  — 

0*15  gram  of  substance  gave  23'2  c.c.  N"  at  17°  and  7„67  mm. 

Calculated  for 
C9H8N"-]S'H-N:C(CH3)-C00H.  Found. 

JST 18-3  18-3 


Anaquinindole-oL-carhoxylic  Acid. 

As  in  the  case  of  the  ortho-compound,  the  indole  condensation  takes 
place  with  remarkable  ease  when  the  pyruvic  acid  hydrazone  is 
simply  boiled  for  about  an  hoar  with  strong  hydrochloric  acid.  The 
liquid  darkens  and  becomes  filled  with  yellow  crystals,  which  are  the 
hydrochloride  of  the  indole  acid.  This  salt  may  be  recrystallised 
from  a  small  quantity  of  water,  but  much  water  precipitates  the  acid, 
which  is  almost  insoluble  in  water  and  alcohol.  It  may  easily  be 
crystallised,  however,  by  making  use  of  the  ready  dissociation  of  its 
ammonium  salt  by  heat.  The  acid  is  dissolved  in  water  with  addition 
of  a  few  drops  of  ammonia,  and  allowed  to  evaporate  in  a  beaker  on 
the  water-bath  ;  as  the  ammonia  is  driven  off,  the  acid  crystallises 
out  in  beautiful,  yellow  needles  which  decompose  at  about  300°. 

The  formula  of  the  compound, 

BN-C-COOH 
H  I    CH 

HC         7         C  ' 

I  I 

HO  I  CH 

\n/  \c/ 

H 
was  confirmed  by  the  following  analysis  : — 

0*1^15  gram  of  substance  gave  19*4  c.c.  N"  at  21°  and  761  mm. 

Calculated  for 
CiaHgNsOa-  Found. 

N 13-2  13-2 

The  Acetone  Hydrazone. 

On  mixing  the  hydrazine  and  acetone,  a  dark  syrup  forms  with 
evolution  of  heat ;  this  crystallises  completely  on  cooling,  and  is  then 
powdered  and  washed  with  cold  alcohol.  When  recrystallised  from 
hot  alcohol,  it  forms  large,  lustrous,  yellowish-brown  prisms  whiclf 
melt  at  138—140°. 

0*14  gram  of  substance  gave  254  c.c.  N  at  21°  and  762  mm. 

3  K  2 
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Calculated  for 
C9H6]S-NH-N:C(CH3)2.  Found. 

N 21-1  21-3 

The  Benzaldehyde  Hydrazone. 

On  mixing  tlie  hydrazine  with  benzaldehyde,  great  heat  is  evolved, 
and  a  solid,  crystalline  mass  obtained;  this  is  purified  in  the  same 
way  as  the  acetone  compound,  and  recrjstallised  from  boiling 
alcohol ;  it  forms  lustrous,  brown,  cube-like  crystals  which  melt  at 
194°. 

0"1502  gram  of  substance  gave  2117  c.c.  N  at  19°  and  763  mm. 

Calculated  for 
CgHgNNHNiCH-CeHg.  Found. 

IS" 17-0  17-0 


Anaquinolinemethylpyrazolone. 

On  mixing  the  hydrazine  and  ethyl  acetoacetate  in  molecular 
proportion,  a  dark  sjrup  is  formed  with  slight  evolution  of  heat. 
The  mixture  is  placed  in  the  steam  oven,  and,  after  several  hours, 
crystallisation  sets  in,  and  a  solid  mass  results ;  this  is  finely  pow- 
dered, and  washed  with  cold  anhydrous  acetone,  which  removes  the 
greater  portion  of  the  coloured  products  leaving  a  light-brown 
powder.  This,  the  pyrazolone,  is  then  purified  by  repeated  crystal- 
lisation from  water,  using  animal  charcoal,  when  it  becomes  white. 
The  substance  is  almost  as  soluble  in  cold  water  as  in  hot,  and  must 
therefore  be  crystallised  by  evaporation  in  a  vacuum  or  on  the  water- 
bath.  It  is  exceedingly  soluble  in  alcohol,  but  does  not  crystallise 
from  it.     The  pure  substance  melts,  without  decomposition,  at  186°. 

On  analysis : — 

01412  gram  of  substance  gave  22*3  c.c.  N  at  19°  and  753  mm. 

Calculated.  Found. 

N 1866  18-5 


which  confirms  the  formula 


CgHgN  (ana) 


N     CO 

II       I 
CHa-C— CHj 


Camlridge  University  Laboratory. 
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LXXI. — The  Origin  of  Colour.     Note  on  the  Appearance  of  Colour  in 
Quinoline  Derivatives  and  of  Fluorescence  in  Quinine  Salts. 

By  Heney  E.  Armstrong. 

Several  of  tlie  quinoline  derivatives  described  by  Dr.  Dnffcon  in  his 
two  papers  CTrans.,  1891,  756;  1892,  p.  782)  exhibit  noteworthy 
pecnb'arities  which  I  venture  to  think  merit  examination  from  the 
point  of  view  advocated  by  me  in  recent  years  in  discussing  the  re- 
lation of  colour  to  constitution  ("  The  origin  of  colour,"  Proc, 
1888,  27  ;  1892,  101)  ;  on  seeing  Dr.  Dufton's  preparations,  I  was 
fairly  startled  by  the  vividness  of  the  colour  which  several  possessed 
the  bright  red  of  the  acid  salts  of  the  amine  and  hydrazine  being 
especially  remarkable. 

The  nitroquinolines  display  a  faintly  yellow  colour,  but  it  is 
probable  that  this  is  conditioned  by  the  presence  of  traces  of  the 
hydroxy- derivative  or  quinolinol,*  the  discovery  of  whicb  among  the 
nitration  products  of  quinoline  is  of  interest,  as  it  affords  further 
evidence  that  the  production  of  nitro- substitution  derivatives  is  pre- 
ceded by  that  of  addition  compounds  (compare  Proc,  1891,  89). 

The  ortho-derivatives  described  by  Dr.  Dufton,  excepting  the 
pyruvic  hydrazone,t  apparently  are  colourless  substances ;  the  ana- 
derivatives,  however,  are  mostly  coloured ;  it  could  scarcely  have 
been  predicted  that  such  compounds  would  manifest  colour,  and  in 
consequence  it  appears  necessary  to  reconsider  their  structure.  I  have 
no  hesitation  in  asserting  that  they  must  be  quinonoid  compounds. 

It  is  a  noteworthy  circumstance  that  quinonoid  formulae  cannot  be 
assigned  to  the  ortho-compounds,  which,  in  point  of  fact,  are  colourless, 
it  being  impossible  to  dispose  of  the  affinities  except  in  the  conven- 
tional manner ;  but  this  is  not  the  case  with  the  ana-derivatives  :  the 
ana-amide,  for  example,  may  be  represented  thus  : — • 


*  -inol  appears  to  be  an  appropriate  systematic  termination  for  -oU  derived  from 
azotised  basic  cjcloids ;  the  prefixes  homo-  and  hetero-  might  be  iised  to  indicate  the 
presence  of  the  hydroxy  1  either  in  the  same  nucleus  with  the  nitrogen  or  in  that 
remote  from  it.     Dr.  Dufton's  compound  is  doubtless  a  dinitroheteroquinolinol. 

t  Many  hydrazones  are  described  as  coloured,  but  it  is  not  certain  that  they  are 
as  a  class :  being  very  sensitive  and  easily  altered  by  exposure  to  light  and  air,  it  is 
probable  that  the  colour  is  due  in  some,  if  not  in  all,  cases  to  the  presence  of  im- 
purity. 
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Ana-"  ami(lo-"quinoline.  Ananitroquinoline.* 

It  is  "here  assumed  that  the  "centric"  (C)  structure  of  quinoline  is  pre- 
served in  the  case  of  the  nitro-compound,  while  the  "  ethenoid  "  struc- 
tnre  of  an  orthoquinone  is  assumed  by  the  ana- amine  in  consequence 
of  the  transference  of  an  hydrogen  atom,  and  that  the  latter  is  in 
reality  (in  the  form  of  acid  salt)  an  imido-  and  not  an  amido-compound. 
Looked  at  in  the  manner  advocated  by  Bamberger,  the  "  amine  "  is  the 

^'\^  .    .  . 

equivalent  of  a  tri- derivative  of  the  type  11      1    ;  i.e.,  it  is  a  mono-de- 

rivative  of  a  compound  of  the  orthoquinone  type.  From  this 
point  of  view,  the  appearance  of  colour  in  the  ana- derivatives  of 
quinoline,  being  conditioned  by  isodynamic  change  (Proc,  1892,  203), 
is  evidence  of  considerable  intramolecular  mobility. 

Finally,  I  wish  to  point  out  that  it  may  eventually  prove  to  be 
possible  to  explain  the  fluorescence  of  certain  salts  of  quinine  by  the 
application  of  a  similar  principle.  In  my  first  communication  on  the 
origin  of  colour,  I  said  that  anthracene  was  "  significantly  fluorescent," 
having  the  idea  before  me  that  fluorescence  might  be  regarded  as 
"the  beginning  of  colour,"  and  further  study  of  the  question  has 
served  to  confirm  this  opinion ;  anthracene,  if  represeuted  as  unsym- 
metrical  (compare  Proc,  1890,  102),  a  view  which  its  entire  behaviour 
justifies  and  indeed  enforces,  is  a  compound  of  the  orthoquinone  type, 

C  ,  and  it  is  significant  that  fluorene,  which   cannot  be 


so  represented,   has  proved  to  be  non-fluorescent  (Hodgkinson  and 
Matthews,  Trans.,  1883,  43,  163). 

It  is  well  known  that  the  oxy-salts  of  quinine  are  alone  fluorescent, 
salts  like  the  chlorhydride  not  being  so ;  it  is  conceivable  that  this  is 
due  to  the  inferior  stability  of  the  former  in  solution,  and  that  owing 
to  the  occurrence  of  dissociation,  a  condition  is  engendered  favouring 
the  passage  by  isodynamic  change  from  the  non-fluorescent  centric 
to  the  fluorescent  ethenoid  condition,  such  as  it  has  been  above  sug- 
gested takes  place  in  the  case  of  ana-derivatives  of  quinoline. 

*  The  formula  here  used  is  that  suggested  by  me  in  1887  (compare  Journ.  Soc. 
CJieni.  Ini.,  486),  a  line  being  drawn  across  the  angle  instead  of  printing  in  the  N 
Bjmbol. 
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LXXn.— COT^TRIBUTIONS    FROM   THE    LABORATORY   OP 
GONVILLE  AND  CAIUS  COLLEGE,  CAMBRIDGE. 

No.  XXV. — Dicarhoxyglutaconic  Acid. 

By  S.  RuHEMANN,  Ph.D.,  M.A.,  and  R.  S.  Morrell,  B.A. 

The  study  of  the  ethereal  salt  of  this  acid  was  undertaken  with  the 
view  of  ascertaining  whether  the  action  of  ammonia  caused  condensa- 
tion, with  the  formation  of  a  derivative  of  pyridine,  as  in  the  case  of 
citric  and  aconitic  acids.  Though,  as  previously  shown  (Trans., 
1891,  59,  743),  such  a  change  really  does  occur,  giving  rise  to  the 
diamide  of  dihydroxydinicotinic  acid,  only  a  small  portion  of  the 
ethereal  salt  undergoes  this  transformation  under  the  conditions  of 
our  experiments,  the  larger  part  splitting  up  into  malonamide  and 
the  ethylic  salt  of  amidoethylenedicarboxylic  acid,  according  to  the 
equation 

(C00C,H5)2CH-CH:C(C00C2H5)2  +  3NH3  =  CHiCCONH^)^  + 

2C2H5-OH  +  NH2-CH:C(C00C2H5)2. 

An  analogous  action  takes  place  with  the  derivatives  of  the  ethereal 
salt  of  dicarhoxyglutaconic  acid.  The  benzyl  derivative,  when  acted 
on  by  strong  ammonia,  yields,  besides  benzylmalonamide,  the  same 
substance,  namely,  the  ethereal  salt  of  amidoethylenedicarboxylic 
acid.  To  the  analysis  of  this  compound,  published  in  our  previous 
paper,  we  can  now  add  the  determination  of  its  molecular  weight  by 
Kaoult's  method,  using  benzene  as  the  solvent. 

Weight  of  substance , . . .  0"8372  gram 

„  benzene 22*4990  grams 

Melting  point  of  benzene 4'98'' 

„  the  mixture 4*60° 

Depression  of  the  melting  point 0*38° 

Molecular    weight   derived    from    the 

above  data 1 90 

Theory  for  CsHnNO^ 187 

The  action  of  ammonia  on  the  ethyl  salt  of  dicarhoxyglutaconic 
acid  does  not  seem  to  go  so  far  as  to  bring  about  the  formation  of  the 
diamide  of  amidoethylenedicarboxylic  acid.  Even  on  allowing  the 
ethyl  salt  to  remain  in  contact  with  strong  aqueous  ammonia  for  a 
long  time,  the  action  proceeds  for  the  most  part  according  to  the 
above  equation.     However,  in  the  course  of  several  months,  there  is 


792  RUHEMANN  AND  MORRELL  : 

produced,  besides  the  ethereal  salt  of  amidoethylenedlcarboxylic  acid, 
a  small  quantity  of  the  monamido-compound,  having  the  formula 
CH(NH2):C(CO-NH2)-COOC2H5. 

This  substance  is  easily  isolated ;  the  solid  which  separates  from 
the  ammoniacal  solution,  after  the  removal  of  most  of  the  ammonia 
by  a  current  of  air,  is  shaken  with  ether,  which  dissolves  the  ethyl 
salt  of  amidoethylenedicarboxylic  acid,  leaving  the  monamide.  On 
recrystallisation  from  hot  water,  it  separates  in  colourless  plates 
melting  at  169 — 170°;  it  gave  numbers  corresponding  with  the 
formula  CH(NH2):C(CO-]SrH2)-COOaH5. 

I.  0'1905  gram  of  substance  gave  0*1140  gram  H2O  and  0-3150 

gram  CO2. 

II.  0-1702  gram  of  substance  gave  0-1015  gram  H2O  and  0  2835 

gram  CO2. 

III.  0-1085  gram  of  substance  gave  16  6  c.c.  moist  nitrogen  at  20* 

and  763  mm. 

Found. 

Theory  for  ^ * . 

CfiHioNPa.  I.  II.  III. 

C 45-56  45-10        45-40  — 

H 6-33  6-65  663  — 

N 17-72  —  —  17-56 

An  attempt  to  displace  the  other  ethoxy-group  of  the  ethyl  salt  of 
amidoethylenedicarboxylic  acid  by  an  amido-group  was  unsuccessful. 
On  heating  the  diethyl  salt  with  strong  aqueous  ammonia,  in  a  closed 
tube  at  100°,  it  is  decomposed,  most  probably  in  the  manner  indicated 
by  the  following  equation  : — 

CH(NH2):C(COOC2H5)2  +  2NH3  +  H2O  =  HCON-Hs  + 

CHaCCO-XHoJo. 

The  contents  of  the  tube,  when  evaporated  on  the  water-bath,  left 
a  white,  crystalline  substance  which,  after  recrystallisation  from 
water,  melted  at  169—170°. 

This  was  identified  as  malonamide  by  its  behaviour  and  by  a 
nitrogen  determination. 

00995  gram  of  substance  gave  23-8  c.c.  moist  nitrogen  measured 
at  19°  and  757  mm. 

Theory  for 

C3H6X2O3.  Found. 

N 27-45  27-38 

The  splitting  up  of  ethyl  amidoethylenedicarboxylate,  which  takes 
place  under  the  influence  of   boiling  aqueous  ammonia,  also  occurs 
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when  it  is  heated  with  baryta  water.  The  study  of  this  reaction  was 
undertaken  with  the  view  of  isolating  the  hydroxyethylenediearb- 
oxylic  acid.  From  the  barium  determination  of  the  former  salt  we 
were  led  to  regard  It  as  the  barium  salt  of  the  hydroxy-acid  {loc.  cit., 
p.  748).  On  further  investigation  we  found,  however,  that  it  was  a 
mixture  of  the  barium  salts  of  formic  and  malonic  acids ;  for,  on 
decomposing  it  with  dilute  sulphuric  acid  and  repeatedly  shaking  the 
filtrate  from  the  barium  sulphate  with  ether,  an  organic  acid  was 
extracted  which  crystallised  from  alcohol  in  prisms  melting  at  131°. 

The  analysis  gave  numbers  corresponding  with  the  formula  for 
malonic  acid. 

01695  gram  of  substance  gave  0*0603  gram  HgO  and  02145  gram 
CO2. 

Theory  for 

C3H4O4.  Foxind. 

C   34-61  34-51 

H 3-84  3-95 

The  presence  of  formic  acid  was  verified  by  its  reactions.  The 
formation  of  malonic  acid  from  ethyl  amidoethylenedicarboxylate  in- 
dicates that  the  latter  is  first  transformed  into  the  barium  salt  of 
hydroxyethylenedicarboxylic  acid,  which,  however,  under  the  influ- 
ence of  baryta  undergoes  decomposition  in  exactly  the  same  way  as 
the  hydroxyethylene  compounds  in  general  do  when  boiled  with 
alkalis  (see  Claisen,  Ber.,  25,  1781). 

The  interesting  change  which  these  ethereal  salts  undergo  in  con- 
tact with  strong  aqueous  ammonia  induced  ns  to  investigate  the 
action  of  other  organic  bases  on  them,  in  order  to  ascertain  whether 
under  their  influence  an  analogous  change  takes  place.  We  have  at 
present  completed  the  study  of  the  action  of  phenylhydrazine  on  the 
above-mentioned  compounds,  and  have  found  that  they  are  resolved 
in  the  same  way  as  when  ammonia  is  used.  Both  ethereal  salts  give 
rise  to  a  derivative  of  pyrazolone. 

Action  of  Phenylhydrazine  on  the  Ethereal  Salts  of  Vicarhoxyglutaconic 

Acid. 

On  mixing  equal  weights  of  phenylhydrazine  and  ethyl  dicarboxy- 
glutaconate  in  a  flask  fitted  with  a  condenser,  an  action  ensues  with 
evolution  of  heat,  and  if  the  mixture  is  then  heated  011  the  water- 
bath,  it  gives  off  ammonia,  nitrogen,  and  benzene.  As  soon  as  gas 
ceases  to  be  evolved,  the  flask  is  removed  from  the  water- bath,  and, 
after  a  short  time,  colourless  needles  separate  from  the  dark  oil,  the 
separation  being  accelerated  by  the  addition  of  ether.     The  precipi- 
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tate  is  washed  witli  ether  until  the  washings  are  coloiirless,  and  the 
crystals  dried  in  a  vacuum  over  sulphuric  acid. 

On  analysis,  the  following  numbers  were  obtained:  — 

1.  0-lol5  gram  of  substance  gave  0-0983  gram  H3O  and  03204 

gram  CO2. 
IT.  01638  gram  of  substance  gave  0'1003  gram  H2O  and  0-3235 
gram  CO2. 

III.  0-1638  gram  of  substance  gave  22  c.c.  moist  nitrogen  measured 

at  21"  and  761  mm. 

IV.  01582    gram   of    substance    gave    22*2    c.c.    moist    nitrogen 

measured  at  24°  and  7o3  mm. 

Found. 

Theory  for  , * ^ 

Ci2Hi;N304.  I.  II.  III.  IV. 

C 5393  53-45       5386         —  — 

H 6-36  6-74        6-78         —  — 

N 15-74  —  —  15-30      15-65 

The  above  analyses  indicate  that  the  composition  of  the  product 
can  be  represented  by  the  expression  CiaHnNaOi.  This  formula  may 
be  interpreted  as  follovs^s  :  the  ethereal  salt  of  dicarboxyglutaconic 
acid,  when  heated  with  phenylhydrazine,  is  resolved  into  the  ethyl 
salts  of  phenylhydrazilethylenedicarboxylic  acid  and  malonic  acid, 
according  to  the  equation 

ch(cooc2H5)2-ch:c(Cooc,H5)2  +  CbHs-nh-nh^  = 

CeH5-NH-NH-CH:C(COOC2H5)2  +  CH2(COOC2H5)o. 

The  hydrazine  compound  then  loses  alcohol,  yielding  ethyl  phenyl- 

N-CeHs 


pyrazolonemonocarboxylate,  HN     CO 

HC— C-COOC^Hs 
This,  however,  is  not  the  final  product,  for  part  of  the  phenylhydr- 
azine used  decomposes  into  nitrogen,  ammonia,  and  benzene,  and  the 
ammonia    then    combines   with   the    pyrazolone   compound,   yielding 

N-CeHs 


the  ammonium  salt,  NHi'N     CO  . 

HC-C-COOC^Hs 
This  salt,  however,  rapidly  absorbs  water,  1  mol.  of  which  is 
retained  even  in  a  vacuum  over  sulphuric  acid.  An  attempt  was 
made  to  remove  this  molecule  of  water  by  heating  the  salt  at  100°, 
but  at  this  temperature  it  partially  dissociates  into  ammonia  and 
ethyl  phenyl  pyrazolonemonocarboxylate.  This  decomposition  occurs 
also  when  it  is  boiled  with  water. 
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The  second  product  of  the  action  between  ethyl  dicarboxyglut- 
aconate  and  phenylhjdrazine  is  ethyl  malonate.  This  was  isolated 
from  the  ethereal  solution  in  the  following  manner: — The  ether  was 
distilled  off,  and  steam  passed  through  the  remaining  dark-coloured 
oil;  ethyl  malonate  and  phenylhydrazine  passed  over,  leaving  a  resin. 
The  distillate  was  then  treated  with  dilute  hydrochloric  acid  and 
shaken  with  ether;  and  the  latter,  on  evaporation,  left  an  oil  w^hich 
boiled  at  194°,  and  on  analysis  gave  numbers  agreeing  with  the 
formula  CH2(COOC2H5)2. 

0'1985  gram  of  substance  gave  0'1330  gram  HgO  and  0-3803  gram 
CO.,. 

Theory  for. 
C;Hi204.  round. 

C 52-50  52-25 

H 7-5  7-44 

The  resolution  of  ethyl  dicarboxglutaconate,  under  the  influence  of 
phenylhydrazine,  into  the  pyrazolone  compound  and  ethyl  malonate, 
which  is  so  readily  effected  at  100°,  also  takes  place  at  the  ordinary 
temperature,  though  very  slowly. 

Action  of  Phenylhydrazine  on  Ethyl  Benzyldicarhoxyglutaconate. 

This  action  presents  a  close  similarity  to  that  of  the  hydrazine  on 
ethyl  dicarboxjglutaconate,  for  when  phenylhydrazine  and  ethyl 
benzyldicarboxjglutaconate  are  mixed  in  the  proportion  of  4-3  grams 
of  the  former  to  5  grams  of  the  latter  no  action  takes  place  at  first, 
but  on  heating  to  100°  on  a  water-bath  a  rapid  evolution  of  gas  sets 
in.  As  soon  as  this  ceases,  the  contents  of  the  flask  are  cooled,  and 
ether  added,  when  a  white  solid  is  thrown  down,  which,  from  its 
behaviour  and  by  a  nitrogen  determination,  was  shown  to  be  the 
ammonium  salt  of  ethyl  phenylpyrazolonemonocarboxylate. 

0-1788   gram    of    the    substance    gave    24   c.c.   of   moist   nitrogen 
measured  at  21°  and  760  mm. 

Theory  for 
C12H17N3O4.  Found. 

N 15-74  15-30 

The  ethereal  filtrate  from  this  compound  was  shaken  with  hydro- 
chloric acid,  and  the  oil  obtained  on  removal  of  the  ether  was 
distilled  under  diminished  pressure.  The  boiling  point  w^as  found  to 
be  187"  under  a  pressure  of  30  mm. 

An  analysis  showed  it  to  be  ethyl  benzylmalonate, 

C6H6-CH2-CH(COOC2H5)2. 
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0*1930  gram  of  substance  gave  0*1255  gram  OHj  and  0*4742  gram 

Theory  for 

Ci4Hi'804.  Found. 

C 67*20  66-96 

H 7-20  7*22 

Besides  the  ammonium  salt  of  ethyl  phenylpjrazolonemonocarb- 
oxylate  and  ethyl  malonate,  a  small  quantity  of  another  substance 
was  found,  to  have  been  produced  by  the  action  of  phenylhydrazine 
on  ethyl  benzyldicarboxyglataconate.  This  is  contained  in  the 
ethereal  filtrate  from  the  pyrazolone  derivative,  and  is  precipitated 
from  it  by  the  addition  of  hydrochloric  acid.  The  compound  is 
insoluble  in  water,  but  soluble  in  alcohol  and  acetic  acid,  and  crystal- 
lises from  them  in  leaflike  aggregates  of  needles.  It  melts  at  258°, 
and  is  readily  taken  up  by  alkalis. 

The  very  small  yield  prevented  us  from  fully  examining  this  sub- 
stance, the  amount  at  our  disposal  being  only  sufficient  for  a  nitrogen 
de  termin  atio  n . 

0*1623   gram    of   substance    yielded    21*8    c.c.    of   moist   nitrogen 

measured  at  24°  and  757  mm. 
This  corresponds  to  14*97  per  cent,  of  nitrogen. 

The  compound  is  no  doubt  the  result  of  the  action  of  phenylhydra- 
zine on  etnyl  benzylmalonate,  as  it  is  not  formed  when  the  hydrazine 
and  ethyl  dicarboxyglutaconate  are  heated  together. 

The  percentage  of  nitrogen  found,  14*97,  agrees  with  that  required 
by  the  hydrazide  of  benzylmalonic  acid, 

CeHs-CH/CHCCO-NH-NH-CeHs)^, 

namely,    14*97    per   cent.,    as  well  as  with   that   of    the  azimide   of 

PO'N^IT 
benzylmalonic   acid,   CeHs'CHa'CHK^PQ^xTTr^N'CeHg,  namely,  14*94 

per  cent. 

In  order  to  ascertain  whether  the  compound  is  really  the  hydrazide, 
we  prepared  the  latter  by  heating  for  a  short  time  a  mixture  of 
phenylhydrazine  with  ethyl  benzylmalonate.  On  the  addition  of 
alcohol,  colourless  crystals  were  deposited,  which,  although  almost 
insoluble  in  alcohol,  dissolved  in  hot  glacial  acetic  acid,  and  on  cool- 
ing, separated  as  colourless  needles,  very  different  from  the  leaflike 
aggregates  of  needles  of  the  other  sub.stance.  The  compound,  which 
is  the  hydrazide  of  benzylmalonic  acid,  melts  at  242 — 243°,  and  is 
insoluble  in  alkalis.  A  nitrogen  determination  gave  the  following 
numbers : — 

0*1515  gram  of  substance  yielded  20*2  c.c.  of  moist  nitrogen  at  22° 
and  756  mm. 
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Theory  for 

C22H22N4O2.  Found. 

K 14-97  15-01 

The  bye-producfc  of  the  action  of  phenylhydrazine  on  ethyl  benzyl- 
dicarboxyglutaconate  is  therefore  probably  the  azimide  of  benzyl- 
malonic  acid. 

Phenyljpyrazolonemonocarhoxylic  Acid. 

The  substance  formed  from  the  ethereaj  salts  of  dicarboxyglutaconic 
acid  and  its  benzyl  derivative,  we  regard  as  the  ammonium  salt  of 

/\ 

phenylpyrazolonemonocarboxylic  acid,  NHi'N"     CO 

HCziC-COOCaHs. 

This  view  is  supported  by  the  behaviour  of  the  compound.  The 
aqueous  solution  of  the  ammonium  salt,  when  treated  with  dilute 
hydrochloric  acid,  is  decomposed,  colourless  crystals  being  precipitated, 
which  are  readily  dissolved  by  ether,  leaving  ammonium  chloride  in 
the  aqueous  solution.  That  ammonia  is  the  base  combined  with  the 
pyrazolone  compound  was  proved  by  precipitating  the  platinochloride 
from  the  solution  by  platinic  chloride,  the  analysis  giving  43-87  per 
cent,  of  platinum. 

The  pyrazolone  compound  is  slightly  soluble  in  cold  water,  more 

readily  in  boiling  water,  and  on  cooling  crystallises  in  needles,  which 

melt  not  quite  sharply  at  116°.     The   substance,  dried  in  a  vacuum 

over  sulphuric  acid,  gave,  on  analysis,  numbers  which  agree  with  the 

N-CeH, 

/\ 

formula  HN     CO 

HCZZC-COOC^H, 

I:  0-1835  gram  of  substance  gave  0-0920  gram  HgO  and  0-4180 

gram  CO2. 
II.  0-1507  gram  of  substance  gave  0*0705  gram  H2O  and  0-3172 

gram  CO2. 
111.  0-1848   gram    of    substance   gave    196   c.c.    moist    nitrogen 

measured  at  18°  and  7QQ  mm. 
lY.  0-1465    gram    of    substance   gave   15-4    c.c.    moist    nitrogen 
measured  at  21°  and  763  mm. 

Found. 

Theory  for  f * . 

CisHiaNsOj.  1.  II.  III.  IV. 

C ; . . . .      62-07  62-12      62-00       —  — 

H 5-17  5-57        5-60       —  — 

N 1207  -«  —       12-34      12-00 
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Etliyl  phenylpjrazoloneraonocarboxylafe  has  acid  properties,  for  it 
is  readily  dissolved  by  ammonia  and  alkalis.  On  the  addition  of 
silver  nitrate  to  the  neutral  solution  of  the  ethereal  salt  in  ammo- 
nia, it  yields  a  stable  silver  salt,  insoluble  in  water;  it  is  identical 
with  that  thrown  down  by  silver  nitrate  from  the  original  product 
of  the  action  of  phenylhydrazine  on  the  ethereal  salt  of  the  dicarb- 
oxyglutaconic  acid.  Analysis  proved  the  silver  salt  to  have  the 
N-CeHs 
/\ 
formula  AgN     CO 

HCzzC-COOaHs 

I.  0*2344  gram  of  substance  gave  0'0730  gram  HgO  and  0*3658 
gram  CO^. 
IT.  0*3910  gram  of  substance  left  on  ignition  0*1242  gram  Ag. 
:     III.  0*6250  „  „  „  ,,        0*1975 

lY.  0  3935  „  .,  „  „        0*1250 


Theory  for 


Found. 


CisHnAggNaOa.  T.               II.             III.  IV. 

C 42*47  42*56         _.            _  __ 

H 3  24  3*46         _           _  _ 

Ag 31*85  —  31*76  31*60  31*75 

Ethyl  Phenylmethylpyrazolonemonocarhoxylafe. 

This  is  formed  on  heating  the  dry  silver  salt  with  methyl  iodide  on 
the  water-bath  in  a  flask  fitted  with  a  reflux  condenser.  To  separate 
it  from  the  silver  iodide,  the  product  is  repeatedly  extracted  with 
other,  and  the  ethereal  salt  evaporated,  when  an  oil  is  obtained, 
which  soon  solidifies  to  a  crystalline  mass.  This,  on  recrystallisation 
from  alcohol,  yields  long,  colourless  needles  melting  at  71 — 72*". 

The  analytical  data  agreed  with  the  formula  CHa'N"     CO 

HOlzC-COOCaHs 

I.  0*1965  gram  of  substance  gave  0*1013  gram  H.^O  and  0*4569 
gram  CO2. 
II.  0*1818  gram  of  substance  gave  18  c.c.  of  moist  nitrogen  at  20" 
and  766  mm. 

Found. 

Theory  for  ^ ^ ^ 

CisHh^oOs.  I.  II. 

C   63*41  63*41  — 

H  5*69  572  — 

N 11-38  ~  11*42 
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1  :  5  :A-PJienylpyrazolonemonocar'box2jUc  Acid. 

The  hydrolysis  of  the  ethyl  salt,  described  above,  is  best  effected 
by  boiling  it  with  aqueous  potash  on  a  sand-bath  in  a  flask  fitted 
with  a  reflux  condenser.  The  action  is  completed  after  tliree 
hours,  when  the  flask  is  cooled,  and  dilate  hydrochloric  acid  added 
to  the  alkaline  solution ;  the  almost  colourless  precipitate  which 
is  thrown  down  is  collected  and  washed  with  water  until  the 
filti'ate  remains  clear  on  the.  addition  of  silver  nitrate.  In  order  to 
remove  any  unaltered  ethereal  salt,  the  product  is  washed  with  ether, 
in  which  it  is  only  slightly  soluble.  For  analysis,  it  was  dried  in  a 
vacuum  over  sulphuric  acid,  and  gave  results  proving  the  substance 

/\ 
tobe  phenylpyrazolonemonocarboxylicacid,  HN     CO 

HC:=C-COOH 

I.  0*1815  gram  of   substance  gave  0"0695  gram  H2O  and  0-3907 
gram  CO2. 
II.  O'ltiiiO  gram  of  substance  gave  19*8  c.c.  moist  nitrogen  at  2cl° 

and  764  mm. 

Found. 

Theory  for  ^ ^ ^ 

CioHgNjOs.  I.  II. 

C   58-82  58-70  — 

H 3  92  4-25  — 

N 13-72  —  13-85 

Phenylpyrazolonemonocarboxylic  acid  is  not  very  stable  ;  it  de- 
composes at  91 — 92°  with  evolution  of  carbon  dioxide,  and  the  same 
decomposition  takes  place  on  boiling  it  with  water. 

It  is  very  soluble  in  alcohol  and  in  acetone,  is  readily  soluble  in 
ammonia  and  alkalis,  and  the  neutral  ammoniacal  solution  on  the 
addition  of  silver  nitrate,  yields  a  slightly  coloured  silver  salt  which 
darkens  on  warming. 

Fhen  yljpyrazolone. 

The  pyrazolonemcnocarboxylic  acid,  as  mentioned  above,  is  readily 
decomposed  by  boiling  water  with  the  evolution  of  carbon  dioxide. 
The  concentrated  aqueous  solution,  on  cooling,  deposits  prisms,  which, 
on  repeated  recrystallisation  from  alcohol,  become  colourless,  and 
melt  at  118°. 

A  nitrogen  determination  proved  the  substance  to  be  phenylpyrazol- 
N-CeH, 

/\ 

one,   HN     CO 
HCZZCH 
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0 1390   gram    of  substance    yielded    2l"6   o.c.   of    moist   nitrogen 
measured  at  22"'  and  756  inm. 

Theory  for 

CgHsNaO.  Found. 

N 17-50  17-50 

Phenylpyrazolone  is  very  soluble  in  mineral  acids,  and  also  in 
alkalis,  a  behaviour  which  characterises  it  as  a  base  as  well  as  an 
acid. 

In  conclusion  we  may  add  that  we  intend  to  continue  the  study  of 
the  ethereal  salts  of  dicarboxyglutaconic  acid  and  its  derivatives  on 
the  lines  already  indicated  in  this  paper. 
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Introduction. 

Ever  since  the  discovery  of  etliyl  acetoacetate  by  Geuther  in  1863, 
the  constitution  of  this  ethereal  salt  has  been  the  subject  of  much 
discussion,  and  notwithstanding  the  fact  that  it  has  been  more 
fully  investigated  than  almost  any  other  chemical  compound,  this 
question  of  its  constitntion  is  still  disputed.  This  is  the  more 
remarkable  w^hen  it  is  considered  that  only  two  formulae  can  be 
brought  forward  to  account  for  the  properties  of  this  substance, 
namely  : — 

I.  II. 

CHa.CO-CHa-COOC^Ha.  CH3-C(OH):CH-COOC2H5. 

The  ketonic  formula.  The  hydroxylic  formula. 

The  ketonic  formula  was  first  suggested  by  Frankland  and  Duppa ; 
the  hydroxylic  formula  is  the  one  which  was  proposed  by  Geuther. 

The  difficulty  of  deciding  between  these  formulae  lies  in  the  fact 
that  either  may  be  taken  as  almost  equally  well  explaining  the 
reactions  of  the  substance,  and,  again,  it  is  conceivable  that  it  may  at 
times  act  as  a  ketonic  compound,  and  at  others  as  a  hydroxy-deriva- 
tive ;  in  other  words,  the  two  formulas  may  be  called  tautomeric. 

Among  the  latest  contributions  to  the  discussion  of  this  question 
of  the  constitution  of  ethyl  acetoacetate  is  a  long  and  important 
paper  by  Nef  (Avnalen,  266,  52),  who,  from  the  results  of  a  number 
of  interesting  experiments,  concludes  that  the  hydroxylic  formula  is 
the  correct  one,  and  that  the  ketonic  constitution,  and  also  the  idea 
of  tautomerism,  of  the  two  formulae  must  be  regarded  as  disproved. 

In  support  of  the  ketonic  formula  v.  Pechmnnn  brings  forward  a 
number  of  new  arguments.  He  compares  side  by  side  the  properties 
of   ethyl  acetoacetate  and  ethyl  formylacetate,   and  argues   that  as' 
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thes'e    substances  differ  so  materially  in  properties,  they  cannot  be 
analogously  constituted. 

For  the  ethyl  formylacetate,  as  for  the  ethyl  acetoacetate,  two 
formulae  are  possible  : — 

I.  IT. 

CHO'CH^-COOCaHs.  CH(OH):CH-COOC2H5. 

The  first,  suggested  by  W.  Wislicenus  (Bar.,  20,  2930),  represents  the 
substance  as  an  aldehyde,  and  analogously  constituted  to  the  ketonic 
form  of  ethyl  acetoacetate.  The  second,  suggested  by  Claisen  (Sitz- 
ungshericJit  d.  h.  Bayer  Akademie  der  Wissenschaftpn^  20,  264),  repre- 
sents the  substance  as  a  derivative  of  vinyl  alcohol  corresponding  to 
the  hydroxy- form  of  ethyl  acetoacetate,  and  v.  Pechmann  argues  that 
from  its  behaviour  with  different  reagents,  it  is  impossible  that  ethyl 
formylacetflte  and  ethyl  acetoacetate  can  be  analogously  constituted. 
Having  shown  that  ethyl  formylacetate  has  the  hydroxylic  formula,  he 
concludes  that  ethyl  acetoacetate  can  only  have  the  ketonic  formula. 

Claisen  has  likewise  written  a  valuable  paper  on  this  subject, 
strongly  advocating  the  ketonic  constitution  of  ethyl  acetoacetate 
{Ber.,  25,  1776),  and  just  recently  Nef  again  refers  to  this  subject, 
objecting  to  the  arguments  which  have  been  used  by  v.  Pechmann 
(Proc.  Amer.  Acad.,  1892,  160).  IMichael  has  also  lately  written 
another  paper  (/.  pr.  Chem.,  46,  189),  in  which  he  calls  in  question 
the  correctness  of  some  of  Nef's  experiments,  especially  those  from 
which  he  has  drawn  the  most  important  conclusions. 

On  considering  this  subject,  it  appeared  to  me  that  it  must  be 
always  a  matter  of  great  difficulty  to  decide  definitely  the  constitution 
of  substances  of  the  nature  of  ethyl  acetoacetate  or  other  ketonic 
derivatives  from  the  study  of  their  chemical  properties  alone,  more 
especially  when  it  is  considered  that,  even  if  they  usually  possess  the 
ketonic  constitution,  they  may  in  many  of  their  reactions  act  in  a 
tautomeric  form,  and  that  it  would  therefore  be  valuable  if  some 
physical  method  could  be  used  which  would  discriminate  clearly 
between  the  ketonic  and  hydroxylic  forms  of  such  substances. 

The  most  important  point  of  difference  between  these  two  classes 
of  substances  is  that  the  ketones  are  saturated  compounds,  whereas 
their  hydroxylic  isomers  are  unsaturated. 

To  distinguish  between  these,  the  study  of  their  refractive  powers 
is  one  method  which  can  be  adopted,  and  Briihl  (Ber.,  25,  369)  has 
lately  shown  that  in  the  case  of  ethyl  acetoacetate  numbers  are 
obtained  which  are  in  favour  of  the  ketonic  formula. 

In  my  previous  researches  I  have  repeatedly  called  attention  to  the 
fact  that  very  considerable  differences  are  observed  between  the  mag- 
netic rotation  of  saturated  and  unsaturated  compounds,  the  latter 
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giving  much  larger  numbers  than  the  former,  and  it  appeared  to  me 
that  this  method  might  in  the  present  instance  be  very  valuable  in 
distinguishing  between  saturated  ketonic  substances  and  their  unsatu- 
rated hydroxjlic  isomers,  especially  if  in  some  cases  the  refractive 
and  dispersive  powers  were  likewise  examined  in  confirmation  of  the 
resuUs. 

A  preliminary  account  of  some  of  the  results  in  connection  with 
fhis  subject  are  published  in  the  Proceedings  of  this  Society  (May  19, 
1892,  p.  100). 

In  the  paper  by  Professor  Clai sen  (Ber.,  25,  1779),  on  the  constitu- 
tion of  ethyl  acetoacetate,  already  referred  to,  he  also  draws  attention 
to  my  determination  of  the  magnetic  rotation  of  this  substance, 
showing  that  this  strongly  favours  the  ketonic  formula  for  that  body. 

Methods  of  Estimating  the  Magnetic  Rotations. 

Before  considering  the  results  I  have  obtained,  it  will  be  best 
to  consider  what  are  likely  to  be  the  differences  in  the  rotations 
between  these  ketonic  and  isomeric  hydroxylic  compounds,  and  how 
they  can  best  be  deduced. 

The  difference  in  rotation  between  a  saturated  and  an  unsaturated 
compound  of  a  similar  kind  differing  by  Hj  is  in  most  cases  approxi- 
mately the  same ;  in  allyl  compounds,  however,  as  allyl  alcohol  and 
carboxylic  compounds,  with  which  it  is  associated,  it  is  lower  than  in 
most  other  compounds  (0*914)  ;  leaving  this  special  case  out,  the  fol- 
lowing is  a  list  of  the  most  important  comparisons  between  the  rota- 
tions of  saturated  and  unsaturated  bodies  : — 

Ethyl  a-crotonate  and  butyrate 1*112 

Ethjl  oleate  and  stearate 1*112 

Methyl   isobutenyl   ketone  (mesityl  oxide), 

and  methyl  isobutyl  ketone 1*145 

Ethyl  itaconate  and  glutarate 1*120 

Ethyl  citraconate  and  glutarate 1*170 

Average 1*132 

In  this  list  an  exceptionally  high  result  found  between  ethyl 
maleate  and  succinate,  namely,  1*245,  has  been  left  out;  but  if  this 
and  that  of  an  allyl  compound  be  introduced,  it  will  give  an  averasre 
which  is  not  very  different,  about  1*117.  In  the  past  I  have  usually 
employed  1*112,  and,  as  this  is  not  far  from  the  above,  it  will,  I  think, 
be  best  to  still  continue  its  use. 

This  number,  1*112,  refers  to  the  rotations  of  bodies  differing  in 
ccpmosition  by  Hg,  but  in  the  case  of  the  ketonic  and  hydroxylic 
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class  of  compounds  under  consideration  this  difference  does  not  exist 
as  thej  are  isomeric ;  consequently  the  unsaturated  or  hydroxy- 
derivative  will  have  a  larger  rotation  than  the  ketonic  by  1112  + 
the  value  of  the  difference  for  Hg,  and  for  dihydroxylic  as  com- 
pared with  diketonic  compounds  twice  this. 

The  value  of  H2  as  deduced  from  the  rotations  of  the  paraffins  is 
0-504  (Trans.,  1882,  41,  572)  ;  if  this  be  added  to  the  rotation  of  a 
ketonic  compound,  as  well  as  1"112,  a  number  is  obtained  which 
approximates  pretty  well  to  that  of  its  hydroxylic  isomer.     Thus : — 

Mol.  rot.  ethyl  acetoacetate 6*501 

Difference  for  unsaturation  by  H2 1'112 

Difference  for  H2 O'SOS 

8-121 

This  hydroxylic  compound  is  ethyl  hydroxycrotonate,  and  as  the 
rotation  of  ethyl  crotonate  is  known,  that  of  its  hydroxy-derivative 
can  be  estimated  probably  more  accurately  than  by  the  above 
method,  by  adding  to  it  the  value  of  OH  replacing  hydrogen,  thus : — - 

Moi.  rot.  ethyl  crotonate 7-589 

„        OH  replacing  hydrogen  as  in  alcohols       0*194 


7-783 


This  indicates  that  the  previous  method  gives  numbers  which  are  a 
little  too  high.  On  examination,  this  is  found  to  arise  from  the  fact 
that  between  the  rotations  of  compounds  varying  in  composition 
from  each  other  hj  H2,  the  difference  does  not  amount  to  0  508,  but 
may  be  more  or  less.  This  is  not  because  the  value  of  hydrogen 
changes  materially,  but  because  the  products  are  of  different  types, 
each  having  its  own  special  rotation,  for  example,  ketones  differ  from 
primary  alcohols  by  0-324,  from  secondary  by  0*409,  and  from 
tertiary  by  0*646.  Aldehydes  also  differ  from  primary  alcohols  by 
0  438.  As  this  amount  for  the  difference  in  composition  for  Hj  is  a 
variable  quantity,  to  find  the  rotations  of  the  unsaturated  hydroxylic 
Isomers  of  ketonic  bodies  as  accurately  as  our  present  information 
will  permit,  it  has  been  found  best  first  to  ascertain  the  rotations  of 
the  saturated  compounds  corresponding  to  them,  and  then  to  add  to 
these  the  usual  amount  for  unsaturation  by  Hj,  namely,  1*112. 
Taking  ethyl  acetoacetate  again  as  an  example,  its  isomeric  un- 
saturated isomer,  ethyl  hydroxycrotonate,  corresponds  to  the  saturated 
compound  ethyl  hydroxybutyrate  ;  then  we  get — 
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Mol.  rot.  etli}^]  liydroxybntyrate* 6' 737 

Difference  for  saturation  hj  H^ 1*112 

Ethyl  hydroxycrotonate 7"8'19 

This  amount  of  variation  between  ethyl  hydroxybutyrate  and  ethyl 
acstoacetate  for  the  difference  of  composition  by  Hg  will  be  found  to 
be  0-236. 

It  is  interesting  to  find  all  the  above  methods  give  numbers  which 
are  not  very^wide  apart,  but  I  believe  the  last  to  be  the  most  trust- 
worthy. 

Unfortunately,  not  many  of  the  saturated  compounds  required 
have  been  as  yet  examined,  and  therefore  it  is  also  desirable  to  have 
some  means  of  controlling  any  estimate  which  may  be  made  for 
them,  besides  the  ordinary  method  of  adding  or  subtracting  the 
known  values  of  different  products,  and  an  interesting  method  has 
been  found  which,  it  will  be  seen,  does  this  at  any  rate  approxi- 
mately. It  is  based  on  the  system  of  series  constants  already  described 
in  this  Journal  (Trans.,  18S4,  45,  574).  From  the  numbers  and 
diagrams  which  are  given  in  the  paper  just  referred  to,  it  is  seen  that 
each  series  of  saturated  compounds  has  a  special  value  of  its  own,  and 
on  the  diagrams  they  will  be  seen  to  run  in  parallel  lines,  and  not  in 
one  line,  even  where  the  composition  is  the  same  as  in  the  monobasic 
acids  and  their  ethyl  and  methyl  salts.  Now  if  from  the  rotation 
of  any  substance  1*023  (the  value  of  CH2)  be  taken  as  many 
times  as  it  contains  carbon  atoms,  the  remainder  is  what  has  been 
called  the  series  constant,  and  if  the  rotation  of  another  member  of 
the  homologous  series  to  which  this  compound  belongs  be  required, 
it  is  only  necessary  to  add  to  the  series  constant  1*023,  the  number  of 
times  the  substance  contains  atoms  of  carbon. 

With  complex  bodies,  the  use  of  these  series  constants  promises  to 
be  valuable,  because  it  is  difficult  to  estimate  by  the  ordinary  way 
what  will  be  the  rotation  of  a  substance  which  represents  two  or 
more  classes  of  compounds  such  as  ethyl  lacjtate,  which  is  an  ethereal 
salt  and  secondary  alcohol,  ethyl  acetoacetate,  which  is  an  ethereal 
salt,  and  a  ketone,  &c. 

From  determinations  of  the  magnetic  rotation  of  such  compounds, 
it  appears  that  their  series  constant  is  the  mean,  or  very  nearly  so,  of 

♦  The  rotation  of  ethyl  hydroxybutyrate  has  not  yet  been  directly  determined, 
but  is  calculated  from  tliat  of  etliyl  lactate  by  the  addition  of  the  value  for  CHj 
(1*023).  Although  this  is  an  a-  and  the  above  a  j3-hydroxy-compound,  this  is  not 
likely  to  influence  the  estimate  practically.  It  has  been  shown  that  the  ethereal 
salts  of  tartaric  and  racemic  acid  gave  the  same  rotations  (Trans.,  1887,  51,  364). 
Therefore  we  may  expect  the  lajvo-  and  dextro-ethyl  lactates  will  also  have  the  same 
rotations. 
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the  series  constants  of  the  compounds  they  represent ;  thus,  taking 
ethyl  lactate,  which  is  a  secondary  alcohol  and  ethereal  salt : — 

Ser.  const,  of  sec.  alcohol 0'844 

„  ethyl  salt   0-337 


2)1-181 


Estimated  ser.  const,  of  ethyl  lactate 0-590 

1023  X  5 6-115 


Estimated  mol.  rot.  ethyl  lactate 5-705 

Found 5-720 

For  methyl  lactate  we  get — 

Ser.  const,  of  sec.  alcohol 0*844 

„             methyl  salt 0-273 


2)1-117 


Estimated  ser.  const,  methyl  lactate 0*558 

1-023  X  4 4-092 


Estimated  mol.  rot.  methyl  lactate 4-650 

Found 4-658 

Ethyl  acetoacetate — 

Ser.  const,  of  acetic  ethereal  salt 0*370 

„  ketone 0*375 


2)0-745 


Estimated  ser.  const,  ethyl  acetoacetate  . . .      0-372 
1-023  X  6 6-138 


Mol.  rot.  of  ethyl  acetoacetate 6*510 

Found 6*501 

Ethyl  tartrate  may  be  taken  as  another  example.     This  substance 
represents  an  ethereal  salt  of  succinic  acid  and  a  glycol, 

Ser.  const,  of  glycol 0-897 

„  ethjl  succinate 0*196 

2)\  0^J3 

Estimated  ser.  const,  ethyl  tartrate    0'546 

1*023  X  8 8184 


Mol.  rot.  ethyl  tartrate 8*730 

Found 8*766 

It  is  desirable  in  these  calculations  to  take  the  series  constant  of 
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tlie  products  most  nearly  related  to  the  substauces  the  rotation  of 
which  it  is  desired  to  estimate. 

In  this  paper  I  have  mostly  used  the  ordinary  method  of  finding 
tbe  rotation,  supplemented  by  this  method  in  which  series  constants 
are  employed,  and  have  described  the  process  somewhat  in  detail, 
so  that  an  idea  may  be  formed  as  to  how  far  some  of  the  curious 
results  obtained  in  this  investigation  are  to  be  relied  upon. 

Through  the  kindness  of  my  chemical  friends,  I  have  had  placed  at 
my  disposal  for  this  inquiry  a  number  of  specimens  of  rare  products  ; 
this  has  made  it  possible  to  examine  a  somewhat  systematic  series  of 
substances  bearing  on  this  subject.     The  following  is  a  list : — 


Aronnatic  Series. 

X  Benzoylacetone. 

Ethyl  benzoylacetate. 
X  Methyl  acetophenonoxalate. 
X  Ethyl  acetophenonoxalate. 


Fatty  Series. 

Pyruvic  acid. 
Ethyl  acetoacetate. 
Ethyl  ethylacetoacetate. 
Ethyl  allylacetoacetate. 
X  Ethyl  ethylideneacetoacetate. 

Levulinic  acid, 
ft  Ethyl  acetonedicarboxylate. 

X  *Acetylacetone. 
X  *Methylacetylacetone. 
X  Ethylacetylacetone. 

X  Ethyl  acetonoxalate. 
X  Methyl  acetonoxalate. 
X  Ethyl  di acetoacetate. 

fDiacetylacetone. 

t  Ethyl  /j-amidocrotonate. 

For  the  substances  marked  x  I  am  indebted  to  the  kindness  of 
Professor  Claisen,  those  marked  f  to  Dr.  Collie,  those  marked  *  to 
Professor  Dunstan,  and  the  one  marked  ff  to  Professor  v.  Pechmann. 

It  will  be  convenient  to  follow  this  list  in  the  above  order,  to 
discuss  the  bearing  of  the  results  obtained  first,  and  afterwards  give 
the  experimental  data  from  which  they  are  obtained. 


Theoretical  Considerations. 

Pyruvic  Acid. 

The  interest  attaching  to  this  substance  is  that  there  is  but  little 
likeUhood  of  its  possessing  any  other  than  a  ketonic  constitution, 
CH/CO-COOH. 
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Ifcs  magnetic  rotation  was  foand  to  be  3*567. 

If  this  compound  be  considered  as  acetoformic  acid,  its  rotation, 
according  to  the  series  constant,  would  be 

Ser.  const,  formic  acid 0*648 

„         of  ketone 0*875 

2)ru23 

0-511 
1  023  X  3 3-069 

Estimated  rot.  of  pyruvic  acid 3-580 

So  that  althougb  pyruvic  acid  is  not  usually  a  very  pure  product, the 
rotation  obtained  is  probably  not  far  from  correct ;  at  any  rate  it  is 
the  rotation  of  a  saturated  compound. 

Ethyl  Acetoacetate. 

Tbe  rotation  found  for  this  substance  some  years  since  was 
6-501.  I  have  sbown  when  discussing  the  methods  of  calculation 
used  in  tliis  paper  (p.  806)  that  from  the  series  constants  it  should 
be  6-510.  That  is  viewing  it  as  an  acetic  compound;  if  taken  as  the 
ether  of  a  C3  acid  it  is  slightly  lower,  namely  6494  ;  the  series  con- 
stant for  acetic  ethereal  salt  being  0-370,  whereas  that  of  ethereal  salts 
of  monocarboxylic  acids  containing  C3  and  upwards  is  0-337. 

From  this  agreement  with  the  series  constants  and  the  size  of 
the  rotation,  there  can  be  no  doubt  that  it  is  a  het^nic  saturated 
compound.  Had  it  been  an  unsaturated  compound,  its  rotation  would 
have  been  about  7-849,  or  1-348  higher  than  that  found. 

As  a  very  slight  internal  rearrangement  in  the  molecule  of  aceto- 
acetic  acid  would  be  required  for  it  to  become  an  hydroxy  lie 
unsaturated  body,  it  was  thought  that  it  would  be  interesting  to 
determine  its  magnetic  rotation  at  a  considerably  higher  temperature 
than  those  previously  employed,  so  as  to  see  if  heat  were  conducive  to 
such  a  change. 

The  following  is  a  comparison  of  the  rotation  obtained  with  that 
at  ordinary  temperatures  : — 

Mol.  rot.  ethyl  acetoacetate  at  162° 6-501 

90-5°. . . .  6-470 


I 


DifFerence   ....      74-3°. ...  0-031 

The  results,  therefore,  show  that  practically  no  change  takes  place 
when  etiiyl  acetoacetate  is  heated.  From  observations  on  other 
substances  described  further  on  in  this  paper,  it  will  be  seen  that  this 
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was  not  likely  to  happen,  but  that  cooling  would  be  more  likely  to 
have  an  influence  in  causing  the  formation  of  an  unsaturated  isomer. 
I  have  mentioned  on  previous  occasions  that  magnetic  rotations  are 
slightly  lower  when  determined  at  high  than  when  determined  at 
low  temperatures  ;  therefore,  the  above  results  being  a  little  lower  at 
90'5°  is  consistent  with  this. 

Ethyl  Efhijlacefoacetate. 

The  examination  of  this  substance  is  interesting  as  it  enables  a 
compirison  to  be  made  with,  ethyl  ethylmalonate,  where  no  question 
as  to  the  existence  of  hydroxy!  can  arise  ;  the  ethyl  in  this  body 
being  in  union  with  carbon.  Therefore  if  the  rotation  of  ethyl 
ethylacetoacetate  differs  from  that  of  ethyl  acetoacetate  in  the  same 
way,  or  approximately  so,  as  that  of  ethyl  ethylmalonate  differs 
from  malonate,  it  will  be  good  evidence  that  the  ethyl  is  in  union 
with  the  carbon,  thus — 

CH3-CO-CH(C2H5)-COOC2H5. 

The  rotation  of  ethyl  ethylacetoacetate  was  found  to  be  8-329. 
The  following  are  the  comparisons  : — 

Mol.  rot.  of  ethyl  ethylmalonate 9*272 

„  malonate 7"410 

Increase  due  to  rep.  of  H  in  CH2  by  ethyl.      1'862 

Mol.  rot.  of  ethyl  ethylacetoacetate 8'329 

„  ethyl  acetoacetate 6*501 

1*828 

The  increase  in  both  c.ises  is  practically  the  same.  These  numbers 
then  establish  the  analogy  of  the  replacement  in  this  compound  to 
that  in  ethyl  ethylmalonate,  and  also  show  that  it  is  a  saturated  or 
lietonlc  compound. 

EtJiyl  Allylacetoacetate. 
This  substance  was  examined  several  years  ago,  and  was  found  to 
have  a  rotation  of  10*382.     It  is  an  example  of  the  introduction  of 
an  unsaturated  radicle  into  ethvl  acetoacetate  by  single  combination, 

Its  formula  being  CH/CHICH^  ' 

From  the  following  comparisons  with  ethyl  allylacetate,  it  will  be 
seen  that  this  also  has  the  ketonic  formula : — 
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Mol.  rot.  of  ethyl  allylacetate 6*426 

„  ethyl  acetate 2  525 

DifFerence  due  to  allyl  replacing  H 3*901 

Mol.  rot.  of  ethyl  allylacetoacetate 10*382 

„  ethyl  acetoacetate 6"501 

Difference  due  to  allyl  replacing  H 3"881 

These  differences  are  practically  the  same,  and  as  ethyl  allylacetate 
cannot  contain  allyl  replacing  the  hydrogen  of  hydroxyl,  it  must  be 
in  union  with  the  carbon ;  the  same  is  evidently  the  case  in  ethyl 
allylacetoacetate. 

Ethyl  Ethylideneacetoacetate, 

This  substance,  which  is  prepared  from  ethyl  acetoacetate  and 
aldehyde,  differs  in  composition  from  ethyl  allylacetoacetate  by  CHg. 
Its  rotation  was  found  to  be  9'370.  This  is  less  than  that  of  ethyl 
allylacetoacetate  by  practically  the  amount  required  for  the  difference 
of  CH2  (1-023). 

Mol.  rot.  ethyl  allylacetoacetate 10'382 

,,       ethyl  ethylideneacetoacetate    ....      9-370 


1-012 


It  might,  therefore,  be  thought  to  be  a  vinyl  compound,  but  from 
all  we  know  of  such  bodies  they  do  not  have  such  a  high  rotation 
relatively  as  allyl  compounds,  that  is,  judging  from  the  rotation  of 
vinyl  bromide  ;  and  on  the  other  hand  the  formation  of  this  substance 
from  ethyl  acetoacetate  and  aldehyde  renders  it  improbable  that 
it  has  this  composition.  Claisen  considers  it  may  have  either  of  the 
two  following  formulae  : — 

CHa.CO-C-COOaHg         .    .y    CHa-CzlC-COOC^Hs 

I  I  I  «         OX       xX*  I  I  • 

CH-CH,  0— CH-CH3 

It  is  not  easy  to  decide  between  these,  as  both  are  unsaturated 
compounds ;  the  first  on  account  of  its  containing  ethylidene  replac- 
ing two  hydrogens  in  the  CH2  group  of  ethyl  acetoacetate,  and  the 
second  on  account  of  ethylidene  replacing  one  hydrogen  in  the 
CH  group  and  another  in  the  hydroxyl  group  of  ethyl  ethylhydroxy- 
crotonate.  As  this,  however,  represents  an  oxide  as  well  as  an 
ethereal  salt,  its  rotation  would  probably  be  rather  higher  than  it  is. 
This  point  could  probably  be  best  decided  by  treating  the  body  with 


SUPPOSED  TO  CONTAIN  ACETYL.  811 

nascent   hydrogen.     If  the  first  formnla  be  correct,  it  mi^ht  yield 
etl.yl  hydroxjethylbutyrate,  CH3-CH(OH)-CH(C2H5)-COOC2H5. 

Levulinw  Acid. 

^-Acetopropionic  Acid. — This  acid,  like  acetoacetic  acid  and  its  com- 
pounds, might  exist  as  a  ketonic  compound,  or  change  into  the 
hydroxy-unsaturated  isomer,  thus — 

CHa-CO-CHa-CHa-COOH.  CH3-C(OH):CH-CH2-COOH. 

Ketonic  saturated.  Hydroxylic  unsaturated. 

As  no  free  acid  likely  to  be  capable  of  changing  from  a  ketonic  to 
a  hydroxylic  compound  had  been  examined,  and  it  was  thought  that 
the  ethereal  salt  might  be  less  mobile  in  this  particular,  the  examina- 
tion of  the  acid  was  undertaken.  It  was  examined  twice  in  the 
melted  state,  and  also  in  aqueous  solution  to  see  whether  this  con- 
dition affected  it  in  reference  to  its  constitution.  The  results  obtained 
were  as  follows  : — 

Mol.  rot.         I.  Fused c^-543 

II.       „       5-509 

„  III.  Aqueous  solution    ....      5*503 

Average 5*518 

On  comparing  this  result  with  the  rotation  of  propionic  acid,  we 
get 

Mol.  rot.  levulinic  acid 5'518 

„         propionic  acid 3'462 

Diff.  =  acetyl  rep.  hydrogen  . .      2'056 

This    is  very  nearly   the  same  as    the  value  of  acetyl  replacing 
hydrogen  in  ethyl  acetoacetate,  namely,  2'039. 
Calculated  by  series  constants,  it  is — 

Ser.  const,  of  acid,  C«H2»02 0*393 

„  ketone 0*375 

2)0-768 

Estimated  ser.  const,  of  levulinic  acid  ....      0*384 

1-023  X  5 5-115 


»» 


rotation  of  levulinic  acid 5499 


This  differs  from  the  result  found  by  only  0*019.  Again,  if  the 
acid  have  the  increment  added  which  is  necessary  to  give  the  rotation 
of  the  ethereal  salt,  it  can  be  compared  with  ethyl  acetoacetate. 
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Levulinic  acid   , 5'518 

Increment  for  ethereal  salt 1*990 

Ethjl  levulinate 7-508 

Ethyl  acetoacetate 6'501 

1-007 

This  difference  is  very  close  to  that  required  for  CHg,  namely, 
1-023.  From  these  results,  levulinic  acid  is  seen  to  be  a  ketonic 
saturated  compound. 

Ethyl  Acetonedicarhoxylate. 

The  interest  attaching  to  the  examination  of  this  substance  consists 
in  its  representing  ethyl  acetoacetate  with  hydrogen  of  the  methyl 
group  replaced  by  a  second  ethyl  carboxyl  group,  and  as  this  is  of  a 
negative  character,  it  was  possible  that  it  might  influence  the  ketonic 
nature  of  the  compound.     It  might  exist  as 

COOCaHs-CH/CO-CH^-COOC^Hs  or 
Ketonic,  saturated. 

COOC,H5-CH:C(OH)-CH2-COOaH5. 

Hydroxvlic,  unsaturated. 

V.  Pechmann,  who  discovered  this  interesting  substance,  has  lately  dis- 
cussed the  question  of  its  constitution  from  a  chemical  point  of  view 
(Ber.,  24,  4095),  and  concludes  that  it  must  possess  a  ketonic 
formula. 

Bi-iihl  has  also  determined  its  refractive  power,  and  found  it  to 
behave  as  a  saturated  compound. 

Nef,  on  the  other  hand,  disputes  the  validity  of  v.  Pechmann's  con- 
clusions (Proc.  Amer.  Acad.,  1892,  158). 

The  magnetic  rotation  of  the  compound  confirms  to  a  great  extent 
the  views  of  v.  Pechmann  showing  that  the  substance  is  chiefly 
ketonic,  but  it  also  indicates  that  at  ordinary  temperatures  it  also 
})robably  contains  a  small  amount  of  a  hydroxylic  or  unsaturated  com- 
ponnd. 

The  rotation  for  the  formula  COOCHs'CH.-CO-CH^-COOCoHs 
may  be  estimated  as  follows — 

Mol.  ret.  of  ethyl  acetoacetate 6-501 

CObCaHs  rep.  hydrogon 2-951 

9-452 
or  taking  acetone  as  the  basis  of  the  calculation, 

Mol.  rot.  of  acetone 3-514 

2COOC0H5  rep.  hydrogen 5902 

9-416 


SUPPOSED  TO  CONTAIN  ACETYL.  813 

From  tlie  series  constants,  it  is 

Ser.    const,    ethereal   salt   of   bibasic    acid 

(glutaric)    , 0-140 

Ser.  const,  of  ketone 03 75 

2)Cr5l5 

0-257 

1-023  X  9 9-207 


9-464 


Tbe  first  and  the  last  calculations  come  very  close ;  the  average  of 
all,  9-444,  will  be  used  in  this  paper. 

The  rotation  determined  at  165°  gives  9-604  or  O'lOO  in  excess  of 
the  calculated  ;  this  is  greater  than  would  arise  from  experimental 
error.  The  rotation  was,  therefore,  again  determined,  but  at  a  much 
higher  temperature,  and  at  94°  it  gave  9-374  or  0-070  less  than  the 
calculated  rotation  ;  a  result  which,  if  its  rotation  at  16-5"  had  been 
about  the  same  as  the  calculated,  would  be  consistent  with  experience. 
As  already  mentioned  in  the  case  of  ethyl  acetoacetate,  rotations  are 
always  slightly  lower  at  high  than  at  low  temperatures  (of  course 
allowing  for  change  of  density). 

Mol.  rot.  ethyl  acetonedijarboxylate  at     16-5°. .  . .  9*604 

94-0°. ...  9-374 


Difference 77-5°. . . .  0-230 

This  diUerence  calculated  for  100°  is  0-297. 

This  would  point  to  some  change  taking  place  in  the  substance, 
and  as  will  be  seen  farther  on,  indicates  that  any  hydroxylic  isomer 
present  changes  when  heated  into  the  ketonic  compound,  so  that  at 
94°,  and  perhaps  somewhat  lower,  it  is  apparently  a  pure  ketonic 
product,  but  at  ordinary  temperatures  contains  a  small  quantity  of  a 
hydroxylic  or  unsaturated  isomer. 

Dihetonic  Compounds. 

Acetylacetone,  Methylacetylacetone,  and' Ethylacetylacetone. 

Ordinary  monoketones,  so  far  as  they  have  been  examined,  do  not 

seem  to  have  any  tendency  to  pass  into  unsaturated  or  hydroxylic 

compounds.     It  was  important,  therefore,  to  see  in  what  condition 

the  so-called  diketones  exist  at  ordinary  and  elevated  temperatures. 

As  monoketones  might  possibly  change  into  monhydroxylic  or 
unsaturated  compounds,  so  diketones  might  change  either  into  mon- 
hydroxyketones  or  into  dihydroxy-derivatives  or  glycols,  thus  — 
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Acetylacetone CHa-CO-CHz'CO-CH,, 

Hydroxyketone CH3-C(OH):CH-CO-CH3, 

Dihydroxy  -  derivative     or 

glycol CH3-C(OH):C:C(OH)-CH3. 

I.  The  rofation  of  acetylacetone  may  be  calculated  thus — 

Mol.  rot.  of  acetone 3*514 

„  acetyl  replacing  hydrogen  .  . .      2*039 

.,  acetylacetone »5*553 

In  calculating  diketones  from  series  constants,  the  series  constant 
of  a  monoketone  has  to  be  employed,  because  that  of  a  diketone  is 
not  known,  but  possibly  this  is  correct  or  nearly  so,  because  when  a 
second  carboxyl  is  introduced  into  a  compound  its  series  constant  is 
lowered,  but  when  a  second  hydroxyl  is  introduced  its  series  constant  is 
increased ;  therefore,  in  the  case  of  an  aldehyde,  or  a  ketone,  which 
stands  between  these,  it  is  probable  that  the  introduction  of  a  second 
ketonic  group  would  practically  not  alter  the  series  constant. 

On  calculating  acetylacetone  in  this  way,  the  following  result  is 
obtained,  which  goes  to  confirm  this;  the  series  constant  of  acetone 
being  taken,  as  it  is  a  derivative  of  that  compound — 

Ser.  const,  of  acetone   0*445 

1023  X  5 5115 

Mol.  rot.  acetylacetone 5*560 

This  is  very  close  to  that  given  above. 

II.  The  rotation  of  methijlacetylacetone  may  be  calculated  on  the 
basis  of  methyl  ethyl  ketone,  this  substance  being  in  fact  an  acetyl 
derivative  of  the  latter,  thus,  CH3-CO-CH(CO-CH3)-CH3. 

Mol.  rot.  of  methyl  ethyl  ketone 4*480 

„  acetyl  replacing  hydrogen.      2*039 

„  methylacetylacetone 6*519 

Fi'om  the  series  constant, 

Ser.  const,  of  ketone 0*375 

1*023  X  6 6*138 

Mol.  rot.  of  methylacetylacetone    ....      6*513 

These  two  calculations  likewise  agree  closely. 

III.  The  molecular  rotation  of  etht/lacetylacetone. 

This  substance  may,  in  the  same  way  as  the  above,  be  regarded  as 
an  acetyl  methyl  propyl  ketone,  CH3-CO-CH(CO-CH3)'CH2-CH3. 


f 
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Mol.  rot.  of  methyl  propyl  ketone  ....      6*499 
„  acetyl  replacing  hydrogen.      2*039 

„  ethyl acetylacetone    ......      7'538 

From  series  constants, 

Ketone 0-373 

1023  X  7 7161 

Mol.  rot.  of  ethyl  acetylacetone 7*534 

Before   comparing  the  rotations  found,  it  will  be  best  to  find  the 
probable  rotations  of  the  isomeric  monhydroxyketones. 
The  saturated  compounds  corresponding  to  these  are — 

I.  Sec.  acetopropyl  alcohol. 
II.      ,,    acetobutyl         „ 
III.      ,,    acetoamyl  ,, 

The  rotation  found  for  normal  acetopropyl  alcohol  is  5'544 ;  if  to 
this  the  difference  between  normal  and  secondary  propyl  alcohol  be 
added,  0'251,  the  rotation  of  the  secondary  acetopropyl  alcohol  will 
be  found  to  be  5"  795,  and  if  to  this  1-112  be  also  added,  the  rotation 
of  the  hydroxyketone  isomeric  with  acetylacetone  will  be  obtained, 
viz.,  6-907. 

Calculating  from  series  constants,  the  following  results  are 
obtained : — 

I.  Sec.  const,  isopropyl  alcohol 0-950 

„  ketone 0*375 

2)T325 

0-662 

1-023  X  5  ....      5115 

Sec.  acetopropyl  alcohol 5-777 

For  unsaturation 1112 

6-889 

II.  Ser.  const,  sec.  butyl  alcohol  ....      0844 

„     ketone    0375 

2)T2l9 

0-609 

1-023  X  6  ....      6-138 

Sec.  acetobutyl  alcohol   6- 747 

For  unsaturation 1-112 

7-859 
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III.  This   will  be  the   same  as   II,   with  the  addition  of 
1-023  or  8-882. 

The  dihjdroxj-derivatives  would  be  unsaturated  glycols.  Combes 
(Bull.  Soc.  Ghim.,  48,  474—483)  has  shown  that  when  acetylacetone 
is  treated  with  nascent  hydrofj;-en  it  yields  araylic  glycol  boiling  at 
177°.  The  rotation  of  this  and  the  corresponding  unsaturated  com- 
pound can  be  estimated. thus — 

Glycol 2-943 

CH.,  X  3 3-069 

6012 
For  unsaturation  x  2  . .      2224 


8-236 


The  difference  between  the  hydroxyketonic  compound  and  the 
ketonic  is  l-33().  If  this  be  added  to  the  former,  it  will  give  8-22") 
for  the  dihydroxylic  compound,  so  that  both  metliods  of  calculation 
practically  agree.  By  adding  this  difference  to  the  other  two  com- 
pounds, we  get  for  the  dihydroxylic  isomers  of  methyl-  and  ethyl- 
acetyl  acetone  9-295  and  10-218  respectively. 

The  following  is  a  table  giving  a  comparison  of  the  calculated 
rotations  as  compared  with  those  found  : — 


Ketonic 
calc. 

Hydroxy- 
ketonic 
calc. 

Dihydrox- 
ylic calc. 

t. 

Found. 

5-553 

6-889 

8-236 

16-6° 

7-106 

6-519 

7-859 

9-295 

16-3 

7-237 

7-534 

8-882 

10-218 

18-8 

7-890 

Acetylacetone 5-553 

Methylacetylacetone 
Ethylacetylacetone. . 

From  this  it  is  seen  that  all  these  substances  give  rotations  con- 
siderably higher  than  those  required  by  the  ketonic  constitution ; 
that  ethylacetylacetone  is  nearest  to  the  calculated  number  for  the 
latter;  that  methjlacetylacetone  comes  nearly  midway  bet v^een  the 
ketonic  and  hydroxyketonic  constitution,  and  acehjlacttone  has  a  rota- 
tion which  is  even  a  little  in  excess  of  that  required  by  the  hydroxy- 
ketonic constitution,  indicating  the  presence  of  a  small  quantity  of 
dihydroxylic  compound,  apparently  about  20  per  cent. 

As  methylacetone  has  a  rotation  lying  nearly  midw'ay  between 
the  ketonic  and  hydroxyketonic,  it  was  thought  possible  that  this 
substance  might  be  a  mixture  of  these  two  bodies  in  a  state  of  un- 
stable equilibrium,  and  that  its  constitution  might  vary  with  tem- 
perature. It  was,  therefore,  measured  at  a  much  higher  temperature 
than  that  at  first  employed,  and  the  result  confirmed  this  sapposi- 
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tion,  tbe  rotation  becoming  considerably  less.  Acetylacetone  and  also 
ethylacetjlacetone  were  likewise  examined  under  similar  conditions, 
and  the  rotations  of  tbese  substances  also  were  modified.  The  follow- 
ing are  the  results  : — 


Acetylacetone. . 

Methylacetyl- 
acetone  

Ethylacetjl- 
acetone   


t. 

Mol. 
rot. 

t. 

Mol. 
rot. 

t.  dife. 

Mol.  rot. 
difference. 

\Q-r 

7-175 

93-0° 

6-599 

76-3° 

-0-576 

17-4 

7-290 

96-4 

6-670 

79-0 

-0-620 

18-8 

7-890 

92-9 

7-562 

74-1 

-0-328 

Mol.  rot. 

diff.  for 

100°. 


0-755 

0-785 
0  443 


t. 

Found 

93-0° 

6-599 

96-4 

6-670 

92-9 

7-562 

On  comparing  these  results  with  the  calculated  numbers  in  the 
previous  table,  it  will  be  seen  that  ethylacetjlacetone  at  929°  has  a 
rotation  which  is  nearly  identical  with  that  required  by  the  hetonlc 
constitution,  and  also  that  methylacetylacetone  gives  a  number  very 
close  to  that  required  by  this  kind  of  structure,*  thus — • 

Calculated 
ketonic. 

Acetylacetone 5-553 

Methylacetylacetone  .  .      6-519 

Ethylacetylacetone    . .      7-536 

Acetylacetone  at  93°  has  also  assumed  a  position  between  the 
ketonic  and  hydroxyketonic  rotations,  and  thus,  at  this  temperature, 
to  a  great  extent  corresponds  in  character  to  methylacetylacetone  at 
ordinary  temperatures. 

Acetylacetone,  after  being  heated,  appears  quickly  to  regain  its 
ordinary  rotation  when  cooled,  but  this  is  not  the  case  with  methyl- 
acetylacetone. The  rotation  taken  at  92°  was  6-675 ;  the  same  speci- 
men examined  two  or  three  hours  afterwards  at  15-2°  gave  6* 765, 
and  had  thus  only  increased  0*090,  but  when  examined  a  few  weeks 
afterwards,  was  found  to  have  regained  its  normal  rotation. 

The  density  of  methylacetylacetone  which  has  been  heated  and 
then  cooled  is  lower  than  it  is  under  ordinary  circumstances,  or  after 
it  has  rested  some  considerable  time.  The  following  experiment  was 
made  in  reference  to  this.  A  dilatometer  was  quickly  filled  with  a 
freshly  boiled  specimen  of  methylacetylacetone.  On  placing  this  in 
water  at  15°,  some  minutes  elapsed  before  it  became  stationary  in  the 

*  In  making  these  comparisons,  a  small  alMwance  of,  say,  about  0*100  should  bo 
added  for  the  influence  of  temperature  on  the  rotation  made  at  the  higher  tempera- 
ture ;  this  will  slightly  reduce  the  difference  of  rotation. 

VOL.  LXI.  3   M 
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stem,  some  change  apparently  taking  place  ;  its  position  was  then 
noted ;  in  two  hours  it  had  contracted  so  that  it  was  5  mm.  below  its 
previous  position,  and  in  24  hours  it  had  fallen  12  mm.,  and  it  then  re- 
quired to  be  heated  to  19*7°  before  it  reached  the  position  it  originally 
occupied  at  15°.  This  would  correspond  to  a  difference  in  density 
of  about  00036.  From  the  above  results  there  can  be  no  doubt  that 
the  character  of  these  compounds  changes  with  alterations  of  tem- 
perature, high  temperatures  favouring  the  ketonic  or  more  stable 
condition,  low  temperatures  the  hydroxyketonic  condition.  It  would 
be  interesting  to  examine  the  vapours  of  these  substances  under 
varying  conditions. 

To  confirm  the  interpretation  given  of  the  remarkable  rotation  of 
these  bodies,  the  refractive  and  dispersive  powers  of  two  of  them  were 
examined  at  different  temperatures.  The  refractive  power  should, 
like  the  rotation,  show  whether  they  are  saturated  or  unsaturated 
compounds,  becoming  less  with  rise  of  temperature  as  they  become 
saturated;  and  as  the  dispersion  should  also  become  less  as  they  pass 
from  saturated  towards  unsaturated  compounds,  this  would  give  ad- 
ditional evidence  if  there  were  a  change.  The  full  details  are  given 
in  the  Experimental  Part  of  this  paper.  The  following  numbers  for 
three  lines  will  show  the  results  : — 

Bf-fraction  and  Dispersion  of  Acetijlacetone  at  Temperatures  wide  apart. 


t. 

^-/- 

d     ^ 

d         ^ 

110° 

45-17 

47-46 

48-72 

99-.S" 

44-14 

4612 

47-17 







Reduction  from  rise  1   gg.30  -^.^3  ^.^^  ^..^ 

ot  temperature...  J 

The  refractive  power  of  this  substance  at  ordinary  temperatures  is 
remarkably  high.  For  the  unsaturated  compound  it  should  be  42-2  ; 
with  Briihl's  estimate  for  one  ethylene  combination  =  2-30,  it 
would  be  44-5,  and  for  two,  46"8 ;  so,  like  the  rotation,  this  shows 
that  it  is  the  hydroxyketone  containing  some  dihydroxy-dcrivative. 
To  be  sure  these  results  were  correct,  I  asked  Dr.  Gladstone  if  he 
would  also  examine  this  substance,  and  he  was  kind  enough  to  do  so ; 
he  used  Dr.  Claisen's  specimen,  whereas  I  employed  Professor  Dun- 
stan's,  and  obtained  : — 

t.       ^--     '^^-     '-^^- 


18-4°  4i)-62  47-99  50  70 

These  confirm  the  foregoing.     Dr.  Gladistone  remarks — "  That  the 
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molecular  refraction  observed  is  higher  than  the  theoretical,  but  only 
to  an  extent  that  might  be  explained  on  the  supposition  of  the  sub- 
stances being  unsaturated ;  thus  acetylacetone,  if  it  contained  two 
double  bonds,  would  give,  theoretically,  45*4.*  2nd.  That  the  disper- 
sion is  enormous  and  far  beyond  anything  that  can  be  accounted  for 
by  the  double  linking."  In  my  results  the  dispersion  between  A  and 
G  amounts  to  no  less  than  3*55,  and  Dr.  Gladstone  found,  between  A 
and  H,  .5*08,  whereas  the  theoretical,  even  considering  the  substance 
as  doubly  unsaturated,  would  only  amount  to  about  3'58  between  A 
and  H. 

From  the  results  obtained  at  99 "S",  it  is  seen  that  the  refraction  has 
fallen  by  heating  to  this  temperature,  1'02  for  the  A  line  and  1'55  for 
the  G  line  ;  therefore  the  dispersion  has  altered  to  the  exten  of  the  dif- 
ference between  these  numbers,  namely,  053  ;  this  is  between  A  and 
G ;  between  A  and  H  it  would  be  considerably  more,  approaching 
double  this  amount.  The  refraction  and  dispersion,  therefore,  support 
the  conclusions  arrived  at  from  the  magnetic  rotation. 

Refraction  and  Dispersion  of  Methylacetytacetone  at  Temperatures 

wide  apart. 
The  followinsf  results  were  obtained  : — 


t. 

._^, 

''-?^- 

8-3<> 

50-81 

52-75 

99-2'* 

49-88 

51-56 

Reduction   from  rise  JQQ.,^o  ^^.^.^  ^.^^ 

01  temperature    . .  j 

The  refractive  power  is  in  this  case  too  high  for  the  ketonic  or 
unsaturated  compound,  which  would  require  498,  and  it  is  too  low 
for  the  unsaturated,  which,  by  adding  2-30  on  to  the  last  number, 
would  be  52-1 ;  this  accords  with  the  magnetic  rotation,  showing  that 
this  substance  is  a  mixture  of  the  ketonic  and  hydroxyketonic  com- 
pounds,  and  when  heated  to  99-2°  it  also  gives  numbers  showing  that 
at  this  temperature  it  is  practically  ketonic.  This  change  is  also 
accompanied  by  a  reduction  of  the  dispersion,  as  would  be  expected, 
but  rather  less  than  in  the  case  of  acetylacetone  ;  it  amounts  to  0-2G 
between  A  and  F.  The  dispersion  of  this  substance  at  ordinary  tem- 
peratures is  high. 

It  appears,  then,  that  when  acetylacetone,  which  is,  from  its  rota- 
tion, at  ordinary  temperatures  a  hydroxyketonic  compound  apparently 
containing  a  small  quantity  of  a  dihydroxy-isomer,  is  methylated  or 

*  Taking  Brahl's  numbers,  this  would  not  be  high  enough  for  two  ethylene  com- 
binations. 

S  M  2 
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eiliylated,  it  becomes  a  mixture  of  ketonic  and  hjdroxyketonic 
compounds. 

As  the  ethylic  is  more  ketonic  than  the  methjlic  derivative,  it 
would  appear  that,  the  larger  the  hydrocarbon  radicle  introduced,  the 
greater  the  tendency  of  the  substance  to  become  ketonic. 

Ethyl  Acetoneoxalate  or  Ethyl  Acetylpyruvate. 

This  substance  was  discovered  by  Claisen  and  Stylos  (Ber.,  20, 
2188 — 2191),  by  acting  on  ethyl  oxalate  with  sodium  alcohol  and 
acetone.  This  may  be  regarded  as  acetylacetone  in  which  methyl  is 
replaced  by  COOC2H6,  and  its  examination  was  important,  because  in 
the  case  of  ethyl  acetoacetate  the  replacement  of  a  second  hydrogen 
by  COOC2H5,  and  consequent  formation  of  ethyl  acetonedicarboxyl- 
ate,  appeared  to  influence  the  ketonic  group  and  cause  the  formation 
of  a  small  amount  of  a  hydroxylic  compound.  Therefore,  if  the 
methyl  in  acetylacetone — which,  at  ordinary  temperatures,  exists  as 
the  isomeric  hydroxyketonic  compound — is  replaced  by  this  group, 
COOC2H5,  it  might  be  further  influenced,  and  changed,  partly  or 
entirely,  into  a  dihydroxy-derivative. 

The  magnetic  rotation  for  the  ketonic  compound 

CHa-CO-CH^-CO-COOC^Hs 

may  be  calculated  thus  : — 

Mol.  rot.  of  ethyl  pyruvate 5'504 

„  acetyl  replacing  H 2'037 

7-541 
*  Calculating  from  series  constants — 

Ser.  const,  ethereal  salt 0"337 

„  ketone  x  2 0-750 

3)T087 

0-362 

1-023  X  7 7161 

7-523 

Average,  7*532. 

The  monhydroxylic  compound  would  be 

CH3-C0-CH:C(0H)-C00C2H5  or  CH3-C(OH):CH-CO-COOC2H5; 

both  of  these  would  probably  have  the  same  or  nearly  the  same  rota- 
tion. Taking  the  first,  the  saturated  compound  corresponding  to  this 
is  ethyl  hydroxylevulinate,  CH3-CO-CH2-CH(OH)-COOC2H5.  Its 
rotation  would  be  : — 


I 
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Mol.  rot,  of  ethyl  levulinate    7'519 

OH 0-194 

,,         ethyl  hydroxylevulinate  ....      7' 713 
For  unsaturation 1"112 

8-825 
From  series  constants — 

Ser.  const,  secondary  alcohol 0-844 

ethereal  salt 0-837 

ketone 0-375 

3^^556 

0-519 

1023  X  7 7161 

Ethyl  hydroxylevulinate 7-680 

For  unsaturation 1-112 

8-792 
Average,  8-809. 

The  dihydroxylic  compound  would  be 

CH3-C(OH):C:C(OH)-COOC2H5; 

and  the  saturated  compound  corresponding  to  it, 

CH3-CH(OH)-CH2-CH(OH)-COOC,H5, 

or  butyl  glycol  with  hydrogen  replaced  by  COOC2H5.     The  rotation 
can  then  be  calculated  thus  : — 

Mol.  rot.  of  butyl  glycol  (calculated). .      4989 

COOC2H5  replacing  H 2-950 

For  unsaturation  x  2 2*224 

10-163 

The  difference  between  the  estimated  rotation  of  the  ketonic 
and  hydroxyketonic  compounds  is  1277;  if  this  be  added  to  the 
rotation  of  the  latter  it  gives  10*085  for  the  rotation  of  the  dihydroxy- 
compound.  These  calculations  are  not  quite  so  concordant  as  usual ; 
their  mean  is  10*124,  which  will  probably  be  not  far  from  the  truth. 

The  molecular  rotation  of  ethyl  acetoneoxalate  is  10' 122,  which  is 
very  close  to  the  above ;  therefore  the  substance  has  the  dihydroxy- 
constitution  CH.,-C(OH):C:C(OH)-COOC2H6. 

Its  rotation  was  also  determined  at  a  higher  temperature,  and  the 
following  is  a  comparison  of  the  different  results  obtained : — 
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Mol.  rot. 

Mol.  rot. 

t. 

Mol.  rot. 

t.  diff. 

diff. 

10-122 

89-5° 

9-82 

69-6° 

0-302 

Ethyl  acetoneoxalate     19-9' 

For  100°  tbe  difference  would  be  0'434.  This  shows  a  reduction  of 
rotation  much  greater  than  could  result  from  the  influence  of  tem- 
perature alone,  and  therefore  indicates  an  alteration  of  a  portion  of 
the  substance  into  the  hydroxyketonic  compound. 

The  determination  of  the  refractive  power  of  this  substance  points 
to  the  same  conclusion.  This  was  determined  by  myself  and  also  by 
Dr.  Gladstone  ;  the  detailed  results  will  be  found  farther  on,  but  the 
following  numbers  will  show  this  : — 


MA  - 

■  1 
—p. 

65-091 
64-676 

Diff.  ..       83-0° 
Gladstone          22*1° 

0-415 

65-28 

68-593 
68-096 

'^- 

0-497 

68-78 

72-89 

If  a  saturated  compound,  the  calculated  values  for  A  would  be 
60-4,  with  a  dispersion  of  2*78  between  A  and  H.  With  two  ethylene 
linkings  (Briihl),  it  would  be  65'0  for  A,  which  is  close  to  that 
found.  The  reduction  of  the  refraction  and  dispersion  on  heating, 
though  not  much  greater  than  would  be  expected  from  the  action  of 
heat  alone  (see  this  vol.,  pp.  293,  310),  tends  to  confirm  the  conclusion, 
namely,  that  this  substance  alters  in  constitution  slightly,  a  small 
portion  changing  into  the  hydroxyketonic  compound. 

Methyl  Acetoneoxalate  or  Methyl  Acetyl  pyruvate. 

As  this  substance  is  solid  at  ordinary  temperatures,  it  had  to  be 
examined  in  the  melted  condition  ;  it  fuses  at  63 — 64°  ;  being  a  methyl 
salt,  its  rotation  should  differ  from  that  of  the  ethyl  salt  by  about 
1*100  less;  this  would  make  it — 

For  ketonic  compound 6*432 

,,    hydroxyketonic  compound  .  . .       7*709 
„     dihydroxy-compound 9*024 

The  rotation  obtained  at  66°  was  8-876.  Therefore  at  this  tempera- 
ture the  rotation  is  close  to  that  required  by  the  dihydroxy-compound, 
though  not  quite  high  enough.  But  if  the  rotation  of  this  substance 
changes  with  heat  to  the  same  extent  as  that  of  the  ethylic  compound, 
at  20°  it  would  be  9*075,  which  is  close  to  the  estimated  number,  so 
that  this  substance  has  also  the  dihydroxylic  constitution 

ch3-c(oh):g:c(oh)-cooch3. 
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Ethyl  Biacetoacetafe, 

This  substance,  which  may  be  reorarded  as  acetylacetone  with 
hydrogen  replaced  by  the  group  COOC2H5,  as  well  as  ethyl  diaceto- 
acetate,  has  special  interest  in  reference  to  the  subject  under  con- 
sideration. It  has  been  shown  from  the  rotations  of  acetylacetone  at 
ordinary  temperatures  that  it  is  a  monhydroxy-compound,  and  as  its 
rotation  is  rather  higher  than  is  required  by  that  constitution,  it  may 
be  assumed  that  it  has  a  tendency  to  become  a  dihydroxy-compound. 
On  replacing  one  of  its  methyls  by  COOC2H5,  and  thus  producing 
ethyl  acetoneoxalate,  this  tendency  is  incraased,  and  a  dibydroxy- 
compound  is  formed  ;  therefore,  if,  instead  of  replacing  a  methyl 
group,  we  replace  one  of  its  hydrogen  atoms  by  COOC2H5, 
somewhat  analogous  conditions  are  obtained  which  would  also  be 
expected  to  conduce  to  the  formation  of  a  dihydroxy-compound,  but 
in  this  case  a  hydrogen  of  the  central  CHg  is  replaced  ;  this,  there- 
fore, can  now  only  lend  one  hydrogen  to  one  of  the  — CO —  groups, 
and  thus  only  a  monhydroxy-compound  can  be  formed  in  the  ordinary 
manner. 

CHa-CO-CH-CO-CHs  ^  CH3-C(OH):C-CO-CH3 
COOC2H5  COOC2H5* 

If  a  dihydroxy-compound  were  formed,  it  would  therefore  be  neces- 
sary for   one  of  the   methyl   groups   to   give    up    hydrogen   to   the 

n        1       ^        ^         CH3-C(OH):C-C(OH):CH2 
oarbonyl  and  produce  r\r\r\n  tt 

The  rotation  of  this  substance  may  be  estimated  thus : — 

Mol.  rot.  ethyl  acetoacetate 6*501 

,,        acetyl  rep.  hydrogen 2'037 

,,         ketonic  compound 8"538 

Calculated  from  series  constant — 

Ser.  const,  ketone  x  2 0*750 

Ethereal  salt 0-370 

3)Tl20 

0-373 

1-023  X  8        8-184 

Mol.  rot.  ketonic  compound 8  55 7 

Average  8-547. 

To  find  the  rotation  for  the  monhydroxyketonic  and  dihydroxylic 
compounds  the  same  difference  of  1*277  can  be  used  as  in  the  case  of 
acetoneoxalethyl  ether. 
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Thus— 

Mol.  rot.  ketonic  compound 8'547 

1-277 


monliydroxykefconic  compound. .        9*824 

1-277 


„         dihydroxylic  compound 11-101 

The  rotation  found  at  18-4°  was  10-699.  This  is  considerably  too 
high  for  a  monhjdroxy ketonic  compound,  the  difference  being  0-875, 
whereas  it  is  only  0'402  lower  than  that  required  by  the  dihydroxylic 
compound  ;  in  fact,  it  a.ppears  to  consist  of  about  one-third  of  the 
former  and  two-thirds  of  the  latter  compound. 

When  heated  to  92-6°,  its  rotation  was  10"449,  being  a  reduction  of 
0-250  for  74-2°  or  0-337  for  100°.  This  is  larger  than  is  likely  to 
result  from  the  influence  of  heat  alone,  showing  that  a  change  takes 
place,  the  quantity  of  the  monhydroxyketonic  compound  present 
becoming  slightly  larger. 

The  determinations  of  the  refractive  power  of  this  substance  made 
by  Dr.  Gladstone  and  also  by  myself  confirm  the  above  results,  as  the 
following  numbers  will  show  : — 


e 


17-6"        71-952  75-030 


t.  d        ^  d        ^  d        ^ 


■'^^''^'" 99-8°         71-641  U-m% 


Diff.  ..      82-2°  0-311  0-364 

Gladstone        22*8°         71-91  75-27  78-65 

Dispersion  H — A  =  6- 774. 

If  a  saturated  compound,  the  calculated  value  for  A  would  be  68*0, 
■with  a  dispersion  of  3-12  between  A  and  H.  With  one  ethylene  link- 
ing (Briihl),  it  would  be  70-3,  and  for  two  72-6.  The  refractive 
power,  therefore,  like  the  rotation,  shows  that  it  consists  of  a  mix- 
ture of  a  mono-  and  di-hydroxylic  compound ;  the  dispersion  is 
even  in  excess  of  that  required  by  this  constitution,  and  this  is 
further  indicated  by  the  reduction  of  the  refraction  and  also  of  the 
dispersion  on  heating,  which,  however,  is  not  much  greater  than  might 
ai'ise  from  the  action  of  heat. 

These  results,  therefore,  indicate  the  unexpected  existence  of  the 

.  CH3-C(0H):C-C(0H):CH,       .       .     ,x.     X.-  ,        ,-,      . 
compound  r\r\f\  r\  xr        »  ^^  lormmgtne  cniet  constituent 

000202116 

of  ethyl  dioacetacetate  at  ordinary  temperatures. 
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Diacetylacetone. 

This  substance  might  exist  in  foar  conditions,  or,  in  other  words, 
have  three  isomers  : — 

I.  Triketonic CH3-CO'CH2-CO-CH2-CO-CH3. 

II.  Hydroxydiketonic     CH3-C(OH):CH-CO-CH2-CO-CH3. 
III.  Dihydroxyketonic      CH3-C(0H):CH-C0-CH:C(0H)-CH3. 

IV.  Trihydroxy-  ....    ch3-c(oh):c:c(oh)-ch:c(OH)-ch3. 

The  rotation  may  be  estimated  as  follows  : — 

I.  Triketonic  formula — 

Mol.  rot.  of  acetone 3'5I4 

,,  acetyl  rep.  hydrogen  X  2        4*074 

7-588 
According  to  series  constant — 

Ser.  const,  acetone  X  3-^3 0*445 

1-023  X  7  7-161 

7-606 
Average  7-597. 

II.  Hydroscydiketonic  Formula. — The  saturated  form  of  this  would 
be  CH3-CH(OH)-CH2-CO-CH2-CO-CH3,  or  acetylmethyl  hydroxy- 
propyl  ketone. 

Methyl  propyl  ketone  may,  therefore,  be  taken  as  the  basis. 

Mol.  rot.  of  methyl  propyl  ketone  ....      5 '499 
„  acetyl  replacing  hydrogen      2-037 

7-536 
OH 0194 

7-730 
For  unsaturation 1112 

8-842 

By  series  constant,  the  saturated  compound  being  viewed  as  an 
isopropyl  alcohol  derivative, 
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Ser.  const,  isopropyl  alcohol   ....      0'950 
ketone  X  2 0-750 


3)1-700 


0-566 
1-023  X  7 7  161 


7-727 
For  ansaturation   ....      1*112 

8  839 
Average,  8-840. 

III.  Dihydroxyhetonic  Formula. — The  satnrated  form  of  this  would 
be  CH:rCH(OH)-CH3-CO-CH,-CH(OH)-CH3.  This  is  a  dihydroxydi- 
propyl  ketone. 

Taking  dipropyl  ketone  as  the  basis  of  the  calculation,  the  follow- 
ing result  is  obtained  : — 

Mol.  rot.  of  dipropyl  ketone 7*536 

(0H)2  194  X  2 0-398 

7-934 
For  unsaturation  X  2  . .      2-224 


10-158 


By  series  constant,  regarding  the  saturated  compound  as  a  ketonic 
dimethyl  glycol, 

Ser.  const,  dimethyl  glycol  (calc.)     1-078 

„  ketone 0-375 

2yr453 

0-726 

1-023  X  7 7*161 


7*887 
For  unsaturation  X  2.      2224 


10-111 
Average,  10*134. 

IV.  Trih/droxylic  Formula. — The  saturated  form  of  this  would  be 
CH3-CH(OH)-CH2-CH(OH)-CH2-CH(OH)-CH3.  This  is  a  heptane 
glycerol. 

Mol.  rot.  of  heptane  glycerol  (calc.)   . .        8'204 
For  unsaturation  X  3. ,        3-336 


11-540 
If  the  difference  of  1*277  found  between  similar  formulae  in  some  of 
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tlie  calculations  be  nsed,  the  niirnbers  obtained  are  not  very  different 
to  the  above. 

I.  Triketone 7-597 

1-277 


II.  Hydroxydiketone  .....      8-874 

1-277 


III.  Dihydroxyketone 10151 

1-277 


IV.  Trihydroxy. 11-428 

The  last  is  the  least  concordant,  differing  by  0'112. 

As  diacetjlacetone  is  a  solid,  it  was  examined  in  the  fused  state  at 
60-4° ;  it  then  gave  10-223  for  its  molecular  rotation.  This  evidently 
agrees  nearly  with  III  or  the  dihydroxyketonic  constitution 

ch.-c(oh):ch-co-ch:c(OH)-ch3, 

though  it  is  even  a  little  high  for  this. 

The  rotation  was  also  determined  at  96-3°,  and  then  gave  9"587  for 
its  molecular  rotation,  which  shows  a  very  large  reduction  con- 
sidering the  temperature  is  only  36-4°  above  the  previous  number, 
thus  : — 

/.  Mol.  rot.  t.  Mol.  rot.         t.  diff.      Mol.  rot.,  diff. 

59-3°  10-223  96-3°  9-587  37-3°  0635 

For  100°,  supposing  the  change  to  take  place  equally  (which  is  im- 
probable, as  it  is  likely  to  become  more  rapid  as  the  temperature 
rises),  it  would  amount  to  1-704. 

From  this  it  will  be  found  that  if  heated  up  to  about  137°  it  would 
have  passed  into  II,  the  hydroxydiketonic  compound,  with  a  rotation 
of  8-874,  and  if  it  could  be  kept  liquid  whilst  cooled  to  about  —Q'7'^ 
it  would  have  passed  into  IV,  the  trihydroxy-compound,  with  a 
rotation  of  11'428. 

The  refraction  and  dispersion  powers  of  this  substance  were  deter- 
mined at  two  different  temperatures  ;  the  following  numbers  show 
the  result : — 

60-0°  63-599  67-509 

99-8°  62-643  66180 


Diff...     39-8°  0-956  1-329 

The  calculated  refraction  for  A,  if  a  saturated  compound,  would  be 
58*2,  but  with  two  ethylene  linkings  (Briihl)  62-80.  This  is  some- 
what lower  than  that  obtained,  but  for  three  ethylene  linkings   it 
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would  be  65*1,  which  is  too  high;  therefore  these  results  show,  like 
the  rotation,  that  it  is  a  dihydroxylic  compound  at  this  temperature. 
As  with  the  rotation,  the  effect  of  heat  on  this  substance  alters  it  to  a 
very  large  extent,  both  in  refraction  and  dispersion.  The  above 
differences  are  only  for  about  40°  ;  for  100°  they  would  be  2'402  and 
3 "4 17  respectively,  giving  a  difference  of  dispersion  of  no  less  than 
about  1*015. 

Ethyl  ^-Imidohut urate,  or  Ethyl  ft-Amidocrotonate. 
This  substance,  which  is  known  by  both  the  above  names,  is  pro- 
duced by  the  action  of  ammonia  on  ethyl  acetoacetate  ;  its  constitu- 
tion is,  however,  disputed,  some  regarding  it  as  having  that  repre- 
sented by  the  first  name,  and  others  as  corresponding  to  the  second 
name. 

The  constitution  indicated  by  the  first  name,  namely, 
CH3-C(NH)-CH2'COOaH5, 
is  explained  very  easily  if  the  reaction  be  taken  as  occurring 
between  ammonia  and  ethyl  acetoacetate,  CH3'CO*CH2*COOC2H6. 
In  this  case  it  would  be  a  saturated  compound ;  but  if  it  be  indi- 
cated by  the  second  name,  that  is,  CH3'C(NH2)!CH*COOC2H5,  its 
formation  is  most  easily  explained  by  taking  ethyl  acetoacetate  as 
CH3-C(OH):CH-COOC2H5.  In  this  form  it  would  be  an  unsaturated 
compound.  It  was,  therefore,  interesting  to  examine  the  rotation  of 
this  substance. 

Its  rotation  may  be  estimated  thus: 
I.  As  ethyl  imidobutyrate — 

Mol.  rot.  of  ethyl  butyrate 6*477 

Less  H 0-254 

6-223 
Plus  nitrogen  in  amines  . .      0-717 

,,  ethyl  imidobutyrate 6-940 

II.  As  ethyl  amidocrotonate — 

Mol.  rot.  of  ethyl  a-crotonate 7*589 

NH2  rep.  H   0-971 

„  ethyl  amidocrotonate    ....      8*560 

The  rotation  of  the  substance  in  a  state  of  surfusion  at  15°  was 
10-770;  it  was  also  examined  at  86-5"^,  and  gave  10494,  giving  a 
difference  of  0-276  for  71*5° ;  but  it  would  not  be  wise  to  lay  much 
stress  upon  this,  as,  when  kept  heated,  this  substance  undergoes 
decomposition  very  quickly  with  evolution  of  ammonia. 

The  rotation  found  is  no  less  than  2-210  higher  than  that  esti- 
mated, even  for  the  unsaturated  compound;  so  that  there  cannot  be 
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a  doubt  that  it  is  a  compound  of  that  nature  ;  but  why  it  is  so 
abnormally  high  it  is  difficult  to  understand.  Very  little,  however, 
is  known  as  to  the  rotation  of  unsaturated  amido-derivatives  (allyl- 
amine  being  the  only  one  examined  ;  this,  however,  does  not  give  an 
abnormal  rotation),  but  that  the  NH2  has  a  remarkable  influence,  in 
some  instances,  is  certain;  this  is  seen  in  the  aromatic  series,  where 
aniline  and  other  bases  are  found  to  give  remarkably  high  rotations. 
For  example,  benzene  has  a  rotation  of  11  "295  ;  the  introduction  of 
NH3  and  formation  of  aniline  raises  this  to  16'097.  Therefore  the 
method  of  estimating  the  rotation  of  this  substance  may  be  at  fault 
to  some  extent.  It  also  might  possibly  be  that  this  compound  is  a 
fumaro'id  modification ;  this  would  raise  the  rotation,  but  not  suffi- 
ciently to  account  for  all  the  difference  found. 

On  account  of  obtaining  these  high  numbers,  it  was  thought  de- 
sirable to  examine  the  refractive  power  of  this  substance  ;  this  gave 
for 

t.  d     ^  d     ^ 

16°  61-67  67-08 

The  substance  was  then  allowed  to  crystallise,  and  well  pressed 
between  bibulous  paper  to  remove  any  changed  product  it  might 
contain  from  having  been  heated  a  little  j  it  then  gave — 

t.  d      ^  d     ^ 

15-8°  61-80  67-17 

These  two  determinations  thus  give  practically  the  same  results. 
These   numbers,    like    the   rotation,    are   remarkably   high.     The 
calculated  values,  CeHnNOs,  are — 

As  saturated 55-5 

As  unsaturated 67'8 

The  dispersion  G — A  is  5-37,  which  is  enormous. 

The  refractive  and  dispersive  powers,  therefore,  confirm  the  mag- 
netic rotations. 

Had  it  not  been  known  that  ethyl  acetoacetate  was  a  ketonic 
compound,  the  formation  of  this  substance  might  have  been  considered 
as  favouring  its  hydroxylic  constitution. 

The  action  of  ammonia  on  ethyl  acetoacetate  is  analogous  to  that 
of  phenylhydrazine,  as  Nef  has  shown  (Annalen,  266,  64)  that  the 
primary  product  formed  in  the  latter  case  is  the  phenylhydrazide, 
CH3-C:CH-COOC,H5        ,      _,       ,        ... 

NH-NH-C  H       '  phenylhydrazone, 

CHa-C-CHa-COOCaHs 
N-NH-CeFs 
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Aromatic  Compounds. 

The  examination  of  the  following  compounds,  which  correspond 
to  some  of  the  foregoing,  in  which  methyl  is  replaced  by  phenyl, 
namely  : — 

Ethyl  benzojlacetate, 

Benzoylacetone, 

Methy]  acetophenoneoxalate, 

Ethyl  acetophenoneoxalate, 

is  interesting,  because  the  introduction  of  phenyl  into  a  compound 
affects  its  properties  in  a  different  way  from  that  of  the  alcohol 
radicles,  being  less  basic  in  its  character. 

The  magnetic  rotations  of  a  very  large  number  of  aromatic  com- 
pounds have  been  determined  but  not  yet  published,  and  thus 
some  help  can  be  obtained  in  calculating  the  rotations  the  above  sub- 
stances should  have.  No  set  of  series  constants  has  as  yet  been 
formed,  so  that  this  means  of  corroborating  the  numbers  obtained  by 
other  methods  cannot  be  used,  but,  as  the  differences  to  be  dealt  with 
are  large,  any  small  errors  will  not  invalidate  the  conclusions 
arrived  at. 

In  the  aromatic  series,  the  average  value  of  CJis  replacing  hydro- 
gen is  10'400.  This,  however,  fluctuates ;  thus  in  ethyl  benzoate 
it  is  10301,  in  acetophenone  10122,  and  in  benzyl  alcohol  10*760. 

The  difference  between  the  rotation  of  saturated  and  unsaturated 
compounds  containing  CeHg  is  much  greater  than  in  the  fatty  series. 
The  following  comparisons  will  show  this  : — • 

Mol.  rot.       Diff. 

Cinnamene   16*081 1  o-aao 

Ethylbenzene    13-391  J 

Allylbenzene 17*577  1  o.fyy'y 

Propylbenzene 14*550  J  *" 

y3-Butenylbenzene    ....      18*325  1  0.^05 
Butylbenzene  (calc.)   ..      15*590  J 
The  average  of  these  is 2*817. 

This  value  is  for  substances  differing  in  composition  by  Hg.  But 
the  above  ketonic  compounds  and  their  unsaturated  hydroxy  lie 
isomers  do  not  differ  in  composition  by  Hg,  so  that  this  will  have  to 
be  taken  into  account. 

The  difference  of  rotation  due  to  the  variation  of  composition  by 
H2  in  the  aromatic  series,  which  would  apply  to  the  calculation  of  tlie 
rvytation  of  the  unsaturated  hydroxylic  compounds  under  consideni- 
tion,  cannot  be  obtained  directly,  but  may  be  arrived  at  by  analogy 
from  the  fatty  series,  thus — 
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The  rotation  of  benzylic  alcohol  is  12400,  and  that  of  benzalde- 
hyde  11'846  ;  the  difference  between  these  rotations  for  variation  of 
composition  by  H3  is  0*554. 

If  we  compare  aldehydes  and  alcohols  in  the  fatty  series,  the  difference 
found  is  about  0*436. 

In  the  fatty  series  the  amount  for  unsatu  ration  by  H2  (1*112)  will 
be  found  to  have  required  the  addition  of  0*224  to  make  it  suitable  to 
represent  the  difference  for  unsaturation  in  the  case  of  the  hydroxy  lib 
isomprs  of  ethyl  acetoacetate  and  acetylacetone,  and  0*165  in  the  case 
of  the  monohydroxylic  isomers  of  ethyl  and  methyl  acetoneoxalate. 

Now,  as  the  difference  between  alcohols  and  aldehydes  of  the  fatty 
series  is  to  the  above  quantities,  so  will  most  probably  be  the  differ- 
ence between  the  aromatic  alcohols  and  aldehydes  to  the  numbers 
required. 

For  ethyl  benzoylacetate  and  benzoylacetone  this  would  be  0*284  ; 
this,  added  to  the  amount  for  unsaturation,  namely,  2*817,  will 
give  3*101  as  the  difference  in  rotation  which  exists  between  the 
rotation  of  these  two  substances  and  their  hydroxy  lie  unsaturated 
isomers.  For  ethyl  and  methyl  acetophenoneoxalate  it  will  be  0*209  ; 
this,  with  2*817,  will  give  3*02(5  as  the  difference  for  this  class  of 
compound. 

The  influence  of  COOC2H5  and  COOCH3  replacing  hydrogen  in  the 
aromatic  series  is  about  2*800  and  1  340  respectively. 

The  value  of  CH2  is  slightly  higher  than  in  the  fatty  series,  namely, 
1*040. 

With  these  particulars  it  will  be  possible  to  get  pretty  close 
approximations  to  the  molecular  rotation  of  the  substances  under 
consideration  and  their  possible  hydroxylic  isomers. 


Ethyl  Benzoylacetate. 

The  rotation  of    this    compound   and  its    unsaturated  hydroxylic 
ieomer  may  be  calculated  thus  : — 

Mol.  rot.  of  ethyl  acetoacetate 6*501 

LessGHs 1023 

5*478 
„         phenyl  replacing  hydrogen  as 

in  acetophenone 10*122 

„         ethyl  benzoylacetate 15*600 

For  unsaturation 3*101 

Hydroxylic  compound 18*701 


t. 

Mol.  rot. 

i. 

Mol.  rot. 

18-8° 

16-393 

100  6° 

16-191 
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The  molecular  rotation  found  for  ethyl  benzoylaeetate  wan  16'393 
at  18-8°  ;  this  is  higher  than  that  required  by  the  ketonic  constitution 
by  0-793,  but  less  than  is  required  by  the  hydroxylic  constitution  by 
2-321  ;  it  would,  therefore,  appear  to  be  a  mixture  consisting  of 
about  3  parts  of  the  ketonic  to  1  of  the  hydroxylic  compound. 
This  substance  was,  therefore,  measured  at  a  higher  temperature, 
namely,  100-6°,  and  it  then  gave  16-192  (corrected  for  influence  of 
temperature  ;  see  p.  862).  The  following  shows  clearly  this  influence 
of  temperature  : — 

t.  dife.    Mol.  rot.  diff.     Diif.  100°. 

81-8°        0-202  0-247 

These  results  indicate  that  this  substance  becomes  somewhat  more 
ketonic  in  composition  by  rise  of  temperature  in  the  same  way  as 
do  many  of  the  fatty  compounds  previously  examined. 

From  the  rotation  of  ethyl  benzoylaeetate  it  is  seen  that  phenyl 
favours  the  hydroxylic  condition  more  than  methyl,  because  ethyl 
acetoacetate  appears  to  be  ketonic  only. 

Benzoylacetone. 

This  substance,  which  is  the  phenylic  representative  of  acetyl- 
acetone,  may  also  be  regarded  as  acetylacetophenone, 

CH^CCO-CHaj-CO-CeHs. 

Its  rotation  and  that  of  its  hydroxylic  isomers  may  be  estimated 
thus : — 

Mol.  rot.  of  acetophenone 12-591 

„         acetyl  rep.  H 2-039 

,,  benzoylacetone 14*630 

For  unsaturation 3-101 

,,         hydroxyketonic        com- 
pound        17-731 

For  unsaturation 3-101 


„         dihydroxylic   compound     20832 

Benzoylacetone  melts  at  58°.  Its  rotation  was  determined  at  63-3°, 
and  gave  18-782.  It  is  evidently  nearest  to  that  of  the  hydroxyketonic 
compound,  CH3-CO-CH:C(OH)-C6ll5,  but  at  the  same  time  it  is  1-039 
above  that  number,  indicating  that  it  contains  about  30  per  cent, 
of  the  dihydroxylic  compound,  CH3-C(0H):CH:C(0H>C6H5.  Acetyl- 
acetone  was  found  to  consist  of  a  hydroxyketonic   compound  with 
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about  20  per  cent,  of  the  dihydroxylic  compound.  This  comparison 
again  shows  that  phenyl  favours  the  hydroxjlic  condition  more  than 
methyl  does. 

Methyl  AcetopJtenoneoxalate. 

This  substance  corresponds  to  methyl  acetoneoxalate,  in  which  a 
methyl  group  is  replaced  by  phenyl ;  its  composition  is 

CeHs-CO-CHo-CO-COOCHa. 

Tt  may  be  viewed  as  benzoylacetone  in  which  methyl  is  replaced  by 
COOCHs,  and  its  rotation  estimated  for  its  ketonic  and  hydroxylic 
forms  ;  thus  : — 

Mol.  rot.  of  benzoylacetone 14*630 

Less  CH2 1-040 

13-590 
COOCH^rep.  H 1340 

„         methyl  acetophenoneoxalate      14-930 
For  unsafcuration 3  026 

,,         hydroxyketonic  compound. .      17-956 
For  unsaturation 3-026 

Dihydroxylic  compound. . . .      20982 

This  substance  melts  at  61".  Its  rotation  was  determined  in  the 
fused  state  at  66'5,°  and  gave  21*511.  This  agrees  nearest  with  that 
of  the  dihydroxy-compound,  C6H5-C(OH):C:C(OH)-COOCH3 ;  it  is, 
however,  a  little  higher  (0*529)  ;  but  as  there  is  no  probability  of  a  tri- 
hydroxy-compound  existing,  and  much  difficulty  was  experienced  in 
determining  its  rotation,  this  may  be  due  to  experimental  error. 

The  result  agrees  with  that  obtained  with  methyl  acetoneoxalate. 

Ethyl  Acetophenoneoxalate. 

The  rotations  of  this  substance  for  the  three  forms  in  which  it 
might  exist  should  be  about  I'lOO  higher  than  for  the  methyl  salt. 
This  would  give  the  following  numbers : — 

Mol.  rot.  for  ketonic  compound 16030 

„              hydroxyketonic         com- 
pound    19-056 

„  dihydroxylic  compound.  22082 

This  substance,  which  melts  at  42°,  was  examined  at  47*  1",  and 
VOL.   LXI.  3   N 
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gave  for  its  molecular  rotation  22'175.  This  again  is  for  the  dihjdr- 
oxjlic  constitution  C6H5-C(OH):C:C(OH)-COOC2H5,  ethyl  acetone- 
oxalate  also  giving  numbers  for  an  analogous  compound. 

Conclusions. 

Monohetonic  Compounds. — With  the  exception  of  ethyl  acetonedi- 
carboxylate,  all  those  which  have  been  examined  for  their  magnetic 
rotation,  as  wqW  as  for  their  refractive  power  (where  this  has  been 
observed),  are  shown  to  be  saturated,  and  therefore  ketonic.  In  the 
case  of  ethyl  acetonedicarboxylate,  a  small  quantity  of  a  hydroxylic 
compound  is  apparently  present  owing  to  the  influence  of  the  two 
negative  COOC2H5  groups,  which  are  seen  to  have  such  a  large 
influence  in  other  cases. 

Besides  the  compounds  examined  in  this  paper,  this  has  also  been 
found  to  be  the  case  in  the  following  instances  : — 

Ethyl  acetosuccinate, 
Acetobutyl  alcohol, 
Acetopropyl  alcohol, 
Acetylcarbinol, 
Dichloracetone, 
Acetylmethylpentamethylene. 

Diketonic  Compounds. — Acetylacetone  at  about  17°  is  found  to  be, 
both  by  its  magnetic  rotation  and  refractive  power,  an  unsaturated 
hydroxyketonic  compound  containing  about  20  per  cent,  of  a  dihydr- 
oxylic  compound. 

Methyl  and  ethyl  acetoneoxalate,  which  differ  from  the  foregoing  in 
containing  the  positive  groups  COOCH3  and  COOC2H5  in  place  of 
methyl,  are  dihydroxylic  at  about  20°. 

Ethyl  diacetoacetate  at  18°  consists  of  a  mixture  of  about  32  per 
cent,  of   monhydroxylic  and  68  per  cent,  of  dihydroxylic  compounds. 

Triketonic  Compounds. — The  only  one  of  these  examined,  namely, 
diacetylacetone,  when  fused,  is  at  about  60°  a  dihydroxylic  compound. 

From  the  rotation  of  methyl-  and  ethyl-acetylacetone,  it  appears 
that  the  alcohol  radicles  replacing  hydrogen  in  acetylacetone,  render 
the  compound  more  ketonic,  the  larger  radicle  having  the  greater 
influence  in  this  respect ;  thus  the  composition  of  these  bodies  at 
ordinary  temperatures  may  be  represented : — 


Per  cent,  of 

Per  cent,  of 

Per  cent,  of 

ketonic. 

liydroxylic. 

dihydroxylic. 

Acetylacetone 

— 

80-0 

20 

Methylacetylacetone  . 

.      46-4 

53-6 

— 

Ethylacetylacetone    . 

.      740 

26-0 

— 
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From  this  it  may  be  inferred  that,  if  still  larger  radicles  were 
introduced,  it  is  probable  that  the  bjdroxyketonic  compound  would 
cease  to  exist,  and  the  body  be  simply  ketonic. 

This  has  an  important  bearing  upon  the  subject  of  judging  as  to 
what  the  constitution  of  compounds  of  this  class  will  be  from  those 
they  are  derived  from,  or  vice  versa.  For  example,  both  these  sub- 
stances are  produced  from  unsaturated  acetylacetone, 

CH3-C(OH):CH-CO-CH3, 

or  from  its  sodium  compound,  CH3'C(0]S"a)!CH'CO'CH3 ;  yet  ethyl- 
acetylacetone  consists  chiefly  of  the  saturated  ketonic  product 
CH3-CO-CH(C,H5)-CO-CH3. 

From  this  it  is  seen  that  the  presence  of  hydrocarbon  radicles  of  the 
fatty  series  favours  the  ketonic  form,  just  as  the  positive  radicle 
COOC2H5  favours  the  hydroxy  lie  form. 

The  masrnetic  rotations  of  the  aromatic  compounds  confirm  those 
obtained  with  the  corresponding  compounds  in  the  fatty  series,  but,  at 
the  same  time,  phenyl  being  a  more  positive  compound  than  methyl,  the 
hydroxjlic  condition  is  favoured  to  a  greater  extent,  even  ethyl 
benzoyl  acetate  containing  apparently  about  20  per  cent,  of  its 
hydroxylic  isomer. 

Ethyl  acetoacetate,  being  a  ketonic  compound,  is  not  changed  when 
heated,  but  the  small  amount  of  hydroxylic  isomer  present  in  ethyl 
acetonedicarboxylate  disappears  below  100°. 

Ethyl  y3-imidobutyrate  or  ^-amidocrotonate  is  evidently  an  un- 
saturated compound,  and,  therefore,  is  correctly  described  by  the 
second  name. 

All  the  diketonic  compounds  of  the  fatty  series  examined  are  more 
or  less  hydroxylic,  and  change  when  heated,  becoming  less  hydr- 
oxylic, acetylacetone  and  methylacetylacetone  being  the  most  largely 
affected.  This  is  also  true  of  ethyl  benzoylacetate,  and  probably  the 
other  aromatic  compounds  examined. 

The  triketone  diacetylacetone  changes  to  a  much  greater  extent 
than  any  of  the  other  substances  examined  with  rise  of  temperature, 
becoming  less  hydroxylic. 

It  is  seen  from  the  above  observations  that  the  influence  of  heat 
on  the  hydroxylic  isomers  of  the  ketonic  compounds  tends  to  cause 
them  to  change  into  the  more  stable  ketonic  form. 

The  existence  of  products  consisting  of  two  or  more  isomeric  com- 
pounds in  a  state  of  unstable  equilibrium,  their  relative  proportions 
varying  with  temperature,  is  remarkable,  especially  as  they  differ 
considerably  in  constitution,  some  being  saturated,  and  others  un- 
saturated :  so  that  it  is  difficult  to  tell  why  the  presence  of  one  should 
be  necessary  to  the  existence  of  the  other  or  others.     This  may  have 
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something  to  do  with  the  way  these  products  behave  with  reagents, 
because  it  is  jnst  possible  that  the  addition  of  other  substances  may 
disturb  the  equilibrium  that  exists,  and  the  product  may  become 
either  entirely,  or  to  a  much  larger  extent,  ketonic,  or  (which  is  less 
probable)  hydroxylic,  and  this  may  account  for  results  obtained 
which  are  different  from  those  expected. 

It  would,  therefore,  be  interesting  to  examine  the  magnetic  rota- 
tions of  mixtures  of  some  of  these  compounds,  such  as  acetylacetone, 
with  different  reagents,  as  this  would  show  whether  they  do  have  any 
influence  of  this  kind.  I  hope  to  do  this  when  I  have  the  oppor- 
tunity. When  high  temperatures  are  employed  to  induce  chemicRl 
change,  it  is  well  to  remember  that  these  substances  will  probably,  in 
many  cases,  be  ketonic  compounds. 

Experimental  Results. 
Pyruvic  Acid. 

The  acid  was  obtained  from  Kahlbaum  ;  as  the  purifcy  of  the  acid  is 
always  doubtful,  however  carefully  prepared,  it  was  examined  by 
titration  with  sodium  hydrate  solution.  The  result  obtained  showed 
99-89  per  cent,  of  acid. 

The  density  determinations  gave — 


d4>°l4°    1-2881. 
d  10/°10°    1-2808. 

d  25725^ 

The  magnetic  rotations  gave — 


d  15715°     1-2752. 
d  20720°     1-2700. 
1-2649. 


t 

i 
Sp.  rotation.       Mol.  rotation. 

14-5° 
14-5 
14-5 
14-5 

0  -9282 
0-9279 
0-9294 
0  -9272 

3-557 
3-556 
3-561 
3-553 

Average  14-5 

0-9282         1           3-557 

Ethyl  Acetoacetate. 

The  boiling  point  of  the  specimen  used  was  181- 
The  density  determinations  gave — 

dlO^IIOr    0-9941. 


d  7 5°  17 5" 
d  8O78O" 


0-9913. 

0-9888. 
J100°/100= 


d  85785° 
d  90790° 
d  95795° 
0-9809. 


-182°  (corr.). 

0-9865. 
0-9843. 
0-9824. 
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t. 

Sp,  rotation. 

Mol.  rotation. 

90-5° 

90-5 

90-5 

90-5 

90-5 

90-5 

0  -8894 
0  -8817 
0  -8774 
0  -8801 
0  -8789 
0  -8824 

6-527 
6-470 
6-439 
6-459 
6  450 
6-476 

Average  90  h 

0-8816 

6-470 

Ethyl  Ethylacetoacetate. 

This  was  prepared  from  ethyl  sodacetoacetate  and  ethyl  iodide  in 
the  usual  manner.     It  boiled  at  197-7 — 198*8°  (corr.). 
The  density  determinations  gave — 


£^474°    0-9937. 
dlO°lW    0-9879. 

d  2.5725= 

The  magnetic  rotations  gave — 


(Z 15715°     0-9838. 
d  2072O"     0-9800. 
0-9767. 


t. 

Sp.  rotation. 

Mol.  rotation. 

17-8° 

17-8 

17-8 

17-8 

17-8 

17-8 

0  -9286 
0  -9333 
0  -9308 
0-9304 
0-9348 
0  -9304 

8-304 
8-346 
8-324 
8-320 
8-360 
8-320 

Average  17-8 

0-9314 

8  -329 

Ethyl  Ethylideneacetoacetate. 

The  specimen  of  this  substance  examined  boiled  at  112^  at  15  mm. 
(Claisen). 

The  density  determinations  gave — 

J,  474°     1-1082.  (i  15715°     10986. 

(i  10710°     1-1027.  rf  20720"     1-0950. 

d  25°/25°     1-0914. 

The  magnetic  rotations  gave — 


;38 
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t. 

Sp.  rotation. 

Mol.  rotation. 

19-6° 

19-6 

19-6 

19-6 

1-1096 
1-1136 
1-1077 
1-1122 
1-1103 

9  -361 
9-394 
9-345 
9-382 
9-387 

Average  19  6 

11107 

9-370 

Levulinic  Acid. 

Tlie  crystallised  acid  ^as  rapidly  distilled  and  collected  in  two 
fractions. 

Fraction  I. — This  boiled  at  249*5 — 251-5°  (corr.)  and  was  examined 
in  a  state  of  surfusion. 

The  density  determinations  gave — 

cZ474°     1-1524.  (Z 15715"     1-1421. 

dl  10710°     1-1462.  (^207zO'^     1-1386. 

d  25725°     1-1358. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

13-7° 

0  -9802 

5-526 

13-6 

0  -9817 

5-534 

13-6 

0  -9842 

5  -549 

' 

13-7 

0-9802 

5-526 

15-3 

0-9815 

5-510 

15-2 

0-9856 

5  -563 

15-2 

0  -9874 

5  574 

15 -5i 

0  -9867 

5-569 

15-3 

0  -9830 

5-548 

Average  14-5 

0-9834 

5-548 

Fraction  JJ.— This  boiled  at  251—253°  corr. 
The  density  determinations  gave — 

«f4°/4°    1-1537.  (?  15715°     1-1438. 

(^  10710°     1-1478.  f?  20720°     1-1404. 

c^  25725°     1-1376. 


The  magnetic  rotations  gave- 
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'                   t. 

Sp,  rotation. 

Mol.  rotation. 

16^ 

16 

16 

16 

16 

0-9718 
0-9740 
0-9788 
0  -98-22 
0-9792 

5-479 
5-491 
5-518 
5  -537 
5-521 

-  Average     16 

0  -9772 

5-509 

Levulinic  Acid  +  2H2O. 

This  solution  was  made  with  the  acid  of  Fraction  I. 
The  density  determinations  gave — 

dlh°;i^°     1-1228.  ^20720°     1-1197. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

MoL  rotation. 

.       14  -2° 
14-2 
14-2 
14-2 

0  -9973 
0-998i 

1  -0037 
0-9939 

7-497 
7-503 
7-545 
7-471 

Average  14-2 

Less  2  inols   C 

0-9983 
)Ho 

7-504 
2 

5-504 


The  numbers  obtained  from  the  determination  of  the  fused  acid 
and  the  solution  in  water  being  very  similar,  the  average  of  the  three 
results  may  be  taken,  namely,  5'520,  as  the  molecular  rotation  of  this 
acid. 


Ethyl  Acetonedlcarhoxylate. 

Professor  v.  Pechmann  was  kind  enough  to  furnish  me  with  a  very 
pure  specimen  of  this  substance.  Its  boiling  point  was  165"  at 
38  mm.  (Pechmann). 

The  density  determinations  gave — 


d  474° 

1-1269. 

d  30730° 

1-1046 

d  10°/10° 

1-1209. 

d  35°/35° 

11023 

d  15715° 

11165. 

d  40°/40° 

1-0993 

d  20720° 

11126. 

(i  45^/45° 

1-0963 

d  25725° 

1-1090. 

d  50750° 

1-0934 
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<£  80780°     1-0801. 

d  60760° 

1-0885 

tZ  85785"     1-0783. 

d  65765° 

1-0863. 

fZ  90790°     1-0767. 

d  70770° 

1-0841. 

^95795°     1-075.3. 

tZ  75775°     1-0821. 


d  1007100°    1-0740. 


The  magnetic  rotations  gave- 


t. 

Sp.  rotation. 

Mol.  rotation. 

13-2° 

0-9598 

9-633 

13-2 

0-9598 

9-633 

13-2 

0-9613 

9-648 

13-5 

0-9604 

9-641 

14-2 

0-9571 

9  -622 

19-7 

0 -9493 

9-574 

19-7 

0-9505 

9-586 

19-7 

0-9479 

9-559 

19-7 

0 -9493 

9-574 

Average  16-2 

0-9550 

9-608 

t. 

Sp.  rotation. 

Mol.  rotation. 

94° 

94 

94 

94 

94 

0  -8949 
0-9003 
0  -8967 
0-8987 
0-9018 

9-337 
9-393 
9  -.S56 
9-377 
9-409 

Average     94 

0-8985 

9-374 

Acetylacetoney  Methylacetylaceione,  and  Ethylacetylacetone, 
Acetylacetone,  Specimen  I. 

The  first  specimen  of  this  substance  examined  was  prepared  by 
Professor  Dunstan  and  Mr.  T.  S.  Djmond  for  their  interesting  ex- 
periments on  the  synthesis  of  trimethylisoxazole*  (Trans.,  1891,  59, 

*  Dunstan  and  Dymond,  in  their  paper  "  On  the  Action  of  Alkalis  on  the  Nitro- 
compounds of  the  Paraffin  Series  "  (Trans.,  1891,  59,  415),  have  misunderstood  my 
remarks  on  the  magnetic  rotation  of  trimethylisoxazole.  They  stale  that  the  results 
might  *'  indicate  that  the  compound  is  unsaturated  to  the  extent  of  four  equivalents 
of  hydrogen  (H4)."  The  rotation  of  this  suhgtance  is  peculiar  ;  it  is  too  high  for  a 
saturated  compound,  and  at  the  same  time  is  scarcely  high  enough  for  a  body  un- 
saturated to  the  extent  of  H2,  and  consequently  agrees  best  with  the  formula  they 
propose,  which  requires  it  to  be  unsaturated  to  this  extent  only. 
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428).  It  was  made  by  Claisen's  method  (Ber.,  22, 1010),  and  purified 
by  conversion  into  its  copper  derivative,  from  whicli  it  was  afterwards 
liberated  by  means  of  dilute  sulphuric  acid.  This  was  examined 
both  last  year  and  also  this  year,  and  it  will  be  seen  that  the 
results  on  both  occasions  were  practically  the  same,  showing  that  it 
does  not  change  to  any  appreciable  extent  on  keeping,  though  there 
is  a  slight  difference  in  the  densities  taken  on  the  two  occasions. 

Examined  1891.  The  boiling  point  of  the  product  was  137 — 140° 
(D.  and  D.). 

The  density  determinations  gave — 


d  474' 
d  IO7IO' 


0-9897. 
0-9838. 

d  25725' 


d  15715° 
^20720° 
0-9712. 


0-9792. 
0-9750. 


The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

15  0° 

1  -2502 

7-092 

15-5 

1 -2590 

7-146 

15-5 

1  -2658 

7  -184 

15-5 

1  -2583 

7  142 

15-5 

1  -2524 

7-108 

15-5 

1  -2539 

7  116 

16-0 

1  -2553 

7-127 

Average  15-5 

1  -2564 

7  131 

Examined  1892. 

The  density  determinations  gave- 


d  474° 
t^  10710° 
d  15715° 
d  20720° 
d  25°/25° 
d  30°/30° 
d  35°/35° 
d  40°/40° 
d  45°/45° 
d  50750° 


0-9925. 
0-9863. 
0-9819. 
0-9781. 
0-9745. 
0-9709. 
0-9G76. 
0-9645. 
0-9615. 
0-9587. 


d  55755° 

0-9560. 

d  60760° 

09533. 

d  65765° 

0-9506. 

d  70°/70° 

0-9481. 

d  75775° 

0-9457. 

d  80°/ 80° 

0-9434 

d85°/85° 

0-9413. 

d  90°/90° 

0-9394. 

d  95°/95° 

0-9376. 

d  1007100° 

0-9359. 

The  magnetic  rotations  gav( 
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t. 

Sp.  rotation. 

Mol.  rotation. 

15-4° 

1  -2589 

7  125 

15-4 

1  -2585 

7 

122 

15-4 

1  -2580 

7 

120 

15-4 

1  -2580 

7- 

120 

15-7 

1  -2595 

7 

129 

15-6 

1  -2602 

7 

133 

15-7 

1  -2642 

7 

156 

15-6 

1  -2605 

7-135 

Average  15-2 

1-2597 

7-130 

The  rotation  T^as  also   determined  at  a  higher  temperature,  and 
gave  the  following  result : — 


t. 

Sp.  rotation. 

Mol.  rotation. 

85-7° 
85-7 
85-7 
85-7 

1-1131 
1-1158 
1 -1182 
1-1135 

6-571 
6-587 
6-601 
6-574 

Average  85  '7 

1-1151 

6-583 

These  numbers  show  a  remarkable  reduction  in  the  rotation  when 
determined  at  higher  temperatures. 


Methylacetylacetone,  Specimen  I. 

This  was  prepared  by  Professor  Dunstan  and  Mr.  Dymond  by 
heating  the  sodium  compound  of  acetylacetone  with  methyl  iodide  at 
140°.  It  was  purified  by  fractional  distillation.  The  boiling  point 
of  this  specimen  was  168"5 — 169°  (D.  and  D.). 

The  density  determinations  gave — 

d  4°/4° 
d  10710= 


0-9920. 

ci  15715° 

0-9824. 

0-9865. 

d  20720° 

0-9787. 

d  25725° 

0-9753.   . 

The  magnetic  rotations  gave- 
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t. 

Sp.  rotation. 

Mol,  rotation. 

]5-5° 

1  -1306 

V-291 

15-5 

1-1262 

7-263 

15-5 

J    12^2 

7-263 

]5'5 

1  -1292 

7-282 

15-5 

1  -1226 

7-240 

15-5 

1 • 1268 

7-266 

15-5 

11216 

7-233 

Average  15-5 

1  1261 

7-263 

As  this  substance  was  kept  a  long  time  before  tlie  following  deter- 
minations were  made,  and  had  become  yellow,  evidently  owing  to 
some  slight  decomposition,  it  was  redistilled,  and  the  fraction  boiling 
at  170 — 172*5°  (corr.)  taken  for  examination. 

The  density  determinations  gave — 


(^474° 

0-9925 

. 

d  hh^'lh^" 

0-9596. 

d  10710° 

0-9878 

d  60°/60° 

0-9570. 

d  15715° 

0-9837 

. 

d  65°/65° 

0-9544. 

d  20720° 

0-9801 

d  70°/70'' 

0-9518. 

d  9.h''i'2,b° 

0-9768 

. 

d  7h°ilh° 

0-9494. 

d  30730° 

0-9736 

. 

d  80°/80° 

0-9472. 

d  35735° 

0-9707 

cZ  85785° 

0-9451. 

d  40°/40° 

0-9678 

d  90790° 

0-9434. 

cZ45°/45° 

0-9651 

. 

d  95795^ 

0-9419. 

d  50750° 

0-9623 

d  1007100° 

0-9405. 

The  magnetic  rotations  gave — 

t. 

Sp.  rotation. 

Mol.  rotation. 

92° 

0-9976 

6-7 

31 

92 

0-9961 

6-691 

92 

0  -9930 

6-670 

92 

0-9930 

6-670 

92 

0  -9891 

6-644 

Average 

92 

0-9937 

G-Q 

75 

Two  or  three  hours  after  t 

liese  determinations  were  made,  and  the 

substance  having  cooled  dov\ 

n,  it  was  remeasured 

and  gave  the  fol- 

lowing  results  : — 
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t. 

Sp.  rotation. 

Mo 

.  rotation. 

15-2° 

15-2 

15-2 

15-2 

15-2 

1  -0488 
1  -0488 
10525 
1 -0503 
1 -0532 

6-752 
6-752 
6-776 
6-762 

6-781 

rage  15*2 

1  -0507 

6-765 

From  these  it  is  seen  that  the  rotation  is  much  smaller  than  when 
previously  examined  at  about  this  temperature,  but,  on  re-examina- 
tion a  few  weeks  afterwards,  it  was  found  to  have  regained  its 
normal  rotation.  From  this  it  is  evident  that  the  substance  undergoes 
a  considerable  amount  of  change  on  heating,  and  does  not  at  once 
regain  its  original  character  on  cooling,  but  requires  time  to  do  so. 
The  density  of  the  product  also  becomes  lower  after  it  is  heated,  and 
this  does  not  rise  to  the  normal  for  some  time.  To  get  an  idea  of 
the  rate  of  change  of  density,  an  experiment  was  made  in  a  dilato- 
meter,  the  particulars  of  which  are  given  in  the  earlier  part  of  this 
paper  (p.  817). 

After  obtaining  these  remarkable  results,  it  was  thought  that  it 
would  be  interesting  to  examine  a  different  specimen  of  this  sub- 
stance, and  also  of  acetylacetone,  and  Professor  Claisen  very  kindly 
prepared  them  for  me  with  great  care  ;  he  also  furnished  me  with  a 
specimen  of  ethylacetylacetone. 

The  following  results  were  obtained  wdth  these  new  specimens  : — 


I 


Acetylacetone^  Specimen  II. 


This  boiled  at  138- 

-138-5°,  and 

was  nearly  colourless.    ^. 

determinations  gave- 

- 

d  474° 

0-9897. 

d  hh^ihh'' 

0-9517. 

d  10710° 

0-9837. 

d  60760° 

0-9492. 

d  15715° 

0-9791. 

d  65765° 

0-9468. 

d  20°  120" 

0-9748. 

d  70°/70° 

0-9445. 

d  25725° 

0-9710. 

d  Ih^llh'' 

0-9425. 

d  30°/30° 

0-9674. 

d  80°/80° 

0-9404. 

d  35°/35° 

0-9639. 

d  85°/85° 

0-9385. 

<^40°/40° 

0-9606. 

d  90°/90° 

0-9366 

•                   d  45°/45° 

0-9574. 

c/95°/95° 

0-9348 

d  50°/50° 

0-9545. 

d  100°/100° 

0-9334 

These  are  neaily  identical  with  those  obtained  from  specimen  I, 
examined  in  1891. 
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t. 

Sp.  rotation. 

Mol.  rotation. 

19  -5° 
19-5 
19-5 
19-5 

1  -2623 
1  -2fi43 
1-2*^43 
1  -2638 

7-191 

7-202 
7-202 
7-200 

Arerage  19 '  5 

1-2637 

7-199 

As  it  had  been  found  that  nietliylacetjlacetone  when  heated  does 
not  at  once  regain  its  ordinary  condition,  it  was  thought  that  it  would 
be  interesting  to  see  whether  long  cooling  would  influence  this  sub- 
stance ;  it  was  therefore  kept  in  ice  for  seven  days.  As  it  was  not 
possible  to  measure  its  rotation  at  0°  in  warm  weather  on  account  of 
dew  forming  on  the  glass  ends  of  the  measuring  tubes,  the  substance 
was  rapidly  brought  to  the  atmospheric  temperature  and  quickly 
measured.     It  then  gave  the  following  results  : — 


Table  II. 


t. 

Sp  rotation. 

Mol.  rotation. 

17° 
17 
17 

1  -2746 
1  -2725 
1-2731 

7-246 
7-234 
7-238 

Average     17 

1  -2734 

7-239 

Determinations  were    then    made    at   higher    temperatures,    and 
gave— 

Table  III. 


t. 

Sp.  rotation. 

Mol.  rotation. 

93" 
93 
93 
93 
93 

1-1182 
1-1213 
1-1186 
11182 
1-1209 

6-640 
6-658 
6-642 
6-639 
6-656 

Average    93 

1-1194 

6-647 
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The  following  were  obtained  with  some  of  this  substance  which 
had  been  boiled  and  cooled  to  100°  directly  before  measurement : — 


Table  IY. 


t. 

Sp.  rotation. 

Mol.  rotation. 

100  -2" 
100-2 
100-2 
100-2 

1  -1040 
1  1022 
1-1037 
1-1045 

6-571 

6-560 
6-569 
6-573 

Average  100  2 

11036 

6-568 

It  will  be  seen  that  the  cooled  specimen,  Table  II,  gave  only 
slightly  higher  results  than  the  specimen  which  was  examined  under 
ordinary  conditions.  The  boiled  specimen  cooled  to  100°,  Table  IV, 
also  gave  only  slightly  lower  results  than  the  unboiled,  if  difference 
of  temperature  be  considered.  This  might  be  expected  from  the 
densities  of  the  product  cooled  and  heated  in  these  different  ways, 
which  gave  normal  results. 

The  examination  of  both  specimens  of  acetylacetone  gave  practi- 
cally the  same  rotations,  as  the  following  comparisons  will  show  : — 


t. 

Spec.  I. 

t. 

Spec.  II. 

15-5° 

7131  (1891) 

19-5° 

7-199 

].5-2 

7-130  (1892) 

17-0 

7-239  (cooled  in  ice) 

85-7 

6-583 

930 

Q'Q4^7 

— 

— 

100-2 

6-668  (boiled  and  cooled 
to  100") 

The  average  of  the  low  temperature  results  is  t  16*7°,  mol.  rot. 
7'175;  and  for  the  high  temperature  t  93°,  mol.  rot.  6*599,  making 
ra  difference  between  them  of  0*576  for  76*3°,  or  0*755  for  100°. 

The  refractive  and  dispersive  power  of  this  substance  was  deter- 
mined at  temperatures  wide  apart  with  specimen  I  with  the  following 
results  (see  p.  847). 

Dr.  Gladstone  was  good  enough  to  examine  specimen  II,  obtained 
from  Professor  Claisen  :  the  followinor  are  his  results  : — 


Line. 

t. 

/*• 

d   ^ 

A 

. . .      18-4° 

1-4447 

45-62 

F  . . . . 

.  ..      18-4 

1-4678 

47-49 

H 

. .  .     18-4 

1-4943 

50-70 

Dispersion 

H- 

-A  =  5-08. 
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Specimen  II  gives  sUglitly  higher  results  than  specimen  I,  but  the 
difference  is  but  small. 

The  large  difference  obtained  at  temperatures  88*3°  apart  is  con- 
sistent with  the  rotations,  and  it  will  be  observed  that  a  considerable 
decrease  in  the  dispersion  also  takes  place  at  the  higher  tempera- 
ture. 


Methylacetylacetone,  Specimen  II. 

Professor  Claisen  gives  the  following  particulars  of  the  pre- 
paration of  this  specimen  : — Acetylacetone  was  first  converted  into 
the  potassium  salt  by  dissolving  it  in  ether  and  precipitating  it 
with  a  solution  of  potash  in  methyl  alcohol.  This  salt  was  dried, 
dissolved  in  methyl  alcohol,  and  boiled  some  hours  with  methyl 
iodide  until  the  mixture  was  neutral  to  test  paper.  Ether  was  then 
added,  and  the  liquid  filtered  from  potassium  iodide,  and,  after  eva- 
porating the  ether,  the  product  was  distilled  under  reduced  pressure 
(about  20  mm.).  It  was  further  purified  by  dissolving  it  in  ether, 
and  precipitating  with  potash  in  methyl  alcohol,  and  the  potassium 
derivative,  CH3-CO-CK(CH3)-CO-CH3,  thus  obtained,  was  well  washed 
witb  ether,  and  dried.  It  was  then  dissolved  in  water,  decomposed 
with  dilute  sulphuric  acid,  and  the  product  distilled  three  times  under 
reduced  pressure ;  all  came  over  between  74°  and  75°  under  a  pressure 
of  20  mm.  This  was  the  highest  temperature  this  specimen  of 
methylacetyl acetone  was  subjected  to  in  its  preparation. 

The  density  determinations  gave — 

(^474"    0-9941.  cZ  10710°    0-9887. 

<Z  15715''     0-9845.  rf  20720°    0-9808. 

t^  25725°    0-9773.  cZ  1007100°    0-9408. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

19-2° 
19-2 
19  2 
19-2 
19-2 

1-1286 
1-1330 
1-1330 
1  -1345 
1  -1308 

7-284. 
7-312 
7-312 
7-322 

7-298 

Average  19-2 

1  -1320 

7-306 

After  being  kept  in  ice  for  seven  days, 
The  density  determinations  gave — 

(£474°     0-9964.  £?  15715^ 


0-9866. 


SUPPOSED   TO   CONTAIN  ACETYL. 
The  magnetic  rotations  gave — 


849: 


t. 

Sp.  rotation. 

Mol.  rotation. 

17-5° 
17-5 
17-5 
17-5 

1-1360 
1-1319 
1-1368 
1  -1363 

7  -306 
7-279 
7-310 
7-308 

Average  17  -5 

1-1352 

7-301 

Determination  at  a  Higher  Temperature. 
The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

100-7° 
100-7 
100-7 
100-7 

0-9934 
0-9872 
0-9919 
0  -9872 

6-689 
6-647 
6-678 
6  647 

Average  100-7 

0  -9899 

6-665 

It  was  thought  that  probably  the  specimen  cooled  in  ice  would  have 
given  rather  higher  numbers  than  that  which  had  been  kept  at  the 
atmospheric  temperature,  but  although  the  density  is  a  trifle  higher, 
the  molecular  rotation  has  come  out  practically  the  same. 

The  foUowint^  is  a  comparison  of  the  molecular  rotations  obtained 
from  the  two  different  specimens  of  methylacetylacetone. 


t. 

Spec.  I. 

t. 

Spec.  II 

15-5° 

7-263 

19-2° 

7-306 

— 

— 

17-5 

7-301 

92-0 

6-675 

100-7 

6-6d5 

These  results  agree  very  closely,  showing  that  both  preparations 
behaved  in  the  same  manner. 


The  average  rotations  are — 

t. 
17-4° 
96-4 


Mol.  rotation. 
7-290 
6-670 


Difference  . .      79-0 


0-620 


I 


The  difference  for  100°  would  be  0785,  or  a  trifle  more  than  that 
found  for  acety  lace  tone. 
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The  determination  of  the  refractive  and  dispersive  powers  of  this 
substance,  made  with  specimen  I  at  temperatures  wide  apart,  gave 
results  in  table,  p.  850.  The  substance  being  rather  yellow,  the  line  Gr 
could  not  be  measured. 

A  corresponding  set  of  determinations  was  made  with  specimen  II. 
This,  however,  had  become  yellow  by  keeping ;  it  was  therefore  dis- 
tilled, and  the  fraction  boiling  at  170 — 172°  (corr.)  taken.  This  was 
kept  in  ice  five  days  after  distillation  before  it  was  examined  (see 
p.  852). 

These  numbers  are  remarkably  near  to  those  obtained  with  speci- 
men I,  those  for  the  higher  temperature  being  practically  identical,  and 
those  for  the  lower  only  differing  on  an  average  by  -f  0'155,  probably 
due  to  the  product  having  been  kept  at  a  low  temperature  before 
examination,  and  the  presence  consequently  of  a  slightly  larger  pro- 
portion to  the  hjdroxylic  compound. 

As  in  the  case  of  acetylacetone,  large  differences  are  seen  to  exist  at 
temperatures  wide  apart,  and  also  a  considerable  decrease  in  the 
dispersion  is  observable  at  the  higher  temperatures.  These  res  ilts 
are  consistent  with  the  magnetic  rotation. 


Bthylacetylacetone. 

This  substance  boiled  at  180—184°  (Claisen). 
The  density  determinations  gave — 


dATjAr 

0-9711. 

d  55°/55° 

0-9382 

d  10710° 

0-9660. 

d  60°  160° 

0-9359 

c^l5°/15'' 

096-20. 

d  65765° 

0-9338 

d  20°/20° 

0-9584. 

d  70°/70° 

0-9317 

d  2b''l2r>'' 

0-9541. 

d  75° 176° 

0-9295 

d  30°/30° 

0-9519. 

d  80°  180° 

0-9275 

d  35735° 

0-9488. 

d  85°/85° 

0-9255 

d  40740° 

0-9460. 

d  90°/90° 

0-9238. 

d  45°/45° 

0-9483. 

d  95°/95° 

0-9223 

d  50750° 

0-9407. 

d  100°/100° 

0-9208. 

The  magnetic  rotations  gave — • 


t. 

Sp.  rotation. 

Mol.  rotation. 

18-8° 
18-8 
18  8 
18-8 
18-8 

1 -0589 
1 -0645 
1  -0616 
1  -0726 
1-0645 

7-850 
7-891 
7-869 
7-952 
7-891 

Average  18-8 

1  -06 14 

7-890 

3  0  2 
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t. 

Sp.  rotation. 

Mol.  rotation. 

92  9° 

92-9 
92-9 
92-9 
92-9 

0-9840 
0  -9806 
0-9794 
0  -9791 
0  -9840 

7-582 
7-556 
7-547 

7-544 
7-582 

Average  92  9 

0-9814 

7-562 

The  difference  between  the  rotations  of  this  substance  at  the 
temperatures  employed  is  0-328  for  74-1°  or  0-443  for  100°,  which  is 
only  a  little  more  than  half  that  obtained  in  the  case  of  acetylacetone 
and  methylacetylacetone,  the  larger  radicle  evidently  having  a  retard- 
ing inftuence  in  this  respect. 


Methyl  Acetoneoxalate. 

This  substance  melts  at  63 — 64''  (Claisen),  and  had,  therefore,  to  be 
examined  in  a  fused  condition. 

The  density  determinations  gave — 


d  60760° 

1-1589. 

d  80780° 

1-1489, 

d  65765° 

1-1562. 

d  85785° 

11467. 

d  70770° 

1-1536. 

cZ  90790° 

1-1450. 

dlb^llb'' 

11512. 

d  9b''l9b'' 

1-1439. 

d  IOO7IOO" 

1-1432. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

66° 

66 

66 

66 

66 

66 

1-2829 
1  -2826 
1  -2882 
1  -2897 
1-2791 
1  -2728 

8-880 
8-878 
8-917 
8-927 
8-846 
8-810 

Average  66 

1  -2825 

8-876 

JEthyl  Acetoneoxalate. 

The  boiling  point  of  this  specimen  was  113 — 116°  under   19  mm. 
(Claisen). 

The  density  determinations  gave — 


854         PERKIN:   THE   MAGNETIC   ROTATION  OP  COMPOUNDS 


d  15715° 

11318. 

d  60°/60° 

1-1026 

d  20720** 

11277. 

(Z  65765° 

1-1000 

d  2'o°l'lh° 

1-1239. 

d  70°  170° 

1-0976 

d  30730° 

1-1203. 

d  75°/75° 

1-0952. 

d  35735° 

1-1169. 

d  80°/80° 

1-0928 

(£40740° 

1-1137. 

fZ  85°/85° 

1-0906 

d  45745° 

1-1107. 

cZ  90790° 

1-0888. 

d  50750° 

1-1079. 

d  95795° 

1-0872. 

d  55755° 

1-1052. 

(Z  100°/100° 

1-0860 

The  magnetic  rotations  gave- 


t. 

Sp.  rotation. 

Mol.  rotation. 

19-8° 

1  -2995 

10111 

19-7 

1  -2995 

10-111 

19-7 

1  -2980 

10  -100 

19-7 

1  -3035 

10  143 

19-7 

1 -3013 

10  125 

20-2 

1  -2991 

10  112 

20-2 

1  -3067 

10  172 

20-2 

1-3027 

10  140 

Ayerage  20*0 

1-3013 

10-127 

89 
89 
89- 
89- 
89 


Average  89  "5 


Sp.  rotation. 


1-2197 
1-2182 
1-2167 
1  -2197 
1-2182 


1  -2185 


Mol.  rotation. 


9-829 
9-818 
9-805 
9-829 
9-818 


9-820 


The  refraction  determinations  gave  the  results  in  table,  p.  855. 
Dr.  Gladstone  also  determined  the  refractive  power  of  this  sub- 
stance, and  obtained — 

/£-  1 
Line.  t.  ft.  d       ' 

A 22-r  1-4643  65-28 

F 22-1°  1-4892  68-78 

H 22  1°  1-5185  72-89 

Dispersion  H— A  =  761  at  221°. 

Ethyl  Diacetoacetafe. 

Prepared  bj  the  action  of  acetyl  chloride  on  ethyl  sodacetoacetate. 
Its  boiling  point  was  103 — 105°  at  19  mm.  (Claisen). 
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The  density  determinations  gave- 


^474° 

1-1073. 

c?55°/55° 

1-0696. 

d  10710° 

1-1012. 

d  60760° 

1-0670 

d  15715° 

1-0967. 

d  65765° 

1-0646 

d  20720° 

1-0950. 

d  70°/70° 

10622 

d  25725° 

1-0889. 

(2  75775° 

1-0598. 

d  30/°30° 

1-0854. 

(i  80°/80° 

1-0575 

d  35°/3o° 

1-0819. 

d  85°/85° 

1-0553 

d  40°/40° 

1-0786. 

(2  90790° 

1-0534 

d  45745° 

10754. 

d  95795° 

1-0516 

cZ  50°/50° 

1-0724. 

(Z 1007100° 

1-0499. 

The  magnetic  rotations  gave- 


t. 

Sp.  rotation. 

Mol.  rotation. 

19-8° 

19-8 

19-8 

19-8 

19-8 

1  -2202 
1-2217 
1-2179 
1-2214 
1  -2243 

10-670 
10-683 
10  -651 
10-681 
10-707 

Average  19  -8 

1  -2211 

10  -678 

After  being  in  ice  for  seven  days, 


t. 

Sp.  rotation. 

Mol.  rotation. 

17° 
17 
17 

1-2275 
1  -2290 
1  -2:i75 

10-717 
10  -730 
10-717 

Average     17 

1  -2280 

10-721 

Average  of  above,  10-699  at  18-4°. 
The  magnetic  rotations  gave — 

t. 

Sp.  rotation. 

Mol.  rotation. 

92-6° 

92-6 
92-6 
92-6 

1  -1499 
1-1510 
1-1507 
1  -1518 

10-441 
10  -451 
10-448 
10  -458 

Average  92*6 

1-15C8 

10  -449 

SUPPOSED  TO  CONTAIN  ACETYL. 
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T)r.  Gladstone  has  likewise  examined  this  substance,  and  obtained 
the  following  result : — 

■_ «, 

Line.  t.  fi.  d 

A 22-8'*  1-4.549  71-91 

F 22-8°  1-4761  75-27 

H £2-8°  1-4975  78-65 

Dispersion  H— A  =  6-74  at  22-8^ 

Dlacefylacetone. 

Dr.  Collie  very  kindly  prepared  the  specimen  of  this  substance  for 
me  from  dehydrajetic  acid  ;  when  fused,  it  becomes  coloured  slightly 
red,  and  this  rendered  the  readings  for  the  magnetic  rotations  a  little 
difficult. 

The  density  determinations  gave — 


^40740° 

1-0681. 

d  70770° 

1-0564. 

d  45745° 

1-0660. 

d  75775° 

1-0547. 

d  5U°/60° 

1-0639. 

d  80°/80° 

1-0531. 

d  55°/55° 

1-0620. 

d  85°/85° 

1-0515. 

d  60°/60° 

1-0601. 

d  90°/90° 

1-0504. 

d  65765° 

1-0583. 

d  95°/95° 

1-0497. 

dlOO 

7100° 

1-0494. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

56-0° 

1  -3870 

10  -307 

56-0 

1  -3837 

10  -282 

56  0 

1-3780 

10  -240 

56-0 

1  -3779 

10  -240 

56-0 

1  -3930 

10-352 

57-5 

1  -3913 

10-345 

57-5 

1  -3937 

10 -363 

57-5 

1-3811 

10-269 

57-5 

1  •37H2 

10-233 

64-2 

1  -3530 

10  -084 

64-2 

1 -3533 

10-086 

64-2 

1  -3172 

10  -041 

6i-2 

1-3499 

10-061 

Arerage  59  -0 

1  -3742 

10  -223 

SUPPOSED  TO  CONTAIN  ACETYL. 
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t. 

Sp.  rotation. 

Mol,  rotation. 

92  -75= 
96-0 
97-5 
99-0 

1 -2730 
1-2826 
1-2716 
1-2764 

9-565 
9  -637 
9-555 
9-591 

Average  96-3 

1  -2759 

7-587 

The  difference  in  the  rotation  of  this  and  the  previous  amounts  to 
0-635  for  37-3°,  or  1-704  for  100°. 

The  refraction  determinations  gave  results  in  table,  p.  860. 


'Et}i]jl  ^-Amidocrotonate. 

This  was  examined  at  two  temperatures ;  for  the  first  it  was  used 
in  a  state  of  surfusion. 

The  density  determinations  gave — 

d  15715°     l-02;3. 


d  20°/20° 
d  25°/25° 
d  30°/30° 
d  35°/35° 
d  40°/40° 
(^  45745° 
d  50°/50° 
d  bb°l5b° 


1-0239. 
1-0207. 
1-0178. 
10150. 
1-0124. 
1-0099. 
1-0076. 
1-0054. 


d  60°/60° 
d  65°/65° 
d  70°/70° 
d  75775° 
d  80°/80° 
d  85°/85° 
d  90°/90° 
d  95°/95° 
d  1007100° 


1-0034. 
1-0015. 
0-9997. 
0-9981. 
0-9965. 
0-9950. 
0-9937. 
0-9925. 
0-9913. 


The  magnetic  rotations  gave — 

t. 

!Sp,  rotation. 

Mol.  rotation. 

15-0° 

1  -5467 

10  -790 

15-0 

1  -5482 

10  -800 

15-2 

1  -5455 

10  782 

15-2 

1-5381 

10-732 

15-2 

1-5452 

10  -780 

15-2 

1-5425 

10-761 

15-2 

1  -5474 

10  -795 

16-2 

1  -5437 

10  -778 

17-4 

1  -5430 

10-781 

19-0 

1  -5370 

10  -750 

Average  15-8 

1  -5437 

10-775 
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t. 

Sp.  rotation. 

Mol.  rotation. 

86  •5*' 

86-5 

86-5 

86-5 

86-5 

1-4508 
1  -4631 
1 -4573 
1  -4536 
1  -4542 

10 -454 
10-543 
10-500 
10-498 
10 -478 

Average  86  o 

1-4558 

10  -494 

The  determination  of  its  refractive  and  dispersive  powers  gave- 
tZ1674"     1-02578.  6^15-874°     1-02551. 


Line. 

t. 

/*• 

^-1 

d     ' 

^- 

A 

16° 
16 
16 
16 
16 

1  -49032 
1  -49633 
1-50209 
1  -51806 
1  -53334 

0  -47805 
0  -48390 
0  -48952 
0-50509 
0-51998 

61  668 

c 

62-423 

D 

63-148 

F 

65  -157 

G 

67  -078 

Dispersion  G— A  =  5'410  at  16°. 

A  second  set  of  determinations  were  made  with  this  product  after 
it  had  been  allowed  to  crystallise,  and  w^as  thoroughly  pressed 
between  bibulous  paper,  to  remove  any  traces  of  oily  products  which 
had  been  produced  by  the  action  of  heat. 


Line. 

t. 

M- 

d     ' 

^- 

A 

15-8° 

15-8 

15-8 

15-8 

15-8 

1-49131 
1  -49672 
1  -50273 
1  -51863 
1  -53403 

0-47908 
0  -48436 
0-49022 
0  -50573 
0  -52075 

61  -802 

0 

62  -482 

D 

63  -239 

F 

65 • 239 

a 

67  -176 

Dispersion  G— A  =  5-374  at  15-8°. 


Ethyl  Benzoylacetate. 

The  specimen  examined  was  obtained  from  Kahlbaum. 
The  density  determinations  gave — 
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0^474° 

11311. 

d  55°/55° 

1-1008 

d  10710° 

11259. 

d  60°/60° 

1-0990 

d  15715° 

11219. 

d  65765° 

1-0973 

d  20720° 

11186. 

d  lO'^IKf 

1-0957 

d  25725° 

1-1154. 

d  1b°l7h° 

1-0943 

d  30730° 

11126. 

d  80780° 

1-0930 

d  35735° 

1-1099. 

d  Hh^'ISb" 

1-0919. 

d  40°/40° 

1-1073. 

d  90°/90° 

1-0910. 

c7  45°/45° 

1-1050. 

d  95°/95° 

1-0903. 

cZ  50750° 

1-1029. 

(^  1007100° 

1-0896. 

The  magnetic  rotations  gave — 


t- 

Sp.  rotation. 

Mol.  rotation. 

17-5° 

17-5 

17-5 

17-5 

20-5 

20  5 

20-5 

1  -7224 
l-7'82 
1  -7220 
1  -7242 
1-7136 
1-7188 
1 -7217 

16  -402 
16  -362 
16-398 
16  -419 
16  -347 
16  -397 
16  -425 

Average  18  '8 

1  -7201 

16  -393 

t. 

Sp.  rotation. 

Mol.  rotation. 

99-0"' 
99-7 
100-7 
100-7 
100-7 
100-7 

1  -6285 
1  -6251 
1-6273 
1-6229 
1  -6207 
1 -6253 

15-941 
15  -909 
15  -930 
15  -887 
15  -867 
15-913 

Average  100  -6 

1  -6249 

15  -908 

As  the  influence  of  heat  on  the  rotation  of  stable  aromatic  com- 
pounds is  mucli  greater  than  on  those  of  the  fatty  series,  it  is  neces- 
sary to  allow  for  this  before  considering  what  the  influence  of  tem- 
perature is  on  the  chemical  constitution  of  the  substance.  In  this 
instance  it  will  probably  be  most  accurate  to  take  the  average  of  the 
difference  found  for  a  ketone  and  carboxylic  acid,  thus  : — 

Influence  of  heat  on  the  rotation  of  acetophenone  per  100°  =  0298 
Influence  of  heat  on  the  rotation  of  ethereal  salt 

of  an  aromatic  carboxylic  acid ,,        =  0*399 


Average 


0-348 
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Therefore,  on   the  above  rotation,  81*8°  above  the  preceding*  one, 
this  will  be  0*284.     The  rotation  will  then  be 

15-908  +  0-284  =  16-192. 


Benzoylacetone. 

Dr.  Claisen  purified  this  substance  by  precipitating  it 
alkaline  solution  with  carbonic  acid.  It  melted  at  58°, 
examined  in  the  fused  state. 

The  density  determinations  gave — 


from  its 
and   was 


d  60760° 
(i  65765° 
d  70°/70° 
d  1h°l7h° 
d  80°/80° 


1-0899. 
1-0862. 
1-0808. 
1-0834. 
10823. 


d  85°/85° 

d  90°/90° 

d  95°/95° 

d  1007100° 


1-0812. 

1-0805. 
1-0801. 
1-0800. 


As  this  substance  was  slightly  brownish  when  fused,  and  became 
more  so  when  kept  in  this  condition,  it  was  found  impossible  to 
measure  it  in  a  tube  of  the  length  usually  employed  (102  mm.)  ;  one 
of  about  half  that  length  was  therefore  used,  bnt  even  in  this  the 
colour  obstructed  the  passage  of  the  light  to  a  very  large  extent, 
and  made  the  readings  difficult. 

The  magnetic  rotations  gave — 


t. 

Sp.  rotation. 

Mol.  rotation. 

61-0° 

63  0 
64-0 
64-0 

64  0 

2  -2673 
2  -2688 
2  -2749 
2-2662 
2  -2651 

18-762 
18  -787 
18-824 
18-773 
18  -763 

Average  63*2 

2-2681 

18  -782 

Methyl  Acefophenoneoxalate. 

This  substance  was  examined  in  the  fused  state  ;  it  melts  at  61°. 
The  density  determinations  gave — 

^65766°     1-1574.  d75°/7^°    1-1528. 

dlO°,70°    1-1551.  rZ80780"     1-1504. 

d  85785°     1-1481. 

The  remarks  made  in  reference  to  bcnxoyl acetone  also  apply  to 
this  substance,  but,  besides,  the  colour  obstructing  the  light,  there 
was  a  slight  opalescence  which  could  not  be  got  rid  of  by  filtering 
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the  fused  substance,  and  it  was  only  with  great  difficulty  readings 
could  be  obtained  in  a  tube  half  the  ordinary  length.  The  results 
were,  therefore,  rather  rough,  but  the  averages  given,  being  obtained 
from  04  readings,  are  probably  not  far  from  the  truth  ;  they  are : — 


t. 
66-5° 


Sp.  rotation. 
2-1739 


Mol.  rotation. 

21-511 


Ethyl  Acetopheno7ieoxalate. 
The  melting  point  of  this  substance  was  42°  (Claisen). 
The  density  determinations  gave — 


d  20720° 

1-1867. 

d  60°/60° 

1-1674 

d  25725° 

1-1S39. 

d  65765° 

1-1657 

d  30730° 

1-1811. 

d  70°/70° 

1-1641 

d  35735° 

1-1784. 

d  75775° 

11625. 

d  40740° 

1-1758. 

J  80780° 

1-1611. 

d  45745" 

1-1734. 

d  85°/85° 

11600. 

d  50750° 

1-1702. 

d  90790° 

1-1592. 

d  55755° 

1-1682. 

d  95795° 

1-1589. 

d  1007100°     1-1588. 


The  magnetic  rotation 

gave— 

t. 

Sp.  rotation. 

Mol.  rotation. 

47-3° 

49-5 

48-3 

47-1 

45-5 

2  -1254 
2  1207 
2  -1300 
2-1255 
2-1266 

22-152 
22  -124 
22-212 
22-158 
22-154 

Average  47  '5 

2-1256 

22-160 

This  substance,  when  melted,  was  of  a  yellowish  colour,  and  was 
measured  in  an  ordinary  tube  of  102  mm.  in  length  ;  it  was,  how- 
ever, very  slightly  cloudy,  and  could  not  be  rendered  quite  clear  by 
filtration,  this  cloudiness  was  evidently  due  to  the  presence  of  a 
trace  of  some  crystalline  substance,  as  it  interfered  with  the 
polarised  light,  and  thus  impaired  the  sensitiveness  of  the  observa- 
tions ;  to  overcome  as  much  as  possible  the  errors  which  might  arise 
from  this  source,  a  very  large  number  of  observations  were  made, 
and  each  of  the  five  series  given  above  are  averages  of  about  20 
(making  in  all  100),  whereas,  in  most  cases,  they  are  averages  of 
8  or  10  only. 
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LXXIV.— CONTRIBUTIONS  FROM  THE  LABORATORIES 
OF  THE  HERIOT  WATT  COLLEGE,  EDINBURGH. 

Action  of  Nitric  Acid  upon  Anthracene.     Part  II. 

By  A.  G.  Perkin  and  J.  E.  Mackenzie,  B.Sc. 

In  a  previous  communication  to  the  Society  (Trans.,  1891,  59,  634), 
an  account  was  given  by  one  of  us  of  the  action  of  niti-ic  acid  upon 
anthracene  in  the  presence  of  ethyl  and  methyl  alcohols.  The  sub- 
stances thus  obtained  were  found  to  be  addition  products  of  methyl 
and  ethyl  nitrates  to  anthracene,  the  formula  of  the  former  substance 
being-  CuHu^CHa'NOs,  and  its  constitution  being  probably  represented 
thus: — 

p    TT    ^CH(0CH3)v^p    TT 

^^'^^^CCNO-OHj-^^^^*- 

In  studying  this  subject  further,  it  occurred  to  us  that  it  would  be 
a  matter  of  interest  to  determine  whether  this  reaction  is  a  general 
one,  and  as  the  result  of  our  experiments  with  various  alcohols,  we 
have  found  that  in  the  case  of  propyl,  isobutyl,  and  benzyl  alcohols 
compounds  with  anthracene  similar  to  those  already  described  are 
obtained,  whereas  in  the  case  of  trimethylcarbinol,  no  such  compound 
could  be  isolated,  the  reaction  proceeding  in  a  different  manner  with 
formation  of  nitrosoanthrone.  As  a  general  rule,  with  the  alcohols 
already  experimented  with,  the  only  products  of  the  reaction  are 
substances  of  the  general  formula  CuHio.RNOa.  In  experiments  with 
isobutyl  alcohol,  however,  it  was  found  that  by  slightly  altering  the 
conditions,  a  substance  is  formed  which,  on  analysis,  was  found  to 
have  the  formula  CuHsNOg.  The  investigation  of  the  properties  of 
this  new  compound  leaves  scarcely  any  doubt  that  its  constitution  is 

QQ    

represented  by  the  formula  ^6U4<^qjjv^q  x^CeHi,  and  we  therefore 

propose  to  name  it  vitroaiithi'one. 

This  substance,  on  treatment  with  alcoholic  potash,  is  converted 

into  the  isomeric  nitroanthrole,  C6H4<^  I  ^CeHi. 

The  constitution  of  the  two  last-named  substances  was  deduced 
from  the  fact  that  alcoholic  ammonia  or  acids  do  not  convert  them 
into  nitrosoanthrone,  and  further,  that  no  nitronitrosoanthrone  is 
formed  from  them  by  treatment  with  fuming  nitric  acid  and  nitro- 
benzene, showing  that  they  contain  no  nitroso-group,  and  therefore 
probably  have  the  above  conatitution. 
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Also  included  in  this  research  is  the  action  of  nitric  acid  on 
mixtures  of  anthracene  with  pure  acetone  and  ether.  In  the  first 
place,  a  very  good  yield  of  anthracene  methyl  nitrate  was  obtained, 
showing  that  acetone,  under  the  conditions  used,  must  have  yielded 
methyl  nitrate.  With  methylated  ether  free  from  alcohol,  a  mixture 
of  anthracene  ethyl  and  methyl  nitrates  was  obtained,  the  formation 
of  the  latter  being  accounted  for  by  the  presence  of  small  quantities 
of  methyl  ether  or  methyl  ethyl  ether  in  the  sample  used.  The 
formation  of  anthracene  methyl  nitrate  is  so  readily  detected, 
that  this  reaction  might  possibly  be  employed  in  proving  the  presence 
of  a  methyl  group  in  methyl  ketones  and  methyl  ethers. 

Anthracene  Propyl  Nitrate,  CuHioNOg'OCsH;. 

Tn  order  to  prepare  this  substance,  3  c.c.  of  nitric  acid  (sp.  gr.  1'5), 
purified  by  boiling  with  nitrate  of  urea,  is  carefully  mixed  with  7  c.c. 
of  noimal  propyl  alcohol,  and  to  this  mixture  finely  powdered  pure 
anthracene  is  added,  until  the  whole  becomes  of  a  creamy  consistency. 
The  mixture  is  very  gently  warmed,  when  the  anthracene  slowly  dis- 
solves, forming  a  thick,  pale  yellow  solution.  This,  after  filtration 
through  glass  wool,  is  mixed  with  its  own  bulk  of  methyl  alcohol, 
and  allowed  to  stand  for  some  hours  ;  the  hard,  crystalline  mass 
which  separates  is  collected,  pressed,  washed  with  a  little  methyl 
alcohol,  recrystallised  two  or  three  times  from  this  solvent,  and 
dried  at  60°. 

0"1300  gram  of  substance  gave  0*3421  gram  COg  and  0072  gram 

H2O. 
01758  gram  of  substance  gave  78  c.c.  N  ;  f  =  20° ;  bar.  =  748  mm. 

Theory  for 

CiyHiyNOg.  Found. 

C 7208  per  cent.  72  32  per  cent. 

H 6-00       „  6-20       „ 

K 4-99       „  4-94       „ 

As  thus  obtained,  anthracene  propyl  nitrate  consists  of  beautiful, 
four-sided  prisms,  very  soluble  in  hot  methyl  alcohol,  acetic  acid,  and 
btnzene.  It  melts  at  92°,  and  decomposes  at  higher  temperatures 
with  evolution  of  nitrous  fumes  and  formation  of  anthraquinone. 
Chromic  acid  in  acetic  acid  solution  ox'dises  it  to  anthraquinone. 
Cold  concentrated  sulphuric  acid  dissolves  it,  forming  a  deep  red 
solution,  which  quickly  turns  black  on  treatment  w;th  water,  and 
deposits  a  thick,  black  precipitate  from  which  nothing  crystalline 
could  be  isolatt  d.  It  is  readily  decomposed  by  boiling  with  alcoholic 
ammonia  with  loimation  of  an  orange-coloured  solution,  and  this,  on 
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cooling,  deposits  long,  orange- colon  red  needles,  melting  at  144°,  and 
liaving  all  the  properties  of  nitrosoanthrone.  Alcoholic  potash 
produces  a  similar  result,  and  in  this  respect  anthracene  propyl 
nitrate  differs  from  the  (corresponding  methyl  and  ethyl  derivatives, 
which,  by  this  treatment,  yield  nitrosoanthrone  and  pseudonitroso- 
anthrone  (Trans.,  1891,  59,  645).  It  is  readily  attacked  by  a 
mixture  of  nitric  acid  (sp.  gr.  1*5)  and  nitrobenzene,  with  formation 
at  first  of  a  clear  solution,  which,  on  adding  more  of  the  substance, 
deposits  crystals  of  nitronitrosoan throne. 

Anthracene  Isohutyl  Nitrate,  CuHioJ^Oa'OCiHg. 

The  method  employed  in  preparing  this  substance  is  similar  to 
that  described  in  the  case  of  the  propyl  compound.  There  is, 
however,  as  mentioped  in  the  Introduction,  a  tendency  to  the  forma- 
tion of  nitroanthrone  in  this  reaction,  so  that  the  following  precau- 
tions are  necessary  in  order  to  obtain  a  good  yield  of  anthracene 
isobntyl  nitrate.  The  anthracene  must  be  added  as  rapidly  as 
possible  to  the  mixture  of  acid  and  alcohol,  the  whole  warmed  until 
solution  is  effected,  filtered  through  glass  wool,  and,  after  thorough 
cooling,  the  solution  is  treated  with  about  twice  its  bulk  of  low  boiling 
petroleum.  After  standing  for  a  few  hours,  a  crystalline  cake  is  ob- 
tained, which  is  collected,  washed  with  light  petroleum,  and  crystal- 
lised from  carbon  bisulphide. 

The  analysis  of  the  substance  dried  at  60°  gave  the  following 
results : — 

0-1323  gram  of  substance  gave  0*3500  gram  CO2,  0-0775  gram  H2O. 
0-1072         „  „  „      0-2860  gram  CO2 ;  H2O  lost. 

0-1590         „  „  „     6-95  C.C.N;  ^  =  19°;  bar.  =  756  ram. 

Found. 

Theory  for  ( ' ^ 

CnHigNOa.  I.  II.  III. 

C 72  72  p.  c.  7215         7276  —  p.  c, 

H 6-39     „  6-50  lost  —     „ 

N 4-71     „  —  —  4-99   „ 

This  beautiful  substance  crystallises  in  large,  thick,  colourless 
prisms,  which  on  more  than  one  occasion  were  obtained  over  2  inches 
in  length. 

We  are  indebted  to  Dr.  H.  Marshall,  of  Edinburgh  University,  for 
the  following  examination  of  these  crystals  : — 

System  : — Monosymmetric. 

a:b:c  =  08554  :  1  :  08563. 
/i  =  74°  39^'. 
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Forms  observed  :— a  =  {100},  h  =  {010},  c  =  {001},  p  =  {110}.' 

p    =  {120},  q  =  {Oil},  r  =  {101},  r  =  {lOl},  o'  =  {122}. 

Figure. — Colourless,  transparent  prisms  usually  forming  stellar 
groups,  so  that  only  one  end  is  properly  developed.  They  ai-e 
generally  long  and  thin,  rarely  short  and  thick.       As  a  rule,   the 


I 


prism  faces  are  much  striated  longitudinally.  The  crystals  are  brittle 
with  uneven  fracture,  and  no  well-marked  cleavage.  Of  the  forms 
observed  c,  r,  and  o  occur  less  frequently  than  the  others,  and  often 
only  one  face  of  o'  is  present. 

When  heated  in  a  capillary  tube,  anthracene  isobutyl  nitrate  be- 
comes yellow  at  100**,  and  melts  at  121°  with  gradual  decomposition. 
On  rapid  heating,  it  decomposes  suddenly  at  165°,  with  evolution  of 
nitrous  fumes,  a  strong  odour  of  isobutyl  nitrite  being  noticeable. 
It  is  readily  soluble  in  hot  alcohol  and  acetone  with  slight  decom- 
position, forming  yellowish-brown  solutions,  and  also  in  hot  benzene 
and  carbon  bisulphide,  but  without  decomposition.  Hot  alcoholic 
potash  dissolves  it  easily,  forming  a  deep  red  solution,  which  when 
poured  into  water,  deposits  a  reddish-yellow  precipitate;  this,  on  re- 
crystallisation,  forms  yellow  needles  melting  at  144^,  and  having  all 
the  properties  of  nitrosoa  nth  rone.  The  filtrate  from  the  precipitate 
contains  a  minute  trace  of  a  phenolic  substance,  which,  however,  was 
too  small  for  investigation.  On  oxidation  with  chromic  acid, 
anthracene  isobutyl  nitrate  yields  anthraquinone,  and  with  a  mixture 
of  nitric  acid  and  nitrobenzene,  nitronitrosoanthrone. 


nQ 

Nitroanthrone^  C14H9NO3  =  CeHi^^jT/ATQ  x>C6H4. 

If  anthracene  is  very  gradually  added  to  a  mixture  of  nitric  acid 
and  isobutyl  alcohol,  anthracene  isobutyl  nitrate  is  not  formed,  tlie 
reaction  proceeding  in  a  different  manner.     In  order  to  investigate 


ACTION   OF   NITRIC   ACID   UPON   ANTHRACENE.  869 

this  decomposition,  the  addition  of  anthracene  was  continued  until  it 
no  longer  dissolved,  and  the  mixture  then  gently  warmed,  filtered 
through  glass  wool,  and  the  filtrate  treated  with  light  petroleum. 
Crystals  gradually  separated,  and  at  the  end  of  24  hours  they  were 
collected,  washed  with  light  petroleum,  and  purified  by  two  or  three 
crystallisations  from  carbon  bisulphide  or  benzene. 

Analyses  of  the  colourless  needles  thus  obtained  gave  the  following 
results  : — 

0'1107  gram  of  substance  gave  0*2856  gram  CO2  and  0*0391  gram 

H2O. 
0"1946  gram  of  substance  gave  9'6  c.c.  N  ;  ^  =  24° ;  bar.  =  751  mm. 

Theory. 
CnHgiNOs.  Found. 

C 70-29  per  cent.  70-36  per  cent. 

H 376       „  3-92 


:N 5-85       „  5-46 


5> 
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Nitroanthrone  crystallises  in  glistening  needles,  which,  when  heated 
at  100°,  become  violet  coloured,  and  melt  at  140°  with  evolution  of 
nitrous  fumes  and  formation  of  anthraquinone.  It  is  readily  soluble  in 
hot  benzene  and  carbon  bisulphide,  but  more  sparingly  in  hot  alcohol, 
with  slight  decomposition  and  formation  of  a  pink  solution  which 
gradually  becomes  reddish-brown.  It  is  readily  attacked  by  cold 
sulphuric  acid  with  total  decomposition.  That  the  formula  given  at 
the  head  of  this  section  correctly  i^presents  the  constitution  of  this 
substance  is  rendered  probable  from  the  fact  that  it  is  not  converted 
into  nitronitrosoan throne  by  the  action  of  a  mixture  of  nitric  acid  and 
nitrobenzene.  A  number  of  experiments  were  instituted  with  a  view 
of  converting  this  substance  into  the  dinitroanthrone  described  by 
Liebermann  and  Landshott'  (Ber.,  14,  472),  with  negative  results,  as 
anthraquinone  alone  was  always  produced. 

Action  of  Alcoholic  Potash  on  Nitroanthrone. 

Nitroanthrole,  C14H9NO3  or   C6H4<  1  ^  >C6H4.— Nitroanthrone 

(^(^JN  CJ2J 

dissolves  readily  in  alcoholic  potash  forming  a  deep  orange-red  solu- 
tion, which,  after  boiling  for  a  few  minutes  and  diluting  with  water, 
deposits  a  small  quantity  of  crystalline  matter,  found  on  examination 
to  consist  of  anthraquinone. 

The  filtrate,  on  treatment  with  hydrochloric  acid,  deposits  a  colour- 
Irss  precipitate,  mixed  with  a  small  quantity  of  a  scarlet  substance. 
The  whole  was  extracted  with  ether,  the  ethereal   solution  washed 
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well,  evaporated  nearly  to  dryness,  and  the  greenish -coloured,  crrs- 
talline  mass  which  separated  purified  by  crystallisation  from  carbon 
bisulphide.  The  resulting  colourless  needles  gave  the  following 
results  on  analysis  : — 

0*1230  gram  of  substance  gave  0'3185  gram  CO2  and  0*0462  gram 

OH2. 
0'1758  gram  of  substance  gave  8  6  c.c.  N ;  ^  =  19° ;  bar.  =  753  mm. 

Theory  for 

C14H9NO?.  Found. 

C 70-29  per  cent.  70'61  per  cent. 

H 3-76        „  417 

N 5'85       „  5'57         „ 

This  substance,  which  we  propose  to  name  nitroanthrole,  melts  at 
148°  with  decomposition  and  formation  of  anthraquinone.  It  is 
readily  soluble  in  hot  benzene  and  carbon  bisulphide,  but  only 
sparingly  in  hot  methyl  alcohol,  with  slight  decomposition  and  forma- 
tion of  a  pink  solution.  Cold  dilute  alkalis  dissolve  it  somewhat 
sparingly,  readily  on  warming,  with  formation  of  orange-yellow^ 
solutions.  It  does  not  yield  an  acetyl  derivative  with  acetic  anhydr- 
ide, but  on  boiling  with  it  is  decomposed  with  formation  of  anthra- 
quinone. Anthraquinone  is  also  formed  when  nitroanthrole  is  oxidised 
with  chromic  acid  or  treated  with  nitric  acid  and  nitrobenzene. 
Nitroanthrole  is  isomeric  with  nitroanthrone,  and,  therefore,  probably 
has  the  constitution  assigned  to  it  at  the  head  of  this  section. 


Action  of  Nitric  Acid  on  Anfhracene  in  the  presence  of  Trimethyl- 

carhinol. 

3  c.c.  of  purified  nitric  acid  (sp.  gr.  1'5)  were  mixed  with  7  c.c.  of 
trimethylcarbinol,  and  to  this  mixture  powdered  anthracene  was 
added.  It  dissolved  readily  at  first,  and  the  solution  was  afterwards 
completed  by  a  gentle  heat.  On  cooling,  the  whole  became  a  nearly 
solid  mass  of  yellow  needles,  which  were  purified  by  recrystallisation 
from  alcohol.  They  melted  at  144°,  and  had  all  the  properties  of 
nitrosoanthrone.     Analysis  : — 

0-1300  gram  gave  7  c.c.  N ;  t  =  20° ;   bar.  =  746  mm. 

Theory  for 

CnHgNOj.  Found. 

N  ....,>. .      6-27  per  cent.  6*04  per  cent. 

Numerous  experiments  were  instituted  under  varied  conditions 
with  the  hope   of   obtaining  a  compound    of    anthracene    with    this 


\ 
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alcohol,  similar  to  those  already  described,  but  in  every  case  nitroso- 
aiitlirone  was  the  sole  product. 

Anthracene  Benzyl  Nitrate,  CuHioNO/OCvH,. 

This  may  be  prepared  in  a  similar  manner  to  the  analogous  com- 
pounds previously  described.  The  semi-solid,  crystalline  mass  obtained 
is  washed  with  a  little  methyl  alcohol,  pressed,  and  further  purified 
by  crystallisation  from  alcohol.    Analysis  gave  the  following  results  : — 

01312  gram  of  substance  gave  0"3669  gram  CO2  and  0*0654  gram 

OH2. 
0  1396  gram  of  substance  gave  5*6  c.c.  N  ;  t  =■  20°  ;  bar.  =  744  mm. 

Theory  for 

Co.Hi/NOa.  Found. 

C... 76*13  per  cent.  76*26  per  cent. 

H 513         „  5-53 

N 4-23         „  4*49 

Anthracene  benzyl  nitrate  crystallises  from  alcohol  in  beautiful, 
glistening  needles.  It  is  only  sparingly  soluble  in  alcohol,  but  very 
soluble  in  hot  carbon  bisulphide  and  benzene.  When  heated,  it 
becomes  yellow  at  125°,  melts  at  138°,  and  decomposes  rapidly  at 
150°,  with  evolution  of  nitrous  fumes  and  formation  of  anthra- 
quinone.  In  its  reactions  it  exactly  resembles  the  corresponding 
derivatives  of  anthracene  already  described. 

Action  of  Nitric  Acid  on  Anthracene  in  the  presence  of  Acetone  and 
Ether  respectively. 

The  acetone  used  for  this  experiment  was  Kahlbaum's  pure 
acetone  prepared  from  the  bisulphite  compound.  Anthracene  was 
added  to  a  mixture  of  acetone  and  nitric  acid,  and  the  proluct 
crystallised  from  alcohol.  The  analysis  of  the  beautiful,  colourless, 
crystalline  mass  thus  obtained  gave  the  following  result : — 

0*1209  gram  of  substance  gave  0*31  J 8  gram  CO2  and  00615  gram 

H2O. 
01381  gram  of  substance  gave  6'6  c.c.  N  ;  i  =  18° ;  bar.  =  747  mm. 

Theory  for 
CuUio-ClJaNOa.  Foun.l. 

C 70*58  per  cent.  7 1  '00  per  cent. 

H 509         „  5*64 

N 5*49        „  5*42 

This  substance  melts  with  decomposition  at  183°,  and  is  identical 
with  the  anthracene  methyl  nitrate  previously  obtained  by  the  actioa 
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of  nitric  acid  on  anthracene  in  the  presence  of  methyl  alcohol  (Trans., 
1891,  59,  648). 

As  the  yield  of  the  subsfance  obtained  in  this  way  was  large,  its 
formation  cannot  be  accounted  for  by  the  accidental  presence  of  any 
traces  of  methyl  alcohol  in  the  acetone  employed.  In  order  that 
anthracene  methyl  nitrate  may  be  formed  in  this  reaction,  it  is  neces- 
sary to  suppose  that  the  acetone  is  decomposed  by  the  nitric  acid 
into  methyl  nitrate  and  acetic  acid,  thus: — 

CHs-CO-CHs  +  HNO.  -h  0  =  CHs-NOa  +  CHa'COOH. 

The  former  then  in  the  moment  of  its  formation  combines  with 
the  anthracene,  forming  anthracene  methyl  nitrate. 

We  propose  to  experiment  on  the  action  of  nitric  acid  on  other 
ketones  in  the  presence  of  anthracene,  with  the  view  to  determine 
whether  the  above  interesting  reaction  is  a  general  one. 

Action  of  Nitric  Acid  on  Anthracene  in  the  presence  of  Ether. 

The  ether  employed  in  this  experiment  was  ordinary  methylated 
ether,  which  had  been  carefully  freed  from  alcohol  by  repeated  treat- 
ment with  sodium. 

On  adding  anthracene  to  a  mixture  of  ether,  nitrobenzene,  and 
nitric  acid,  a  substance  soon  separated  which,  after  collecting  on  a 
plug  of  glass  wool  and  recrystallisation  from  alcohol,  was  obtained  in 
thin  leaflets  melting  at  152°,  and  having  all  the  properties  of 
anthracene  ethyl  nitrate  (Trans.,  1891,  59,  642). 

An  analysis  gave  the  following  result : — 

0-1376  gram  gave  6-9  c.c.  N" ;  t  =  2d°  ;  bar.  =  746  mm. 

Theory  for 
OuHio'CaHsNOs.  Found. 

N 5*20  per  cent.  5*49  per  cent. 

The  acid  mother  liquors  from  this  substance,  on  standing,  deposited 
a  small  quantity  of  crystalline  matter  melting  at  183°,  and  found  to 
be  anthracene  methyl  nitrate. 

0-1472  gram  ga^ve  72  c.c.  N  ;  ^  =  20° ;  bar.  =  743  mm. 

Theory 
CuHio-CHaNO.,.  Found. 

N 5'49  per  cent.  5-46  per  cent. 

The  presence  of  the  latter  substance  is  accounted  for  by  the  fact 
that  the  ether  employed  contained  small  quantities  of  methyl  ether  or 
methyl  ethyl  ether.  As  anthracene  methyl  nitrate  is  far  more  in- 
soluble in  alcohol  and  other  solvents  than  anthracene  ethyl  nitrate, 
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the  experiment  is  interesting,  as  indicating*  that,  under  these  con- 
ditions, anthracene  methyl  nitrate  is  formed  less  readily  than  the 
ethyl  derivative. 

We  hope  to  continue  these  experiments  in  various  directions,  and 
also  propose  to  study  the  action  of  fuming  nitric  acid  on  ketones,  as 
this  subject  has  evidently  not  been  sufficiently  investigated. 
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LXXV. — TJie  Behaviour  of  Ethylene  on  Explosion  with  less  than  its 
oiun  volume  of  Oxygen. 

By  B.  Lean,  B.A.,  B.Sc.  (Dalton  Chemical  Scholar  of  Owens  Col- 
lege), and  W.  A.  Bone,  B.Sc.  (Fellow  of  Victoria  University). 

Introduction. 

This  research,  which  was  made  at  the  suggestion  of  Professor  H.  B. 
Dixon,  arose  out  of  an  observation  made  in  the  course  of  experiments 
to  determine  the  rate  of  explosion  of  hydrocarbons  when  fired  with 
an  amount  of  oxygen  insufficient  to  completely  burn  them.  When 
ethylene  was  mixed  with  approximately  its  own  volume  of  oxygen, 
and  the  mixture  tired  in  a  long  lead  coil,  it  vras  found  that  the  volume 
of  the  mixtures  was  almost  exactly  doubled,  the  pressure  in  the  tube 
having  increased  from  756  mm.  to  1503  mm.  of  mercury.  This 
result  indicated  that,  in  the  main,  the  carbon  of  the  hydrocarbon  had 
been  oxidised  to  carbonic  oxide,  whilst  the  hydrogen  had  been 
liberated  as  such ;  in  fact,  the  result  of  the  interaction  could  be  repre- 
sented by  the  equation 

C0H4  +  02  =  2C0  +  2H2. 

This  result  corresponds  with  that  arrived  at  originally  by  Dalton 
{vide  Historical  Resume). 

An  analysis  of  the  products  showed,  hovv^ever,  that  in  addition  to 
small  quantities  of  carbon  dioxide  and  of  some  unsaturated  hydro- 
carbon, there  was  also  present  a  small  percentage  of  some  hydro- 
carbon which  could  not  be  absorbed  by  fuming  sulphuric  acid.  We 
believed  this  hydrocarbon  to  be  methane,  formed  by  a  partial  break- 
ing down  of  the  ethylene  molecule,  as  represented  by  one  or  both 
of  the  following  equations  : — 

2C2H1  +02  =  2CH4  +  2C0, 
C2H4  =  C  +  CHi. 
Another  mixture  of  2  vols,  of  ethylene  with  3  vols,  of  oxygen  was 
made,  and,  on  firing  this  mixture  in  the  coil,  the  pressure  increased 
from  763  mm.  to  1228  mm.  of  mercury.     On  analysing  the  products, 
VOL.  LXI.  3   Q 
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no  trace  either  of  saturated  or  of  unsaturated  hydrocarbons  could  be 
detected.  It  appeared,  therefore,  interesting  to  study  further  the 
explosion  of  ethylene  with  less  than  its  own  volume  of  oxygen.  The 
present  paper  contains  the  results  of  our  investigations. 

Historical  Resume. 

Dalton  appears  to  have  been  the  first  to  study  the  incomplete  com- 
bustion of  ethylene.  His  work,  the  results  of  which  are  given  in 
Part  II  of  his  New  System,  seems  to  have  been  overlooked  by  many 
subsequent  investigators.  He  found  that,  on  exploding  equal 
volumes  of  ethylene  and  oxygen,  a  great  increase  in  volume  occurs, 
200  vols,  of  the  mixture,  on  explosion,  yielding  860  vols.  Further- 
more, the  products,  when  mixed  with  excess  of  oxygen  and  sparked, 
exploded,  yielding  carbon  dioxide  and  water.  He  therefore  concluded 
that  the  products  of  the  explosion  of  100  vols,  of  ethylene  with 
100  vols,  of  oxygen  consisted  mainly  of  cai'bonic  oxide  and  hydrogen, 
and  he  estimated  that  about  170  vols,  of  each  of  these  gases  were 
thus  formed. 

Despite  Dalton's  work,  the  view  became  prevalent  that,  when  hydro- 
carbons undergo  incomplete  combustion,  the  hydrogen  is  burnt  to 
water  before  the  carbon  is  oxidised. 

In  1861,  Kersten  (/.  pr.  Chem.,  84,  310),  who  seems  to  have  been 
ignorant  of  Dalton's  work,  arrived  at  very  much  the  same  conclu- 
sions. He  exploded  ethylene  with  (1)  electrolytic  gas,  (2)  defect  of 
air,  and  his  results  led  him  to  conclude  that  the  carbon  is  oxidised  to 
carbonic  oxide  before  the  hydrogen  is  burnt. 

In  1874,  E.  V.  Meyer  identified  minute  quantities  of  acraldehyde 
among  the  products  of  the  explosion  of  ethylene  with  less  than  its 
own  volume  of  oxygen.     He  explained  its  formation  by  the  equation 

C2H4  +  CO  =  C3H4O. 

The  amount  produced  was  too  small  to  admit  of  a  quantitative  deter- 
mination. He,  however,  failed  to  produce  acraldehyde  by  sparking  a 
mixture  of  ethylene  and  carbonic  oxide. 

The  question  of  the  incomplete  combustion  of  hydrocarbons  is,  of 
■course,  connected  with  that  of  the  luminosity  of  hydrocarbon  flames. 
This  subject  has  of  late  attracted  a  good  deal  of  attention,  owing 
principally  to  the  researches  of  Teclu  (/.  pr.  Chem.,  44,  246),  and  of 
Smithells  and  Ingle  (Trans.,  1892,  61,  204).  They  find  that  in  an 
■ethylene-air  flame  the  interconal  gases  contain  acetylene. 

V.  B.  Lewes  (Trans.,  1892,  61,  322)  concludes  that  in  the  inner 
zone  of  a  non-luminous  coal-gas  flame  the  hydrocarbons  are  heated 
lip  by  the  combustion  of  the  hydrogen  and  some  of  the  methane,  and 
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are  resolved  into  acetylene,  wliicli,  at  a  higher  temperature,  breaks 
up  into  carbon  and  hydrogen. 

A  correspondence  has  recently  passed  between  Sir  G.  Gr.  Stokes 
and  H.  E.  Armstrong  (Proc,  1892,  22)  on  the  interactions 
occurring  in  flames.  Stokes  considers  that  at  high  temperatures 
oxygen  combines  with  carbon  in  preference  to  hydrogen.  He  thinks 
it  necessary  to  distinguish  between  the  purely  chemical  and  the 
thermochemical  changes  which  occur  in  partial  combustion.  Thus  in 
the  ordinary  candle  flame,  purely  chemical  changes  may  occur  in  the 
blue  region  at  the  base  and  outer  portion,  where  the  oxygen  is 
plentiful,  and  the  heat  so  liberated  becomes  the  cause  of  thermo- 
chemical changes  which  go  on  in  the  inner  portion  of  the  flame. 

Stokes  writes  : — "  I  imagine  that  the  hydrocarbon  spectrum  is  due 
to  a  gas  formed  by  a  pure  chemical  as  distinguished  from  a  thermo- 
chemical change.  But  what  gas  is  it  ?  It  is  commonly  supposed  to 
be  acetylene.  To  me  it  seems  more  probable  that  it  is  marsh  gas, 
formed  by  a  pure  chemical,  not  a  thermochemical,  change.  Accord- 
ing to  my  notion,  this  unknown  gas  (x,  say)  is  a  hydrocarbon,  which 
when  burnt  without  admixture  of  other  hydrocarbons  would  show 
but  feebly,  if  at  all,  the  hydrocarbon  spectrum.  More  especially  might 
this  be  expected  to  take  place  if  it  were  burnt  at  a  reduced  pressure, 
or  considerably  diluted  with,  say,  nitrogen.  For,  in  order  that  it 
should  show  its  spectrum,  its  molecule  must  be  in  a  state  of  violent 
agitation,  which  it  might  be  expected  to  be  if  it  had  been  born  as  a 
result  of  partial  combustion,  but  would  not  be  merely  because  it  was 
going  to  be  slain  by  union  with  oxygen."  In  a  subsequent  letter, 
Stokes  writes — "  The  results  of  Professor  Smithells  seem  to  me  to 
make  it  probable  that  x  may  be  carbonic  oxide." 

H.  E.  Armstrong  considers  it  "  unwise  at  present  to  infer  that  the 
oxidation  of  the  hydrocarbons,  or  the  separation  of  carbon  and  also 
of  hydrogen  from  them,  takes  place  entirely  in  any  one  way." 

We  may  here  point  out  that  Dalton,  Kersten,  and  others  have  only 
shown  that  carbonic  oxide  and  hydrogen  are  eventually  obtained 
when  ethylene  is  fired  with  its  own  volume  of  oxygen.  Their  results 
■do  not  prove  that  carbonic  oxide  and  hydrogen  are  the  immediate 
products  of  the  interaction  of  ethylene  and  oxygen. 

We  began  this  research  at  the  Owens  College,  Manchester,  in 
October,  1891.  Our  plan  was  to  make  various  mixtures  of  ethylene 
with  less  than  its  own  volume  of  oxygen,  and  after  exploding  them, 
to  carefully  analyse  the  products. 

Preparation  of  the  Gases. 

Ethylene. — This  was  made  by  Erlenmeyer's  method.  Into  a  bolt- 
iiead  flask  was  introduced  a  mixture  of  25  grams  of    alcohol  and 
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150  grams  of  concentrated  sulphuric  acid.  The  mixture  was  heated  up 
to  160 — 170°,  and  this  temperature  was  maintained  throughout  the 
preparation.  A  mixture  of  1  part  of  alcohol  and  2  parts  of  sulphuric 
acid  (by  weight)  was  slowly  and  continuously  dropped  into  the  gene- 
rating flask  from  a  tap  funnel.  The  ethylene  was  purified  by  passing 
through  two  wash-bottles  containing  concentrated  sulphuric  acid,  a 
tower  containing  lumps  of  solid  moistened  sodic  hydrate,  then  through 
two  wash-bottles  containing  concentrated  soda  solution,  and  lastly  a 
second  tower  containing  solid  sodic  hydrate. 

Oxygen. — By  heating  potassic  chlorate  in  an  iron  retort.  The  gas 
was  purified  by  passing  through  a  series  of  wash-bottles  and  towers 
containing  sodic  hydrate,  either  solid  or  in  solution,  and  fi.nal]y,  to 
ensure  the  entire  removal  of  all  chlorine,  a  wash-bottle  containing  a 
starch  and  potassium  iodide  solution  was  added  to  serve  as  an  indi- 
cator. 

The  mixtures  were  made  and  stored  in  a  gas-holder  over  mercury. 
They  were  then  sampled  for  analysis  in  tubes  over  mercury.  The 
products  of  explosion  were  also  sampled  in  similar  manner. 

Explosion  of  the  Mixtures. 

This,  on  account  of  the  violence  of  the  explosion,  was  effected  in  a 
leaden  coil  to  which  a  mercury  pressure  gauoce  was  attached.  The 
following  is  a  diagram  of    the  apparatus       The    coil    A    (capacity 


a^   }. 


~~\ 

I         c          "     \ 

^=1=1  1 

1:  1 

U 

=  2*1  litres)  was  contained  in  a  bucket  of  water.  The  coil  had  a 
glass  firing  piece  B,  and  carried  steel  taps  a,  h.  c  is  a  glass  tail  tap 
connecting  the  coil  with  the  manometer  C. 

The  gases  were  introduced  into  the  coil  through  the  steel  tap  a,, 
the  products  were  drawn  off  for  analysis  through  d. 

The  coil  was  well  dried  before  use,  and  tested  to  prove  that  all 
joints  were  tight. 
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Seven  different  mixtures  of  ethylene  and  oxygen  were  made. 

A.  We  made  a  mixture  of  100  vols,  of  ethylene  with  50  vols,  of 
oxygen.  The  coil  was  filled  with  this  mixture,  and  sparked.  The 
gases  only  seemed  to  burn  in  the  neighbourhood  of  the  wires,  and  on 
connecting  with  the  manometer  no  change  in  pressure  was  recorded. 
We  then  introduced  a  little  electrolytic  gas  at  the  firing  piece  end,  in 
order,  if  possible,  to  start  an  explosion.  On  sparking,  the  flame 
started  at  the  firing  piece,  but  on  connecting  with  the  manometer,  a 
slight  decrease  in  pressure  was  recorded,  showing  that  only  the  elec- 
trolytic gas  in  the  firing  piece  had  been  fired.  We  concluded  that  a 
mixture  of  ethylene  with  half  its  volume  of  oxygen  does  not  explode. 

B.  We  next  made  a  mixture  of  100  vols,  of  ethylene  with  65  vols, 
of  oxygen. 

Experiment  1. — Introduced  the  mixture  into  the  coil,  and  sparked. 
Aflame  seemed  to  start  at  the  firing  piece,  but  on  connecting  with  the 
jnanometer,  only  a  very  slight  inci-ease  in  pressure  (20  mm.)  was 
recorded,  showing  that  the  mixture  had  merely  burned  in  the 
neighbourhood  of  the  wires.  We  then  sent  a  little  electrolytic  gas  in 
at  the  firing  piece  end,  and  sparked.     The  mixture  did  not  explode. 

Experiment  2. — We  substituted  a  wider  tube  for  the  coil.  AB  is 
metal  tube  carrying  a  glass  firing  piece,  and  a  steel  tap  B.  This  is 
joined  to  a  wide  glass  tube,  AC,  by  means  of  a  metal  joint  at  A,  and 
un  to  this  is  fixed  a  steel  tap,  C. 


mm 


r. 
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The  mixture  was  introduced  into  the  apparatus,  and  sparked.  The 
flash,  which  travelled  rapidly  along  AC,  was  of  intense  brightness 
and  was  succeeded  by  a  dense  black  cloud  of  liberated  carbon.  The 
products  were  displaced  by  a  current  of  air,  and  burnt  with  a  fairly 
luminous  flame  at  C. 

This  mixture,  therefore,  seemed  to  be  near  the  limit  of  detonation, 
it  being  possible  to  fire  it  in  the  wide  tube,  but  not  in  the  narrower 
coil. 

C.  We  next  made  a  mixture  of  100  vols,  of  ethylene  with  70  vols,  of 
oxygen. 

Experiment  1. — Filled  the  coil  with  the  mixture  and  sparked. 
The  mixture  burnt  in  the  neighbourhood  of  the  wires  only.  We  then 
introduced  a  little  electrolytic  gas  at  the  firing  piece  end,  and  again 
sparked.  The  mixture  was  fired,  and  the  manomoter  showed  an  in- 
crease in  pressure  of  480  mm.  Carbon  was  deposited  on  the  glass  of 
the  firing  piece. 

Experiment  2. — We  tried  to  fire  the  original  mixture,  after  filling  the 
t(jil   at  the  ordinary  temperature,  and  then  heating  the  water  surround 
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ingit,  up  to  85°.  On  so  doing,  the  gases  in  the  coil  were  found  to  be 
under  a  pressure  of  184  mm.  above  that  of  the  atmosphere.  The 
mixture  was  then  sparked,  but  was  not  fired.  On  introducing  electro- 
lytic gas,  however,  and  sparking,  the  mixture  was  fired  as  in  the 
previous  experiment,  and  the  manometer  registered  an  increase  in 
pressure  of  4i66  mm. 

D.  Made  a  mixture  of  100  vols,  of  ethylene  with  75  vols,  of 
oxygen. 

'Experiment. — The  coil  was  filled  with  the  mixture  and  sparked. 
No  explosion.  Introduced  a  little  electrolytic  gas  at  the  firing  piece 
end,  and  sparked.  The  mixture  was  fired,  and  the  manometer 
recorded  an  increase  in  pressure  of  546  mm.  Carbon  was  deposited 
in  the  firing  piece. 

E.  Made  a  mixture  of  100  vols,  of  ethylene  with  90  vols,  of 
oxygen. 

Experiment. — The  coil  was  filled  with  the  mixture ;  on  sparking,  the 
flame  seemed  to  start  in  the  firing  piece,  but  did  not  travel  far,  as  the 
manometer  only  recorded  an  increase  in  pressure  of  about  20  mm. 
On  introducing  a  little  electrolytic  gas  and  sparking,  the  mixture 
exploded,  and  the  manometer  recorded  an  increase  in  pressure  of 
512  mm.  of  mercury.  Much  less  carbon  was  deposited  than  in  the 
previous  experiments. 

F.  Made  a  mixture  of  100  vols,  of  ethylene  with  95  vols,  of 
oxygen. 

Experiments. — Filled  the  coil  with  the  mixture,  and  sparked.  The 
mixture  exploded,  and  the  manometer  recorded  an  increase  in  pres- 
sure of  703  mm.  of  mercury,  the  barometer  standing  at  776'8  mm. 
On  repeating  the  experiments,  the  increase  in  pressure  recorded  was 
690  mm.     There  was  scarcely  any  carbon  deposited. 

G.  This  is  the  mixture  which  was  employed  at  the  outset  of  the 
research  (see  Introduction)  ;  it  was  intended  to  contain  equal  volumes 
of  oxygen  and  ethylene  ;  analysis,  however,  showed  that  there  was 
rather  less  oxygen  than  ethylene,  the  real  composition  being  100  vols, 
of  ethylene  to  96*5  vols,  of  oxygen.  The  increase  in  pressure  on 
explosion  was  747  mm.  of  mercury,  the  barometer  standing  at 
756  mm. 

Analysis  of  the  Gases. 

Apparatiis. — The  apparatus  employed  was  a  modified  form  of 
the  McLeod  apparatus  (described  in  Fhil.  Trans.,  1884,  Part  II). 
This  consists  essentially  of  a  eudiometer,  connected  at  its  base  with  a 
barometer ;  both  eudiometer  and  barometer  are  water-jacketed,  so 
that  the  temperature  may  be  kept  constant  throughout  the  analysis. 
Both  eudiometer  and  barometer  are  connected  with  a  mercury  reser- 
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voir,  wliicli  may  be  raised  or  lowered  as  occasion  may  require.  The 
upper  end  of  the  eudiometer  is  connected  by  means  of  a  glass  capil- 
lary tube  with  a  laboratory  vessel,  into  which  the  gases  are  sent  foi- 
purposes  of  absolution. 

The  eudiometer  and  laboratory  vessel  are  closed  by  glass  taps. 
Steps  were  taken  to  apply  a  correction  for  the  gas  left  in  the  capil- 
lary tube  between  the  two  taps  after  each  absorption.  The  taps 
were  lubricated  with  glacial  phosphoric  acid. 

Before  each  analysis,  the  eudiometer  was  washed  out,  first  with 
dilute  sulphuric  acid  and  then  with  water. 

Readings  were  made  by  artificial  light. 

Action  of  Absorbing  Licpdds  on  Gases. 

The  importance  of  this  question  became  apparent  to  us  while 
analysing  the  mixture  F,  the  first  we  analysed.  We  found  that 
fuming  sulphuric  acid  undoubtedly  absorbs  oxygen,  as  will  be  shown 
below. 

Action  of  Faming  Sulphuric  Acid  on  Oxygen. — We  analysed  the 
mixture  F  in  two  ways  :  (1)  by  first  absorbing  the  ethylene  with 
fuming  acid,  and  afterwards  the  oxygen  with  alkaline  pyrogallol ; 
(2)  by  first  absorbing  the  oxygen,  and  then  the  ethylene.  Two 
determinations  were  made  by  each  method.     The  results  were  : — • 

I.  II. 

Remoyal  of  ethylene  first.  Eemoral  of  oxygen  first. 

(1.)                          (2.)  (1.)                          (2.) 

Ethylene....      51-65                 51-75  48-73                 48-55 

Oxygen 43-21                 42-94  45*57                 46-22 

The  question  at  once  arose,  whether  fuming  sulphuric  acid  has 
any  action  on  oxygen.  This  question  was  decided  by  further  experi- 
ment : — 

We  took  a  sample  of  oxygen  prepared  from  potassic  chlorate, 
and,  after  washing  with  dilute  potash  solution  to  remove  traces  of 
chlorine,  we  treated  it  in  the  laboratory  vessel  with  fuming  sulph- 
uric acid,  and  then  with  dilute  potash  again.  We  found  that  a  con- 
siderable absorption  had  occurred  ;  this  could  not  be  due  to  the 
drying  of  the  gases,  as  the  eudiometer  was  kept  saturated  with 
moisture: — 

Oxygen   taken   after   first  treatment 

with  dilute  potash =  240*5  volumes. 

Absorption  by  faming  acid =       2-7         ,, 

The  oxygen  was  further  subjected  to  the  action  of  fuming  acid, 
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and  a  further  absorption  of  1"9  volumes  occurrred.  The  gas  was  in 
contacb  with  the  fuming  acid  about  1 5  minutes  in  each  case. 

We  tested  the  action  of  faming  acid,  in  a  similar  manner,  on 
hydrogen  and  nitrogen,  but  found  no  absorption. 

Action  of  Alkaline  Pyrogallol  on  Ethylene. — A  sample  of  ethylene 
was  introduced  into  the  laboratory  vessel,  and  allowed  to  stand  over 
alkaline  pyrogallol  for  a  few  minutes,  in  order  to  remove  any  traces 
of  oxygen  which  might  be  present.  The  gas  was  then  measured.  It 
was  treated  in  the  laboratory  vessel  with  fresh  alkaline  pyrogallol  and 
re-measured  at  successive  intervals  of  20  minutes.  On  170  vols,  of 
gas  taken  we  found  no  absorption. 

We  also  found  that  alkaline  pyrogallol  has  no  action  on  nitrogen. 

Action  of  Strong  Potash  Solution  on  Ethylene. — We  examined  this  at 
the  suggestion  of  Professor  Dixon.  We  introduced  a  volume  of 
ethylene  into  the  laboratory  vessel  and  then  treated  it  with  dilute 
potash,  in  order  to  remove  any  traces  of  carbon  dioxide  or  sulphur 
dioxide  which  might  be  present,  then  measured  the  gas,  and  sub- 
jected it  in  the  laboratory  vessel  to  the  action  of  saturated  potash 
solution.  We  found  that  no  absorption  occurred,  although  in  one 
experiment  we  allowed  the  gas  to  remain  over  the  concentrated  potash 
solution  for  16 J  hours. 


Analysis  of  the  Original  Mixtures. 

In  each  case  we  adopted  one  or  both  of  the  following  methods : — 

I.  Absorption  Method. — This  consisted  in  :  (1)  the  removal  of 
oxygen  by  means  of  alkaline  pyrogallol ;  (2)  the  removal  of 
ethylene  by  fuming  sulphuric  acid.  Nitrogen  by  difference. 
II.  Explosion  Method. — This  consisted  in  adding  excess  of  air  free 
from  carbon  dioxide  and  exploding,  determining:  (1)  the 
contraction  on  explosion,  that  is,  C ;  (2)  the  absorption  by 
potash  after  explosion,  that  is,  A.  In  this  method  it  is  neces- 
sary to  add  a  very  large  excess  of  air  (nearly  20  times  the 
volume  of  ethylene  present,  if  the  gases  are  exploded  under 
normal  pressure)  in  order  to  prevent  the  formation  of  nitric 
acid  on  explosion.     If  this  be  done,  C  should  =  A. 

Mixture  C.     Explosion  Method. — The  following  are  the  results  of 
six  determinations  for  ethylene  by  this  method  : — 

(L)  (2.)  (3.)  (4.)  (5.)  (6.)        Mean. 

Ethylene..      55-64     56-66     56*12     56-16     56-29     56-30     56-03  p.  c. 

Nitrogen. — This  was  determined,  by  exploding  the  gas  with  excess  of 
air,  removing  afterwards  both  the  carbon  dioxide  and  the  oxygen  at  one 
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iiTid  the  same  time  by  alkaline  pyrogallol.  The  result  was  N  =  4'53 
per  cent.  This  agrees  well  with  determinations  of  nitrogen  made  by 
the  absorption  method,  where  N  =  4*76 ;  4"33 ;  4*43  per  cent. 

Hence,  N  (mean  of  the  four  determinations)  =  4'51  per  cent. 

Oxygen. — By  difference  =  39*46.  This  agrees  well  wdtb  the  re- 
sults obtained  by  both  explosion  and  absorption  methods ;  the  mean 
of  five  determinations  being  39*22  per  cent. 

Results.     Ethylene 5G*03 

Oxygen 39*46 

Nitrogen 4*51 

Mixture  D. — In  the  case  of  this  mixture,  air  was  accidentally  intro- 
duced into  one  of  the  two  sample  tubes  collected ;  consequently  we 
were  left  with  only  one  tube  to  analyse.  We  however,  obtained  one 
very  good  analysis  by  the  explosion  method: — 


Gas  taken ....      73*65 

Air  added 611*40 

C 79*70 

A 79*92 

Nitrogen  left . .  486*89J 


r  Ethylene. 
This  gives  <  Oxygen.  . 


L  Nitrogen 


54*18 

41*52 

4*30 


The  result  for  ethylene  was  confirmed  by  two  other  analyses  by 
the  explosion  method.  Here,  C2H4  =  54*08  ;  54*55.  These  analyses 
were,  however,  not  completed,  and  we  decided  to  take  the  results  of 
the  one  complete  analysis. 

Mixture  E. — Five  analyses  were  made,  two  by  the  absorption  and 
three  by  the  explosion  method  ;  one  of  the  latter  was,  however,  not 
completed,  and  only  gave  results  for  ethylene. 

Itesnlts. 


Absorption  method. 

Explosion  method. 

Mean. 

(!•) 

(2.) 

(1.) 

(2.) 

(3.) 

Ethylene 

■Oxygen 

Nitrogen.. .. 

49-30 

45-51 

5-19 

49-17 

45-14 

5-69 

50-58 

45-72 

3*70 

49-66 

46-86 

3-48 

50-12 

49-77 

45-81 

4  42 

Mixture  F. — Two  analyses  by  absorption  method. 

(1.)  (2.) 

Ethylene 48*73  48*55 

Oxygea 45*57  46*22 

Nitrogen 5*70  5'33 


Kesults  :  — 

Mean. 

48*64 

45*84 

5*52 
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Mixture  G. — One  analysis  by  explosion  method.     Results  r — 

Ethylene 49-41 

Oxygen 47-69 

Nitrogen 2*90 

Disregarding  the  nitrogen,  we  find  by  calculation  : 

Mixture  C  contains  100  vols.  C2H4  to  70*44  vols  Oo- 

„        I>         „         100      „         „         76-63       „ 

E         „         100      „         „        92-04       „ 

.,        E         „         100      ,,         „        94-26        „ 

„       ,G         „         100      „         „         96-52       ,, 

Analysis  of  the  Products. 

The  analysis  of  the  products  constituted  the  most  important  part  of 
our  work. 

Method. — The  method  employed  was  (1)  removal  of  carbon  dix)xide 
by  potash  ;  (2)  removal  of  unsaturated  hydrocarbons,  &e.,  with  fuming^ 
sulphuric  acid  ;  (3)  addition  of  measured  amounts  of  oxygen  and  air ; 
(4)  explosion ;  (5)  determination  of  the  contraction  (C)  and  the 
absorption  (A). 

The  nitrogen,  except  in  the  case  of  products  G,  was  specially  de- 
termined by  adding  excess  of  air  to  a  measured  amount  of  the  gas, 
and  exploding,  afterwards  removing  the  carbon  dioxide  produced 
and  the  excess  of  oxygen  by  alkaline  pyrogallol.  Tlie  residual  nitro- 
gen was  then  measured.  Knowing  the  amount  of  nitrogen  in  the 
air  added,  the  amount  of  nitrogen  present  originally  in  the  mixture 
could  thus  be  determined. 

Calculation  frotn  Results. — Below  will  be  given  the  results  of  the 
analyses  in  percentages,  for  carbon  dioxide,  unsaturated  hydrocarbons, 
C  and  A.  The  results  obtained  for  C  and  A  cannot,  as  will  be  shown 
below,  be  explained  if,  after  removal  of  the  carbon  dioxide  and 
unsaturated  hydrocarbons,  only  carbonic  oxide  and  hydrogen  remain 
in  the  mixture.  There  must  be  some  saturated  hydrocarbon  present.. 
It  is  most  reasonable  to  assume  this  to  be  methane.  We  shall,  later 
on,  have  something  furthei-  to  say  about  the  composition  of  the 
unsaturated  hydrocarbons. 

Products  of  G. — The  analysis  of  these  products  had  to  be  modified 
somewhat,  owing  to  the  fact  that  the  amount  of  carbon  dioxide  present 
was  very  small,  and  no  unsaturated  hydrocarbon  was  present. 

Carbon  Dioxide. — The  amount  present  being  so  small,  it  was 
specially  determined  in  large  volumes  of  the  gases.     Results : — 

(1.)  (2.)  (3.)  (4.)  Mean. 

CO.,  ....      0-35         0-27         0-33         0-34         0-33  per  cent. 
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TJnsakirated  Hydrocarhons. — None  present.  No  alteration  in  volume 
after  treating  367-7  vols,  of  the  product  with  fuming  acid  (after 
removal  of  the  carbon  dioxide).  This  result  was  confirmed  by  other 
determinations. 

Residual  Gases. — Fresh  amounts  of  the  mixed  gases  were  taken  and 
exploded  with  excess  of  air  free  from  carbon  dioxide,  and  C  and  A 
determined.  Excess  of  oxygen  was  removed  by  alkaline  pyrogallol, 
and  the  residual  nitrogen  measured. 

Results — 

(1.)  (2.)  Mean. 

C    99-62  99-88  99-75 

A   50-22  50-68  50-45 

Nitrogen 0-85  0-70  0-77 

We  therefore  have  0-38  +  0-77  =  I'lO  per  cent,  of  carbon  dioxide 
and  nitrogen  ;  hence  the  residual  gases  =  98*90  per  cent. 

From  the  absorption,  50-45  per  cent.,  must  be  subtracted  0'33  per 
cent,  due  to  carbon  dioxide  present  in  tlie  gases  before  explosion; 
hence  A  =  50"12  per  cent. 

From  the  above  data,  if  we  calculate  on  the  assumption  that  only 
carbonic  oxide  and  hydrogen  are  present,  we  find — 

Carbonic  oxide  . .      50-12 1       ^^^^^ ^^.^-^ 

Hydrogen 49*79  J 

This  is  I'Ol  in  excess  of  the  total  volume  (98*90)  ;  hence  there  is 
some  other  body,  presumably  methane,  present. 
Calculating  on  this  last  assumption,  we  have — 

Carbonic  oxide 49*11  per  cent. 

Hydrogen    48*78 

Methane 101         „ 

Products  of  F. — In  all,  four  analyses  were  made,  two  of  which  were 
not  completed,  but  gave  results  for  carbon  dioxide  and  unsaturated 
hydrocarbons. 

Besults. 


(1) 

(..) 

(3.) 

(.) 

Mean. 

Unsaturated  hydrocarbons. 
Carbon  dioxide 

2-31 

9G-85 
48-76 

1-92 

1  -09 

95-93 

49-40 

2  23 
0-75 

2-10 
0-99 

2-14 
0-94 

C 

96-39 

A 

49*08 
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Nitrogen.     Two  Determinations. 

(1.)  (2.) 

Volume  of  gas  taken . . .        604  56-9 

air  added  . .      .319-15  3357 

Residual  nitrogen 254-02  266'9 

Per  cent,  nitrogen 2*59  2 '39 

Mean  for  nitrogen  =  2 '49  per  cent. 

Calculating  from  the  above  data,  Ave  have — 

Unsaturated  hydrocarbons  . .  2  "14 

Carbon  dioxide 0*94 

Methane 2-55 

Carbonic  oxide 46-53 

Hydrogen 45'35 

Nitrogen 2*49 

Products  of  E. — Two  full  analyses  were  made,  which  afforded  very 
■concordant  results.  In  another  analysis,  the  carbon  dioxide  and 
unsaturated  hydrocarbons  alone  were  determined, 

RestiUs. 


(1.) 

(2.) 

(3.) 

Mean. 

Unsaturated  hydrocarbons     

2-68 

1-28 

93-84 

50-30 

2-82 

1-35 

93-98 

50-33 

2-84 
1-10 

2-78 
1-24 

0 

93*91 

\ 

50-31 

Nitrogen. — Four    determinations    were    made,  with   the  following 

results : — 

(1.)               (2.)  (3.)                (4). 

Volume  of  gas  taken. .        47-7           44*2  57-6           81*6 

air  added  .      25735       258-3  293-4         365-55 

Residual  nitrogen  ....      204-75       205-15  233-69       290-96 

Per  cent,  nitrogen 2-5             1*90  2-80           2*22 

Mean  for  nitrogen  =  2*35  per  cent. 

Calculating  from  the  above  data,  we  have — 

Unsaturated  hydrocarbons  . .  2-78 

Carbon  dioxide 1*24 

Methane 2-52 

Carbonic  oxide 47*79 

Hydrogen 43*32 

Nitrogen 2*35 
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Products  of  D. — Three  full  analyses  were  made.  In  a  fourth 
analysis  everything,  except  A,  was  determined,  whilst  in  another 
analysis  the  amounts  of  carbon  dioxide  and  unsaturated  hydrocarbons 
alone  were  determined. 

Results. 


(1.) 

(2.) 

(3.) 

(4.) 

(5.) 

Mean. 

Unsaturated  hydrocarbons 

Carbon  dioxide    

c    

4-63 

2-19 

93-02 

49-03 

4-30 

3-18 

91-86 

48-95 

3-92 

2-82 
92-51 

47-82 

2-42 

2-98 
92-78 

3-58 

2-84 

3-77 

2-80 
92-54 

A    

48-61 

Nitrogen.     Two  Determinations.  Results. 

(1.)  (2.) 

Volume  of  gas  taken.        45-0  48*1 

air  added.     286'75  281-1 

Residual  nitrogen  ...      228-28  224-78 

Per  cent,  nitrogen  .  . .          3-24  2-97 

Mean  for  nitrogen  =  3*10  per  cent. 

Calculating  from  the  foregoing  data,  we  have — 

Unsaturated  hydrocarbons  . .  3*77 

Methane 3-77 

Carbon  dioxide 2-80 

Carbonic  oxide 44*84 

Hydrogen   41-72 

Nitrogen 310 

Products  of  C. — Two  full  analyses  were  made. 

Results. 

(1.)  (2.) 

Unsaturated  hydrocarbons  .        5'58  5-49 

Carbon  dioxide    1*52  1*74 

Nitrogen 5-35  4-97 

C 95-68  95-28 

A 44-33  44-43 

Calculating  from  these  data,  we  have — 

Unsaturated  hydrocarbons.  . .  5*53 

Methane 5'96 

Carbon  dioxide 1'63 

Carbonic  oxide 38-85 

Hydrogen 43-30 

Nitrogen 5*16 


Meanu 
5-53 
1-63 
516 
95-48 
44-38 
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We  may  now  tabulate  the  results  of  our  analyses. 

Co7)iposition  of  the  Mixtures  Jived. 


Mixture. 

C. 

D. 

E. 

F. 

a. 

Ethylene 

56-03 

39-46 

4-51 

54-18 

41-52 

4-30 

49-77 

45-81 

4-42 

48-64 

45-84 

5-52 

49-41 

OTCVPffiTl       ............ 

47-69 

Niti'QO'en 

2  -90 

Composition  of  the  Products  of  Explosion. 


Mixture. 


Unsaturated  hydrocarbons. . 

Methane 

Carbon  dioxide 

Carbonic  oxide 

Hydrogen 

Nitrogen    


C. 


D. 


5-53 
5-96 
1-63 
38-85 
43  -30 
5-16 


3-77 
3-77 
2-80 
44-84 
41-72 
3-10 


E. 


2-78 
2-52 
1  -24 
47-79 
43-32 
2-35 


F. 


2-14 
2-55 
0-94 
46-53 
45-35 
2-49 


a. 


1-01 

0-33 

49-11 

48-78 

1-01 


Liheration  of  Carbon. — The  blackening  of  the  glass  firing  piece, 
when  the  mixtures  C,  D,  and  E  were  fired  appeared  to  prove  the 
liberation  of  carbon.  To  confirm  this  conclusion,  a  mixture  of 
100  voJs.  of  ethylene  and  90  vols,  of  oxygen  was  exploded  in  the  coil, 
and  the  products  of  the  explosion  were  immediately  expelled  by  a 
current  of  air,  and  driven  through  a  tube  packed  with  cotton  wool. 
The  wool  was  rendered  completely  black  by  the  very  finely  divided 
•carbon  which  it  abstracted  from  the  gases. 

Unsaturated  Hydrocarbons. — In  the  former  part  of  our  paper,  we 
stated  that  Smithells  and  Ingle,  and  independently  V.  B.  Lewes,  had 
arrived  at  the  conclusion  that  acetylene  is  formed  in  the  inner  zone 
of  the  non-luminous  flame,  owing  to  the  breaking  up  of  the  hydro- 
carbons. "We  therefore  were  led  to  see  whether  we  could  detect 
acetylene  among  the  products  of  the  explosion  of  ethylene  with  less 
than  its  own  volume  of  oxygen. 

The  ordinary  method  for  the  detection  of  acetylene  (by  means 
of  an  ammoniacal  solution  of  cuprous  chloride)  cannot  here  be 
employed,  on  account  of  the  presence  of  carbonic  oxide  among  the 
products.  We  therefore  employed  a  solution  of  silver  chloride  in 
ammonia.  On  passing  carbonic  oxide  through  this  solution  for  a 
considerable  time,  we  found  that  it  became  brown  and  just  a  trace  of 
a  dark  precipitate  was  formed.  Acetylene,  on  the  other  hand,  at  once 
.acted  on  the  solution,  forming  a  yellowish- white  precipitate  of  silver 
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ncetylide.  We  found  that  we  could  easily,  in  this  way,  detect 
025  per  cent,  of  acetylene  in  an  experimental  mixture  containing  a 
large  volume  of  carbonic  oxide. 

Experiment. — We  made  a  mixture  of  100  vols,  of  ethylene  and 
90  vols,  of  oxygen,  and  exploded  the  same  in  the  coil.  After  explo- 
sion, we  passed  the  products  through  an  ammoniacal  solution  of  silver 
chloride  ;  silver  acetylide  was  at  once  formed.  We  confirmed  this  by 
decomposing  a  portion  of  this  precipitate  with  concentrated  hydro- 
chloric acid,  when  the  characteristic  smell  of  acetylene  was  obtained. 
Another  portion  was  dried,  and  then  heated,  when  it  detonated. 
There  could,  therefore,  be  no  doubt  that  acetylene  is  formed  when 
ethylene  is  exploded  with  less  than  its  own  volume  of  oxygen. 

In  view  of  the  possible  connection  between  the  liberation  of  carbon 
and  the  formation  of  acetylene,  it  appeared  of  interest  to  test  the 
presence  of  carbon  and  acetylene  in  the  products  of  the  explosion  of 
methane  with  less  than  its  own  volume  of  oxygen.  Methane  will  not 
detonate  unless  it  is  fired  with  very  nearly  its  own  volume  of  oxygen. 
Bearing  in  mind  the  fact  that  the  carbon  of  a  hydrocarbon  appears  to 
be  oxidised  before  the  hydrogen,  we  did  not  expect  to  find  any  carbon 
liberated  when  this  mixture  was  fired,  and  doubted  whether  any 
acetylene  would  be  found  among  the  products  of  the  explosion.  Such 
was  the  case ;  neither  carbon  nor  acetylene  could  be  detected. 

In  view  of  our  results,  we  are  inclined  to  suggest  that  the  acetylene, 
formed  in  the  combustion  of  ethylene  with  less  than  its  own  volume 
of  oxygen,  originates  in  the  union  of  nascent  hydrogen  with  nascent 
carbon  at  the  very  high  temperature  of  the  explosion.  Such  a 
formation  of  acetylene  appears  more  probable  than  that  it  is  pro- 
duced by  the  direct  decomposition  of  ethylene  molecules. 

General  Conclusions. 

1.  Our  results  indicate  that  when  ethylene  is  fired  with  its  own 
volume  of  oxygen,  carbonic  oxide  and  hydrogen  are  eventually  ob- 
tained, the  result  of  the  interaction  being  represented  by  the  equa- 
tion 

C2H4  +  O2  =  2C0  +  2H2     (a). 

This  is  in  accordance  with  the  previous  work  of  Dalton,  Kersten,and 
E.  V.  Meyer. 

2.  When  ethylene  is  fired  with  less  than  its  own  volume  of  oxygen, 
we  find  that  methane  is  formed.  The  quantity  thus  produced  increases 
as  the  quantity  of  oxygen  in  the  original  mixture  decreases.  This 
formation  of  methane  has  a  bearing  upon  the  subject  of  the  inter- 
action occurring  in  flames,  and  is  interesting  in  connection  with  the 
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expression  of  opinion  on  the  parfc  of  Sir  G.  G.  Stokes,  cited  in  the 
earlier  portion  of  this  communication. 

We  suggest  that  the  heat  liberated  by  the  main  reaction  produces 
a  decomposition  of  some  of  the  unburnt  ethylene  into  methane  and 
carbon,  analogous  to  the  decomposition  which  ethylene  undergoes 
when  passed  through  a  red  hot  tube. 

The  simplest  formation  is  that  represented  by  the  equation 

C,H4  =  CH4  +  C   (&). 

Methane  might  also  be  produceed  by  partial  oxidation,  according- 
to  the  equation 

2C0H4  +  Oo  =  2CH4  +  2C0 (c), 

3.  Carbon  is  liberated. 

4.  Unsaturated  hydrocarbons  are  formed,  of  which  acetylene 
forms  an  important  part.  We  suggest  that  the  formation  of  acet- 
ylene is  due  to  a  secondary  reaction  between  the  nascent  hydrogen 
formed  according  to  equation  (a)  and  the  nascent  carbon  liberated 
according  to  equation  (h),  thus 

2C  +  2H  =  C2H2. 

In  conclusion,  we  have  great  pleasure  in  thanking  Professor  Dixon 
for  many  fruitful  suggestions,  and  for  the  facilities  he  has  afforded  us 
in  the  prosecution  of  our  research. 

Owens  College,  Manchester. 


LXXYI. — On  the  Loicenng  of  the  Freezing  Foints  of  Cadmium,  Bis- 
muth, and  Lead  ivhen  alloyed  with  other  Metals. 

By  C.  T.  Hevcock,  M.A.,  and  F.  H.  N^eville,  M.A. 

In  the  Proceedings  of  the  Chemical  Society,  No.  88,  Session  1890-91, 
we  published  a  short  account  of  the  results  of  the  application  of 
Raoult's  method  to  alloys  in  which  bismuth,  cadmium,  and  lead 
were  the  solvent  metals. 

We  have  since  then  revised  and  repeated  many  of  the  experiments 
on  which  that  summary  was  based,  and  propose  in  this  paper  to  give 
the  experimental  numbers  themselves.  The  method  of  experiment 
has  been  fully  described  in  previous  papers  (Trans.,  1890,  57, 
p.  376).     We  need  only  add  the  fact  that  in  all  cases  of  difficult 
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solubility,  or  when  oxidation  of  the  added  metal  was  to  be  feared,  the 
alloys  were  made  by  placing  weighed  quantities  of  the  two  metals  in 
a  hard  glass  tube,  exhausting  and  sealing  the  tube.  The  tube  and 
its  contents  were  then  heated  to  a  red  heat  and  well  shaken.  The 
alloys  made  in  this  way  were  afterwards  added  to  the  bulk  of  the 
solvent  in  the  block. 

As  the  freezing  points  of  cadmium  and  lead  are  nearly  100" 
higher  than  that  of  tin,  our  thermometrical  difficulties  were  greater, 
and  there  is  no  doubt  that  further  experiment  would  improve  some 
of  the  numbers  obtained.  The  zeros  of  the  thermometers,  as  in  our 
previous  experiments,  were  fixed  by  heating  for  18  days  either  in  boil- 
ing mercury  or  sulphur. 

In  the  following  tables  we  have  retained  the  column  headed 
"  Atomic  Fall."  By  this  term,  we  express  the  ratio  of  the  fall  in 
freezing  point  of  the  alloy  below  that  of  the  pure  solvent,  to  the 
number  of  foreign  atoms  present  per  100  of  solvent. 

Expressed  as  a  formula: — if  t  and  ^'  be  the  freezing  points  (in 
degrees  centigrade)  of  the  pure  solvent  and  of  the  alloy  respect- 
ively   and  n  be   the    number   of    atoms   of    foreign    metal    present 

per  100  atoms  of  solvent,    then  the   atomic  fall  is  =    • ■,    This 

n 

number  gives  the  average  effect  produced  by  an  atomic  weight  of 

the  dissolved  body  at  different  concentrations.* 

From  a  consideration  of  the  following  tables  and  of  the  experi- 
ments in  which  tin  was  the  solvent  (Trans.,  1890,  57,  376),  it  will 
be  seen  that  the  atomic  fall  is  independent  of  the  concentra.tion, 
when  the  solution  is  dilute.  As  the  concentration  increases,  a 
gradual  change,  however,  takes  place  in  the  value  of  the  atomic  fall. 

In  a  few  cases,  such  as  that  of  gold  in  cadmium  or  tin,  and  of 
mercury  in  cadmium,  there  is  an  increase  in  the  atomic  fall  as  the 
concentration  increases,  but  in  most  cases  the  reverse  is  true. 

Of  the  various  causes  of  change  in  the  atomic  fall  with  increasing 
concentration  the  following  appear  to  be  most  worthy  of  considera- 
tion : — 

(a.)  Van't  Hoff's  theory  in  its  simplest  form  assumes  that  the 
dissolved  body  is  in  the  condition  of  a  perfect  gas ;  but  bearing  in 
mind  the  enormous  osmotic  pressures  at  work,  it  seems  almost  certain 
that  as  the  concentration  increases,  deviations  from  the  gaseous  laws 
analogous  to  those  investigated  by  Amagat  would  show  themselves. 
For  moderate  concentrations  we  might  expect  that  this  cause  would 
decrease  the  osmotic  pressure  and  consequently  the  atomic  fall. 

*  In  the  tables,  the  atomic  fall  Is  often  given  for  very  dilute  solutions,  but  it  is 
evident  that  in  these  cases  the  experimental  errors  are  magnified  by  the  process  of 
calculation. 
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(b.)  Van't  Hoff's  theory  also  assumes  that,  however  the  concentra- 
tion increases,  the  space  available  for  the  diffusion  of  the  dissolved 
substance  regarded  as  a  gas,  remains  what  it  was  at  first,  namely 
the  original  volume  of  the  solvent,  so  that  the  osmotic  pressure  is, 
by  Boyle's  law,  directly  proportional  to  the  amount  of  dissolved 
body  added :  but  this  is  an  assumption  which  seems  improbable.  A 
careful  determination  of  the  densities  of  the  liquid  alloys  at  their 
melting  points  would  throw  some  light  on  this  point,  but  we  have 
not  at  present  been  able  to  make  experiments  in  this  direction. 

(c.)  It  might  be  expected  that  increasing  concentration  would 
cause  polymerisation  in  the  molecules  of  the  dissolved  body  some- 
what analogous  to  that  shown  by  the  vapours  of  acetic  acid,  iodine, 
and  hydrogen  fluoride.  Hitherto  we  have  found  but  little  evidence 
of  this  sort  of  action,  the  atomicity  of  the  dissolved  molecule  in  con- 
centrated and  dilute  solutions  appearing  to  be  the  same. 

(d.)  Atomic  falls  smaller  than  theory  demands  may  also  be  due  to 
that  portion  of  the  solvent  which  solidifies  at  the  moment  of  freezing, 
carrying  with  it  some  of  the  dissolved  metal.  This  would  decrease 
the  osmotic  pressure,  and,  therefore,  the  amount  of  work  to  be  done 
before  freezing  can  occur ;  the  fall  in  the  freezing  point  would,  there- 
fore, be  less.*  The  above  action  is  analogous  to  the  well  known  fact 
that  many  precipitates  carry  soluble  substances  down  with  them. 

We  do  not  at  present  see  a  satisfactory  method  of  estimating  the 
amount  of  foreign  metal  carried  down  with  the  solvent  in  these 
cases,  on  account  of  the  difficulty  of  separating  the  solid  from  the 
mother  liquor.  An  extreme  case  of  this  action  is  to  be  found  when 
lead  is  alloyed  with  thallium ;  the  two  metals  mix  readily,  and  as 
they  cool  there  is  no  perceptible  separation.  The  freezing  point  of 
such  an  alloy  is  identical  with  that  of  pure  lead. 

The  same  cause  may  in  extreme  cases  produce  a  rise  instead  of  a 
fall  in  the  freezing  point,  as  we  have  observed  with  antimony  in  tin, 
antimony  in  bismuth,  and  silver  in  cadmium.  For  so  long  as  the 
precipitate  which  separates  out  is  poorer  in  foreign  metal  than  the 
liquid,  there  will  be  some  fall,  but  if  on  the  other  hand  a  precipitate, 
rich  in  the  foreign  metal,  separates  out  of  a  dilute  solution,  the  sign 
of  the  work  which  has  to  be  done  is  reversed  and  a  rise  may  be 
expected.  In  such  cases  the  precipitate  is  probably  a  chemical  com- 
pound of  the  two  metals.     (See  Table  XIX,  p.  900.) 

(e.)  The  remaining  cause  that  we  venture  to  suggest  as  a  possible 
one  would  alone,  if  correct,  account  in  many  cases  for  the  observed 
decrease  in  the  atomic  fall  with  increasing  concentrations.  It  is  due 
to  the  fact  that  Yan't  Hoff's  formula  89  =  kuO'^,  where  t9  is  fall  in 

*  Van't  Hoff  {Zeit.  physiJcal.  Chem.,  5,  334)  and  A.  van  Bijlert  (ibid.,  8,  343) 
gire  the  same  explanation,  and  support  it  by  experimental  evidence. 
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freezing  point,  k  a  constant,  n  proportional  to  the  quantity  of  dis- 
solved metal,  and  6  the  absolute  freezing  point  of  the  pure  solvent,  is 
strictly  true  only  when  the  solution  is  infinitely  dilute.  For  finite 
concentrations,  similar  reasoning  to  that  by  which  the  above  formula 
was  obtained  seems  to  lead  to  the  formula  SO  =  Kn6(6  —  SO).  Making 
this  correction,  and  using  n  to  express  the  number  of  atoms  of  foreign 
metal  per  hundred  of  solvent,  we  get  the  following  values  for  the 
atomic  fall : — 

Table  I. 


Values  of  n. 

Theoretical  atomic  falls. 

Tin. 

Bismuth. 

Cadmium. 

Lead. 

0 

3-0 
2-98 
2-91 
2-83 

2-68 

2-08                      4*5 

6-5 

1 

2-07 
2-04 
2-00 
1-93 

4-47 
4-34 
4-18 
3-91 

6*43 

5 

6-17 

10 

5-87 

20- 

5-35 

These  values  are  all  calculated  on  the  assumption  that  the  molecule 
of  the  substance  in  solution  contains  1  atom. 

When  we  take  a  general  survey  of  the  atomic  falls  given  by  the 
tables  below,  and  compare  them  with  the  molecular  falls  predicted  by 
the  theory  of  osmotic  pressure,  we  see  not  only  that  the  experimental 
numbers  are  identical  in  a  great  many  cases  with  the  theoretical  fall 
produced  by  a  monatomic  molecule,  but  that  the  experimental  num- 
bers, while  often  lower,  are  never  higher  than  the  theoretical  number  (see 
Table  XLII,  p.  911).  This  is  an  important  point  in  favour  of  the 
osmotic  theory  of  solution,  for  this  theory,  whilst  readily  explaining 
a  low  atomic  fall  by  the  hypothesis  of  the  dissolved  molecule  con- 
taining more  than  1  atom,  assigns  a  superior  limit,  corresponding  to 
the  state  in  which  the  molecules  in  solution  contain  each  1  atom  of 
the  dissolved  body.  With  these  numbers  before  us,  it  seems  impos- 
sible to  resist  the  conclusion  that  the  process  of  solution  consists 
essentially  in  the  disintegration  of  the  dissolved  body,  and  its  uni- 
form diffusion  through  the  solvent  as  a  gas,  in  other  words,  that  the 
"  physical  theory  of  solution  "  is  correct.  The  characteristic  assump- 
tion of  the  "  hydrate  theory  of  solution,"  that  a  chemical  union  of  the 
dissolved  body  with  the  solvent  is  an  essential  part  of  the  process,  is 
of  no  use  as  an  aid  in  predicting  the  numerical  results.  But  in  some 
cases,  for  instance,  that  of  gold  dissolved  in  cadmium,  and  a  few 
others,  we  have  no  doubt  that  the  molecule  in  solution  contains 
atoms  of  both  metals  (vide  Gold  in  Cadmium,  this  vol.,  p.  902). 

3  R  2 
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It  is  notewortliy  that  even  when  the  atomic  fall  of  a  metal  is 
abnormally  small,  as  for  example,  that  of  tin  in  lead,  it  has  the  same 
value  at  a  very  great  dilution  as  at  a  moderate  concentration.  We 
think  that  our  work  on  the  triple  alloys  of  gold,  cadmium,  and  tin 
(Trans.,  .1891,  59,  936)  throws  considerable  light  on  these  small 
atomic  falls.  Without  attempting  to  discuss  each  in  detail,  it  is  clear 
that  such  au  atomic  fall  as  that  produced  by  gold  in  cadmium 
(Table  XXITI,  p.  902)  can  be  explained  by  the  assumption  that  the 
molecule  in  solution  is  AugCdg,  but  that  a  certain  small  pressure  of 
molecules  of  the  type  Au  is,  by  the  principle  of  chemical  equilibrium, 
necessary  to  maintain  the  stability  of  the  compound.  We  mention 
this  case  because  we  have  isolated  the  body  AuCd.  But  many  other 
cases  might  be  brought  forward,  such  as  that  of  mercury  in  cadmium, 
where  the  existence  of  free  mercury,  together  with  the  molecule 
Cd^Hga,  suffices  to  explain  the  phenomena.  In  other  cases,  it  is  not 
necessary  to  assume  the  existence  of  cadmium  in  the  dissolved  mole- 
cule. Perhaps  the  most  satisfactory  method  of  as(;ertaining  in  each 
case  whether  the  solvent  combines  with  the  dissolved  body  is  to  study 
the  behaviour  of  the  two  metals  when  they  are  dissolved  together  in 
^a  third  (vide  paper  on  Triple  Alloys,  he.  cit.).  We  have  in  this  way 
established  the  existence  of  several  alloys  which  are  definite  chemical 
compounds ;  we  hope  shortly  to  communicate  the  results  to  the 
Society. 
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BISMUTH    AS     SOLYEN^T. 


Table  II. — Sodium  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 
bismuth 
in  block. 

Weights  of 
sodium 
added  in 

succession. 

Total 

weight  of 

sodium 

in  block. 

Freezing 
point  of 
solution. 

Atoms  v)f 

sodium  per 

100  of 

bismuth. 

Atomic 
fall. 

50 

0  -0452 
0-087 
0  -0863 

0  -0452 

0-132 

0-218 

266-34° 
264  -86 
261  -43 

258  -06 

0-825 

2-41 

4-00 

1-79 
2-04 
2-07 

Magnesium  m  Bismuth. 

Magnesium  dropped  into  red  hot  bismuth  dissolves  with  incan- 
descence, and  attacks  the  glass.  The  alloy  is  very  difficult  to  separ- 
ate from  the  tube.  Alloys  of  magnesium  and  bismuth  thus  made  do 
not  appear  to  lower  the  freezing  point  of  bismuth. 
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AluminiuTn  in  BismtitJi. 

When  aluminium-bismuth  alloys  are  made  and  added  to  molten 
bismuth  in  the  usual  way,  there  is  a  small  fall  in  the  freezing  point 
of  about  0'25°  per  atom,  but  the  experiments  need  confirmation. 

Table  III. — Copper  in  Bismuth. 

Thermometer,  Miiller. 

Series  I. 


Weight  of 
bismuth 
in  block. 

Weights  of 

copper 

added  in 

succession. 

Total 
weight  of 

copper 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

copper  per 

100  of 

bismuth. 

Atomic 
fall. 

50 
52 
54 
56 

0-0404 
0-078 
0  -101 

0  -0404 
0-1184 
0-2194 

266-23° 
265  -87 
265  -47 

265  -47 

0-259 

0-729 

saturated 

1  -35 
1-04 

IT. 


50 

266  -75°      1 

52 

0-050 

0-050 

266  -34       ! 

0-32 

1-28 

54 

0  -0492 

0  -0992 

266  -14       1 

0-614 

0-993 

59 

0  0992 

266  -17 

0-565 

1  08 

61 

0-0560 

0-1552 

266-12 

i 

Probably  the  first  atomic  fall  alone  in   each  series  represents  the 
true  fall  in  an  unsaturated  solution. 


Tablk  TV. — Zinc  in  Bismuth. 
Thermometer,  Miiller. 


i 


Weight  of 
bismuth 
in  block. 

Weights  of 

zinc 

added  in 

succession. 

Total 

weight  of 

zinc  in 

block. 

Freezing 
point  of 
solution. 

Atoms  of 

zinc  per 

100  of 

bismuth. 

Atomic 
fall. 

50 
52 
54 
56 
58 
60 
62 

0-0808 

0-1305 

0-1340 

0-211 

0-345 

0-667 

0 -0808 
0-2113 
0  -3453 
0  -5563 
0  -901 
1-568 

266-17° 
265-59 
264  -24 
262  -83 
260-84 
258-21 
254 -84 

0-501 

1-260 

1-99 

3-09 

4-84 

8-15 

1-16 
1-53 
1-68 
1-73 
1-64 
1-39 
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Table  Y. — Arsenic  in  Bismuth. 

Thermometer,  Miiller. 

Series  I. 


Weight  of 
bismuth 
in  block. 

Weights  of 

arsenic 
added  in 
succession. 

Total 

weight  of 

arsenic 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
arsenic 

per  100  of 
bismuth. 

Atomic 
fall. 

50 
52 
54 
58 
62 

0 -0484 
0  -1322* 
0  -3055 
0  -2995 

0-0484 
0-1806 
0 -4861 
0-7856 

266-54° 
266-34 
265-59 
265 -00 
265-04 

0-258 
0-928 
2-325 
3-51 

0  -775 
1-024 
0  -663 

Series  II. 


50 

266  -55° 

56 

0-094 

0-094 

266  -24 

0-466 

0-665 

62 

0-086 

0-180 

265-93 

0-805 

0-770 

68 

0-1735 

0-3535 

265  -52 

1-442 

0-714 

74 

0  -0931 

0  -4464 

265  -33 

1-670 

0-730 

These  numbers  point  to  the  molecule  Asa,  as  the  observed  fall  is 
about  one-third  of  the  theoretical  atomic  fall. 


Table  VI. — Falladmm  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 

bismuth  in 

block. 

Weights  of 

palladium 

added  in 

succession. 

Total  weight 

of  palladium 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

palladium 

per  100  of 

bismuth. 

Atomic 
fall. 

50 

266-53° 

52 

0-0504 

0  -0504 

266  -24 

0-191 

1-52 

54 

0-1015 

0-1519 

265-51 

0-550 

1-85 

56 

0  -1055 

0 -2574 

264  -72 

0-905 

2-00 

58 

0-1840 

0-4414 

263  -28 

1-49 

2-18 

60 

0-16 

0-5914 

262 -49 

1-94 

2-08 

62 

0-131 

0-7224 

261  -57 

2-295 

2-16 

•  Probably  an  error  in  weighing. 
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Table  YII. — Silver  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 

bismuth  in 

block. 

Weights  of 

silver 

added  in 

succession. 

Total  weight 
of  silver 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
silver  per 

100  of 
bismuth. 

Atomic 
fall. 

50 
52 
54 
57 

0  -1776 
0-2028 
0-3615 

0  -1776 
0  -3804 
0  -7419 

265  -98° 
264  -61 
263  -24 
261-1 

0-664 
]  -387 
2-53 

2-06 
1-98 
1-93 

Thallium  was  now  added  to  the  above  solution  of  silver,  and  as 
thallium  has  not  been  tried  again  in  pure  bismuth,  we  give  the  result 
here  : — 


Thallium 

added  in 

succession. 


0-164 
0-3385 


Total 
thallium. 


0-164 
0-5025 


2-06 
2-00 


Table   VIII. — Cadmium  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 
bismuth 
in  block. 


50 


Weights  of 
cadmium 
added  in 

succession. 


0-029 

0  -0648 

0-1826 

0-1782 

0-1800 

0-499 


Total  weight 

of  cadmium 

in  block. 

0-029 

0  -0938 

0-2764 

0-4546 

0-6346 

1-134 

Freezing 
point  of 
solution. 


266-44° 
266  -24 
265  -77 
264  -31 
262  -95 
261 -46 
257  -59 


Atoms  of 

cadmium 

per  100  of 

bismuth. 


0-1087 

0-352 

1-037 

1-705 

2-38 

4-252 


Atomic 
fall. 
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Table  IX. — Tin  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 

bismutli  in 

block. 


50 


Weights  of 
tin  added  in 
succession. 


0  -0449 
0  -0846 
0-2271 
0  -2672 


Total  weight 

of  tin  in 

block. 


Freezing 

point  of  the 

solution. 


0  -0449 
0  -1295 
0-3566 
0-6258 


265  -83= 
265-51 
264-88 
263  -16 
261  -09 


Atoms  of 
tin  per  100 
of  solution. 


To  this  mixture  lead  was  now  added. 


0  -497  Pb 
0-365 


0-497 

0-802 


258 

257 


■72 
■16 


0  -1598 
0-4604 
1-268 
2-225 


1-11 
1-754 


Atomic 
fall. 


2-00 
2-06 
2-11 
2-13 


2-08 
2-12 


Table  X. — AntiTnony  in  Bisrmith. 
Thermometer,  Miiller. 


Weight  of 
bismuth 
in  block. 

Weights  of 
antimony 
added  in 

succession. 

Total 
weight  of 
antimony 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

antimony 

per  100  of 

bismuth. 

Atomic 
rise. 

50 

52 
54 
56 

58 

0  -0675 
0-080 
0-1955 
0-604 

0  -0675 
0  -1475 
0  -3430 
0-947 

266  -42° 

267  -06 
267-88 
269  -63 
275-16 

0  -2369 

0-477 
1-072 
2-856 

2-70 
3-06 
2-99 
3-06 

See  notes  on  Silver  in  Cadmium,  Table  XIX  (p.  900). 

Table  XI. — Platinum  in  Bismuth. 
Thermometer,  Miiller. 


Weight  oi 
bismuth 

Weights  of 
platinum 

Total 
weight  of 

Freezing 
point  of 
solution 

Atoms  of 
platinum 

Atomic 

in  block. 

added  in 

platinum 

per  100  of 

fall. 

succession. 

in  block. 

bismuth. 

50 

2Q6  -45° 

52 

0 -0992 

0  -0992 

266-02 

0-206 

2-09 

54 

0-220 

0-3192 

265  -06 

0-638 

2-18 

56 

0-298 

0  -6176 

264-26 

1-19 

1-84* 

61 

0-6176 

264  '26 

1-093 

1-9* 

66 

0-6176 

264  -29 

1-01 

2-14 

71 

0-6176 

264  -42 

0-939 

2-16 

Saturated. 
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Table  XII. — Gold  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 
bismuth 
in  block. 


50 
52 
54 
56 

58 


Weights  of 

gold 

added  in 

succession. 


Total 
weight  of 

gold 
in  block. 


Freezing 
'  point  of 
i      solution. 


Atoms  of 

gold  per 

100  of 

bismuth. 


0-181 
0-149 
0-354 
0-301 


0-181 
0-330 
0-684 
0-985 


266-42° 
265  -62 
265  -10 
263  -74 
262  -73 


0-371 
0-6445 
1-28 
1-81 


Atomic 
fall. 


2-16 
2-05 
2-09 
2-04 


A  second  series  carried  as  far  as  5  atoms  of  gold  gave  a  coDStant 
atomic  fall  of  2°. 

Thallium  in  Bismuth.     (See  end  of  Table  VII.) 

Lead  in  Bismuth.     (See  end  of  Table  IX.) 

Table  XIII. — Mercury  in  Bismuth. 
Thermometer,  Miiller. 


Weight  of 
bismuth 
in  block. 

Weights  of 
mercury 
added  in 

succession. 

Total 
weight  of 
mercury 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

mercury 

per  100  of 

bismuth. 

Atomic 
fall. 

50 

>> 

0-108 
0  330 
1-137 
0-494 

0-108 
0-439 
1-575 
2-069 

266  -65° 
266-17 
264-65 
259-77 
257  -80 

0-225 
0-911 
3-27 

4-29    • 

2-13 
2-20 
2-10 
2-06 

CADMIUM    AS     SOLVENT. 


Table  XIV. — Sodium  in  Cadmium. 
Thermometer,  Hicks'  15. 


I 


Weight 

of  cadmium 

in  block. 

Weiglits 
of  sodium 

added  in 
succession. 

Total 

weight  of 

sodium 

in  block. 

Freezing 
jjoint  of 
solution. 

Atoms  of 

sodium 
per  100  of 
cadmium. 

Atomic 
fall. 

300 

>» 
» 

0-355 
0-272 
0  -1575 

0-355 
0-627 

0-785 

320  -41° 
317  -82 
315-76 
314-72 

0-577 
1-017 
1-27 

4-49 
4-57 
4-48 

The  molecule  in  solution  apparently  contains  1  atom  of  sodium. 
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Table  XV. — Copper  in  Cadmium. 

Thermometer,  Hicks'  15. 

Series  I. 


Weight 

of  cadmium 

in  block. 

Weights 

of  copper 

added  in 

succession. 

Total 
weight  of 

copper 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

copper 
per  100  of 
cadmium. 

Atomic 
fall. 

250 

260-4 

270-4 

280-4 

0  -5576 

0-623 

0-675 

0-5576 

1-181 

1-856 

319-77° 
318 -45 
317-13 
315  -95 

0-38 

0-775 

1-173 

3-47 
3-41 
3-24 

Series  II. 


300 

320  -26° 

311-5 

0  -0984 

0  -0984 

320  -04 

0-056 

3-93 

317-3 

0-1475 

0  -2459 

319-8 

0-137 

3-36 

325-4 

0  -2192 

0 -4651 

319-35 

0-253 

3-60 

339  -0 

0-591 

1-056 

318-25 

0-553 

3-63 

351-5 

1-001 

2-057 

316-56 

1-04 

3-56 

364-0 

1-503 

3-56 

314-1 

1-736 

3-55 

374  -27 

1-008 

4-568 

312-86 

2-166 

3-41 

379  -27 

0-508 

5-076 

312  -88 

saturated 

Series  III. 


300 

320-54° 

310 

0-1127 

0-1127 

320  -31 

0  -0646 

3-56 

320 

0-093 

0-205 

320-14 

0  -1142 

3-50 

330 

0-521 

0-7258 

319-12 

0-3906 

3-63 

The  alloys  were  made  in  a  sealed  vacuous  tube.  The  copper  dis- 
solves at  a  faint  red  heat.  The  alloys  have  a  great  surface  curvature, 
and,  unlike  most  cadmium  alloys,  do  not  adhere  to  the  glass. 
Series  III  was  made  as  a  check  on  the  others  at  a  later  date,  when 
we  were  more  familiar  with  the  behaviour  of  cadmium  alloys. 


i 
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Table  XYI. — Zinc  in  Cadmium. 

Series  I. 

Thermometer,  Geissler. 


Weight 

of  cadmium 

in  block. 

Weights 

of  zinc 

added  in 

succession. 

Total 
weight  of 

zinc 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

zinc 
per  100  of 
cadmium. 

Atomic 
fall. 

101 -45 
112  -00 
122-0 

0-545 
0  -5784 

0-545 
1  -1234 

323 -4° 
321  -07 
319  -15 

0-81 
1-585 

2-76 
2-68 

Series  II. 
Thermometer,  Hicks'  15. 


800 
307  -2 


0-1146 


0  -1146 


320  -27° 
320  -09 


0-0656 


2-74 


These  falls  receive  a  reasonable  explanation  by  the  assumption 
that  the  body  is  Cd^t-Zng,  plus  a  certain  pressure  of  simpler  molecules 
necessary  to  maintain  equilibrium. 


Table  XVII. — Arsenic  in  Cadmium.. 
Thermometer,  Hicks'  15, 


Weight  of 
cadmium 
in  block. 

Weights  of 

arsenic 

added  in 

succession. 

Total 

weight  of 

arsenic 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

arsenic 
per  100  of 
cadmium. 

Atomic 
fall. 

300 
310 
320 
330 
340 
360 

0  -1710 
0  -2153 
0-1903 
0  -3285 

0-171 
0  -3863 
0  -5766 
0  -9051 
0  -9051 

320-56^ 
320-2 
319  -72 
319  -34 
319-2 
319-2 

0  -0823 
0-180 
0  -2606 
0  -397     "1 

4-37 
4-67 
4-68 

saturated 

The  molecule  in  solution  appears  to  contain  1  atom  of  arsenic. 


I 
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Table  XYIII. — Palladium  in  Cadmium. 
Thermometer,  Hicks'  15, 


Weight  of 
cadmium 
in  block. 

Weights  of 

palladium 

added  in 

succession. 

Total 

weight  of 

palladium 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
palladium 
per  100  of 
cadmium. 

Atomic 
fall. 

300 

310-3 

320-3 

330-3 

340-3 

355-3 

405-3 

0-167 

0-2155 

0-210 

0-200 

0-500 

0-167 
0  -3825 
0-5925 

0  -7925 

1  -2925 
1  -2925 

320  -45° 

320-3 

320-16 

320  -02 

319-9 

319  -82 

319-82 

0  -0565 

0-126 

0-195 

0-26 

0  -382     1 

2-65 
2  30 
2-24 
2-12 

saturated 

Table  XIX. — Silver'  in  Cadmium. 
Thermometer,  Hicks'  1-5. 


Weight  of 
cadmium 
in  block. 

Weights  of 

silver 

added  in 

succession. 

Total 
weight  of 

silver 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

silver 
per  100  of 
cadmium. 

Atomic 
rise. 

300 
310 
320 
330 
340 

0-082 
0-132 
0-110 
0  -1765 

0-082 
0-214 
0-324 
0-5005 

320 "42 
320-73 
321  -17 
321-47 
321  -99 

0-0275 
0-0695 
0-102 
0  1529 

11-27 
10-79 
10-30 
10-27 

The  experiments  could  not  be  carried  to  a  higher  concentration, 
because  the  hard  substance  which  separated  endangered  the  ther- 
mometer. It  appears  probable  that  the  body  which  separates  out  is 
not,  as  usual,  the  pure  solvent,  but  is  a  compound.  It  follows  from 
the  theory  that  if  the  body  separating  out  is  richer  in  silver  than  the 
solution,  the  freezing  point  would  rise.  We  have  strong  additional 
evidence,  from  the  behaviour  of  a  triple  alloy  of  silver,  cadmium,  and 
lead,  of  the  existence  of  this  compound.  The  phenomena  are  com- 
parable to  the  behaviour  of  the  triple  alloy  of  gold,  cadmium,  and 
tin  described  in  a  previous  paper  (Trans.,  1891,  59,  936).  We  hope 
shortly  to  publish  the  account  of  this  and  several  other  definite  com- 
pounds detected  by  the  same  method. 
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.    Table  XX. — Tin  in  Cadmium, 
Thermometer,  Geissler. 


Weight  of 
cadmium 
in  block. 

Weights  of 

tin 

added  in 

succession. 

Total 
weight  of 

tin 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

tin 
per  100  of 
cadmium. 

Atomic 
fall. 

112 

5J 

0-7816 

1-16 

1-17 

0-7816 

1-942 

3-112 

323  -25° 
320-15 
315 -93 
311  -85 

0-662 
1-644 
2-636 

4-68 
4-45 
4-33 

There  appears  to  be  no  evidence  of  combination,  and  the  dissolved 
molecule  is  monatomic. 


Table  XXI. — Antimony  in  Cadmium. 
Thermometer,  Hicks'  15. 


Weight  of 
cadmium 
in  block. 

Weights  of 
antimony 
added  in 

succession. 

Total 
weight  of 
antimony 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
antimony 
per  100  of 
cadmium. 

Atomic 
fall. 

300 

5> 

0-266 
0-397 
0-619 

0-266 
0-664 
1-283 

320  -49° 
320-12 
319  -61 
318  -82 

0-080 
0-194 
0-363 

4-62 
4-54 
4-60 

Table  XXII. — Flatinum  in  Cadmium. 
Thermometer,  Hicks'  15. 


Weight  of 
cadmium 
in  block. 

Weights  of 
platinum 
added  in 

succession. 

Total 
weight  of 
platinum 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

platinum 

per  100  of 

cadmium. 

Atomic 
faU. 

300 
310-7 
320-7 
331-3 

0-3006 
0  -3028 
0-3024 

0-3006 
0 -6034 
0-9058 

320-4° 
320-14 
319-92 
319  -80 

0  -0557 
0  1083 
0-1573 

4-67 
4-43 

saturated 

902 


HEYCOCK   AND   NEVILLE:   THE  LOWERING   OF    THE 


Table  XXIII. — Gold  in  Cadmium. 

Series  I. 

Thermometer,  Hicks'  15. 


Weight  of 
cadmium 
in  block. 

Weights  of 

gold 

added  in 

succession. 

Total 
weight  of 

gold 
in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

gold 
per  100  of 
cadmium. 

Atomic 
fall. 

300 

320-37'' 

310 

0-748 

0-748 

320-18 

0-137 

1-39 

321 

0-368 

1-116 

320  -09 

0-198 

1-41 

341 

2-918 

4-034 

319  -35 

0-682 

1-5 

Serie 

3  II. 

Thermometei 

',  Hicks'  15. 

300 

320  -65° 

0-570 

0-570 

320-49 

0-108 

1-48 

0-587 

1-157 

320-3 

0-219 

1-6 

1-033 

2-190 

320-0 

0-415 

1-57 

1-056 

3-246 

319-67 

0-615 

1-59 

1-072 

4-318 

319  -36 

0-818 

1-58 

1-041 

5-359 

319  -04 

1-016 

1-59 

1-805 

7-164 

318  -46 

1-358 

1-61 

2-189 

9  -354 

317  -74 

1-773 

1-64 

3-260 

12-614 

316-67 

2-390 

1-67 

4-135 

16  -749 

315  -22 

3-174 

1-71 

Series  III, 

Obtained  with  a  different  thermometer,  gave  almost  identical  atomic 
falls,  showing  the  same  tendency  for  the  value  of  the  atomic  fall  to 
increase  with  concentration. 

These  nnmhers  point  to  the  existence  of  a  molecule  (AuCd)3, 
together  with  some  free  atoms  of  gold,  sufficient,  with  the  practically 
constant  mass  of  cadmium  present,  to  maintain  the  equilibrium.  We 
have  succeeded  in  obtaining  a  compound  whose  percentage  com- 
position corresponds  to  the  empirical  formula  AuCd.  The  results  of 
these  experiments  are  published  in  an  appendix  to  this  paper. 
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Table  XXIV. — Mercury  in  Cadmium. 
Thermometer,  Hicks'  15. 


Weignt  of 

cadmium  in 

in  block. 

Weiglits  of 
mercury 
added  in 

succession. 

Total  weight 

of  mercury 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

mercury 

per  100  of 

cadmium. 

Atomic 
fall. 

300 

320-59° 

0-1528 

0  -1528 

320  -52 

0  -0285 

2-46 

0  -4802 

0-633 

320-3 

0-118 

2-46 

0-7582 

1-391 

319  -92 

0-259 

2-58 

1-742 

3-133 

319-05 

0-584 

2-64 

2-80 

5-933 

317  -59 

1-106 

2-71 

5-129 

11  -062 

314  -93 

2-063 

2-74 

6-57 

17  -632 

311  -59 

3-288 

2-74 

11-74 

29  -372 

305-5 

5-477 

2-76 

Table  XXV. — Thallium  in  Cadmium. 


Weight  of 

cadmium  in 

block. 

Weights  of 
txiallium 
added  in 

succession. 

Total  weight 

of  thallium 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
thallium 
per  100  of 
cadmium. 

Atomic 
fall. 

300 

0-518 
1-378 
0-718 
0-922 
7-299 

0-518 
1-896 
2-614 
3  -536 
30-835 

320-42° 
319  -98 
318-84 
318  -23 
317  -47 
311-84 

0-0948 
0  -3470 
0-479 
0-647 
1-983 

4-64 
4-55 
4-57 
4-56 
4-33 

Table  XXVI. — Lead  in  Cadmium. 
Thermometer,  Geissler. 


Weight  of 

cadmium  in 

block. 

Weights  of 
lead  added 

in 
succession. 

Total  weight 

of  lead  in 

block. 

Freezing 
point  of 
solution. 

Atoms  of 

lead 
per  100  of 
cadmium. 

Atomic 
fall. 

112-9 

1-742 
1-111 

1  -742 
2-853 

323  -0° 
319-35 
316-9 

0-837 
1-372 

4-36 
4-45 

904 
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Table  XXVII. — Bismuth  in  Cadmium. 
Thermometer,  Hicks'  15. 


Weight  of 

cadmium  in 

block. 

Weights  of 
bismuth 
added  in 

succession. 

Total  weight 

of  bismuth 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
bismuth 
per  100  of 
cadmium. 

Atomic 
fall. 

350 

320  -28° 

0-349 

0-349 

320  -04 

0  -0537 

4-47 

0-468 

0-817 

319  -72 

0-126 

4 '45 

0-900 

1-717 

319  -09 

0  -2644 

4-50 

1-601 

3-318 

317-93 

0  -5109 

4-60 

2-748 

6-066 

316  05 

0-9341 

4-53 

10-106 

16  -172 

309  -88 

2-490 

4-18 

2-33 

18-50 

308  -56 

2-849 

4-11 

5-46 

23-96 

305  -61 

3-690 

3-98 

LEAD     AS     SOLVENT. 


Table  XXVIII. — Sodium  in  Lead. 
Thermometer,  Hicks'  16, 


Weight  of 
lead  in 
block. 

Weights  of 

sodium 

added  in 

succession. 

Total  weight 

of  sodium  in 

block. 

Freezing 
point  of 
solution. 

Atoms  of 

sodium 

per  100  of 

lead. 

Atomic 
fall. 

400 

}» 
)) 

0-41 
0-47 
0  -513 
0-602 

0-41 
0-88 
1-393 
1-995 

327  -5° 
326  -35 
325  16 
323  -88 
322-46 

0-92 
1-974 
3-125 
4-475 

1-25 
1-19 
1-16 
1-13 

Table  XXIX. — Magnesium  in  Lead. 

Thermometer,  Miiller. 

Series  I. 


Weight  of 
lead  in 
block. 

Weights  of  1  Total  weight 
magnesium              of 
added  in     j    magnesium 
succession.    1      in  block. 

i 

Freezing 
point  of 
solution. 

Atoms  of 

magnesium 

per  100  of 

lead. 

Atomic 
fall. 

55 
65 

0-1075             0-1075 

1 
1 

326  -42" 
320-10 

1-404 

4-50 

Series  IL 

55 
60 

0-1015 

0 -1015 

326  -45 
319  -80 

1-436 

4-63 
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The  alloys  were  made  in  vacuous  hard  glass  tubes. 
The  magnesium  dissolves  in  the  lead  at  a  red  heat,  with  much 
incandescence,  and  reduction  of  the  glass. 
The  alloys  are  brittle. 

Aluminium  in  Lead. 

Aluminium  foil,  when  heated  with  lead  in  a  vacuum,  melts,  and 
mixes  freely  at  a  low  red  heat,  but  the  resulting  alloy,  when  dissolved 
in  more  lead,  did  not  cause  a  fall  in  the  freezing  point. 

Ramsay  (Sy stern  of  Inorganic  Chemistry,  p.  582)  says  that  aluminium 
and  lead  do  not  alloy.  The  phenomenon  may  be  analogous  to  that  of 
thallium  in  lead  {q.v.). 


Table  XXX. — Cojpjper  in  Lead. 
Thermometer,  Miiller. 


Weight  of 
lead  in 
block. 

Weights  of 

copper 

added  in 

sucuession. 

Total 

weight  of 

copper 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

copper 
per  100  of 

lead. 

Atomic 
fall. 

55 
60 
62 
67 

77 

0-02 
0-017 

0-02 
0  037 
0  037 
0-037 

326  -47° 
325  -80 
325-30   " 
325  30 
325  -48 

0-109 
r     0  -195 
|_  saturated 

0-157 

6-15 

1   6-0 
6-3 

Copper  dissolves  in  lead  in  a  vacuum  with  great  ease,  but  a  very 
small  quantity  saturates  lead  at  its  melting  point.  Ramsay  {loc.  cit., 
p.  587)  notes  the  fact  that  alloys  of  copper  and  lead  separate  into  two 
layers. 

Table  XXXI. — Zinc  in  Lead. 

Thermometer,  Hicks'  16. 


Weight  of 
lend  in 
block. 

Weights  of 

zinc 

added  in 

Total 

weight  of 

zinc  in 

block. 

Freezing 
point  of 
solution. 

Atoms  of 

zinc 
per  100  of 

Atomic 
fall. 

succession. 

lead. 

380 

327  -38° 

385 

0-312 

0  -312 

326-18 

0-256 

4-69 

395 

0-354 

0-666 

324-79 

0-532 

4-87 

4^5 

0-410 

1-076 

323  -12 

0-839 

5  08 

420 

0-434 

1-510 

321  -61 

1-136 

5-08 

435 

0-836 

2-346 

319  00 

1-704 

4-92 

450 

0-882 

3-228 

318-3 

2-267   "! 
2-5S9   J 

saturated 

465 

0-583 

3-811 

318-3 

VOL.  LXI. 
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Table  XXXII. — Arsenic  in  Lead. 

Thermometer,  Hickfi'  16. 

Series  I. 


Weight  of 
learl  in 
block. 

Weights  of 

arsenic 
added  in 

Total 

M^eiglit  of 

arsenic 

Freezing 
point  of 

sol  iit.inn 

Atoms  of 

arsenic 
per  100  of 

Atomic 
fall. 

succession. 

in  block. 

lea<?. 

390 

3-27  -2° 

395 

0-101 

0-101 

326  -85 

0 -0708 

4-94 

405 

0-230 

0-331 

325-85 

0-226 

5-97 

415 

0-216 

0-547 

325 -01 

0-364 

6  02 

425 

0-266 

0-813 

324  -08 

0-528 

5  9] 

440 

0  404 

1-217 

322-81 

0-763 

5-75 

455 

0-879 

2  096 

319-9 

1-271 

5-74 

470 

1-468 

3-564 

315  -48 

2-092 

5-60 

490 

4-507 

8-071 

303  -46 

4  -544 

5-22 

515 

7-053 

15-124 

291  -75 

8-102 

4-38 

Series  II  (made  with  arsenic  resublimed  in  a  vacuum  from  Na.iCOg). 


370 

327  -34° 

375 

0-514 

0-514 

3-25  -07 

0-378 

6-00 

385 

0-812 

1  326 

3-?l  -70 

0-950 

5-94 

410 

6-105 

7-431 

301-44 

5-00 

5-18 

Inasmuch  as  the  decrease  in  the  atomic  fall  with  increasing  con- 
centration is  very  regular  and  rapid,  the  assumption  of  a  gradual 
polymerisation  of  the  arsenic  molecule  appears  to  be  admissible. 


Table  XXXIII. — Palladium  in  Lead. 
Thermometer,  Miiller. 


Weight  of 

had 

in  block. 

Weights  of 
palladium 
added  in 

succession. 

Total 

weiyhtof 

palladium 

m  block. 

0-0992 
0-2484 
0-5899 

Freezing 
point  of 
solution. 

Atoms 

of  palladium 

per  100 

of  lead. 

Atomic 
faJl. 

55 
60 
62 
64 

0  -0992 
0  1492 
0  3415 

326  -33° 
324  -30 
321  28 
314-62 

0  -323 

0  7H2 
1-799 

6-29 
6-46 
6-51 

The  palladium  dissolves  readily  in  lead,  with  slight  incandescence. 
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Table  XXXIY. — Silver  in  Lead. 

Series  I. 

Thermometer,  Miillcr. 


Weight  of 

lead 
in  bljck. 

Weights  of 

silver 
added  in 
succession. 

Total 
weight  of 

silver 
in  block. 

Freezing 
point  of 
solution. 

Atoms 
of  silver 
per  100 
of  lead. 

Atomic 
falls. 

58 
60 
70 
80 

0-219 

0-219 
0-219 
0-219 

326-22° 

321  -88 

322  -60 

323  16 

0  -6996 
0-5998 
0  -5248 

6-20 
6  035 
5-83 

Series  II. 
Thermometer,  Hicks'  16. 


400 


0-167 
0-520 

1  204 
2-016 
3  242 
3-291 

2  088 


0-167 
0-687 
1-891 
3-907 
7-149 
10  44 
12  -528 


327 

-39° 

326 

-95 

325 

•42 

321 

99 

316 

-50 

308 

46 

302 

•9 

303 

•01 

0-08 

0-829 

0-903 

1-872 

3-425 

5-00 

6-00 


5-5 

5  99 

5-96 

5-82 

5  55 

i 

|4-90 

yj 

Table  XXXV. — Cadmium  in  Lead. 
Thermometer,  Hicks'  16. 


Weight  of 

lead 

in  block. 

Weights  of 

Total 

Freezing 
point  of 
solution. 

Atoms 

cadmium 

added  in 

succession. 

weight  of 
cadmium 
in  block. 

of  cadmium 
per  100 
of  lead. 

Atomic 
fall. 

400 

327  -38° 

0  -1875 

0-188 

327 -04 

0 -0865 

3-93 

0  2195 

0-407 

326  62 

0  188 

4  05 

0-535 

0-942 

325  -60 

0-435 

41 

1-008 

1-950 

323  -66 

0  900 

4  13 

2-314 

4  -264 

319  45 

1-967 

4-03 

2  360 

6-624 

315  -31 

3-059 

3-95 

4-010 

10-634 

308  58 

4-906 

3-83 

S  s  2 
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Table  XXXVI.— Tm  ifi  Lead. 

Series  I. 

Thermometer,  Miiller. 


Weight 

of  lead 

in  block. 

Weights   , 

of  tin 
added  in 
succession. 

Total 

weight  of 

tin  in 

block. 

Freezing 
point  of 
solution. 

Atoms  of 

tin  per 

100  of 

lead. 

Atomic 
fall. 

e 

0 

0-14 
0-136 
0-350 
1-063 
I  024 

0-14 

0-276 

0-626 

2  043 

3  067 

326  -34° 
325-55 
324-93 
323  -21 
316 -97 
312  -57 

0-408 
0-804 
1-823 
5-95 
8  93 

1-94 
1-75 
1-72 
1-61 
1-54 

Series  II. 
Thermometer,  Hicks'  16. 


400 

327-13° 

,, 

0-074 

0-074 

327-08 

0  -0324 

1-64 

5) 

0  -0675 

0  1415 

327  -01 

0  -0620 

1-45 

0-4165 

0-558 

326  -66 

0  -2444 

1-93 

0-443 

1-001 

326  -35 

0  -4384 

1-78 

0-502 

1-503 

325  -96 

0  -6583 

1-78 

)> 

3-137 

4-640 

323  -66 

2  032 

1-71 

5-151 

9-791 

320-15 

4-289 

1-63 

>) 

13  -422 

23  -213 

311-5 

10-167 

1-54 

13-922 

37-135 

303  -46 

36-265 

1-46 

5  015 

42-15 

300-8 

18  -462 

1-43 

16  089 

58-239 

293  -00 

25  -508 

1-34 

)> 

16  -672 

74-911 

285-87 

32-811 

1-26 

These  numbers   are  consistent  with  the  existence   of  a  molecule 
Pbj;Sn4,  in  equilibrium  with  free  Sn  and  Pb. 

Table  XXXVIT. — Antimony  in  Lead. 
Thermometer,  Miiller. 


Weight  of 
lead  ill 
block. 

Weights  of 
antimony 
added  in 

succession. 

Total  weight 

of  antimony 

in  block. 

Freezing 
point  ol' 
solution. 

Atoms  of 

antimony 

per  100  of 

lead. 

Atomic 
fall. 

55 
60 
62 
64 
08 

0-217 
0-368 
0-28 
0  -9925 

0-217 
0  585 
0-865 
1-858 

326  -28° 
323-8 
319  -91 
317-2 
308  -22 

0-622 
1-623 

2  325 
4-70 

3-98 
3  92 
3-9 
3-74 

The  antimony  w;is  a  pure  sample  from  tartar  emetic. 


FREEZING  POINTS  OF   CADMIUM,   BISMUTH,   AND  LEAD.      909 


Table  XXXYIII. — Platinum  in  Lead. 
Thermometer,  Miiller. 


Weight  of 
lead  in 
block. 

Weights  of 
platinum 
added  in 

succession. 

Total  weight 

of  platinum 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

platinum 

per  100  of 

lead. 

Atomic 
fall. 

60 
62 
64 
66 

68 

0  0865 
0  0935 
0-09 
0-1134 

0  0865 
0-18 
0-27 
0-3834 

326-16° 
325 -21 
324-21 
323  -38 
322  -38 

0-148 
0-299 
C-436 
0-6 

6-43 
6-5 
6-38 
6-3 

Table  XXXlX.—GoJd  in  Lead.. 

Series  I. 

Thermometer,  Miiller. 


Weight  of 

Weights  of 

Total  weight 

Freezing 

Atoms  of 

Atomic 
fall. 

lead  in 

gold  added 

of  gold  in 

point  of 

gold  per  100 

block. 

m  succession. 

block. 

solution. 

of  lead. 

53 

326  -4r 

)) 

0  192 

0-192 

323  -93 

0-38 

6-52 

„ 

0-195 

0-387 

3:il-75 

0-766 

6-1 

5-13 

0-9 

315  -55 

1-78 

6-1 

" 

5-21 

1-421 

309  -03 

2-81 

6  2 

Series  II. 
Thermometer,  Hicks'  16. 


400 

327  -42" 

0  -322 

0  322 

326  86 

0^-0845 

6-63 

0-310 

0-632 

326  -34 

0-1658 

6-51 

1-11 

1-742 

324-50 

0  -4568 

6-39 

3-675 

5-417 

318-30 

1  -421 

6-42 

4-034 

9-451 

311 -44 

2-479 

6-4« 

3-102 

12-553 

3u6  -26 

3-292 

6-43 

2-698 

15-251 

301  -67 

4-00 

6-44 

Series  II  was  carried  out  with,  purer  gold  than  Series  I.  As  in  the 
case  with  other  gold  alloys,  there  is  a  marked  constancy,  and  even  a 
tendency  to  rise,  visible  when  the  atomic  falls  are  plotted. 
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Table  XL. — Mercury  in  Lead. 
Thermometer,  Miilier. 


Weight  of 
lead  in 
block. 

Weights  of 
merfury 
added  in 

succession. 

Total  weight 

of  mercury 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 

mercury 

per  100  of 

lead. 

Atomic 
fall. 

60 

0  -424 

1-489 
2-007 

0-424 
1-913 
3  -920 

326  -38^^ 
323  -89 
315  -48 
301  -69 

0-729 

3-29 

6-74 

3-41 
3  31 
3-21 

These  numbers  point  to  a  molecule  containing  Hg2,  and  the  slow- 
rate  of  decrease  in  the  atomic  falls  may  indicate  union  with  the  lead. 

Thallium  in  Lead. 

ConsideraW«  quantities  of  thallium  were  at  different  times  alloyed 
with  lead,  Taut  no  change  in  the  freezing  point  could  be  detected. 


Table  XLI. — Bismuth  in  Lead. 
Thermometer,  Miilier. 


Weight  of 
lead  in 
block. 

Weights  of 
bismuth 
added  in 

succession. 

Total  weight 

of  bismuth 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
bismuth  per 
100  of  lead. 

Atomic 
fall. 

70 

326  -34° 

0-163 

0-163 

325-63 

0  229 

3-1 

0-238 

0-401 

324  -63 

0-563 

3-04 

0-536 

0-937 

322-35 

1-32 

3  02 

0-741, 

1-681 

319-2 

2-36 

3  02 

1-024 

2  -705 

314-95 

3-8 

2-99      ■ 

0-592 

3-297 

312  -61 

4-63 

2-96 

It  may  be  noted  that  although  the  concentration  in  the  last  experi- 
ment is  twenty  times  that  of  the  first,  there  is  practically  no 
decrease  in  the  atomic  fall.  Hence  in  this  case  there  is  no  condens- 
ation of  the  dissolved  molecule,  but  the  numbers  agree  with  the 
hypothesis  that  a  body  Pb^Bij,  or  perhaps  only  Bi2,  is  formed.  (See 
also  Table  XXXVI,  Tin  in  Lead.) 
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Table  XLII. — Showing  approximate  Atomic  Fall  of  different  Solvents 
for  Concentrations  of  about  1  atom  per  100. 


Metal  dissolved. 

Solvent. 

Sodium. 

Cadmium. 

Tin. 

Lead. 

Bismuth. 

A,  vide  l^ote  IT 

B,  vide  Note  II 

4-5 
37-43 

3  0 
25-6 

2-8 
2-8 
1-3 

2-4 
2-9 
2-9 
2-6 

2-9 

2-8 
2  4 
1-9 

Rise 
2  4 
2-9 

2*-4 
2-9 
2-8 
2-4 

6-5 
27-2 

2-08 
20-88 

1-2 
3*'6 

3-4 
3-6 

4- 5 

4'*5 

4-2 

4-5 
3-6 

V-r 

Rise 

10-3 

2-2 

4*-6 

4-6 
1-6 
4-5 
2-7 
4-5 
4-4 
4-5 

1-2 
4  6 

6-3 
51 
5-9 

6-0 
6-5 
4-1 

1-7 

3-9 
6-4 
6-4 
3-4 

No  effect 

3*0 

Sodiuni 

20 

Maffnesium 

Aluminium 

Potassium 

Nickel 

Copper 

1-2 

Zinc 

1-5 

Arsenic 

Silver 

0-8 
2-0 

Palladium 

2  0 

Cadmium 

2  0 

Indium 

Tin 

21 

Rise 
3  0 

G-old 

21 

Platinum 

Mercury 

2-1 
2-2 

Thallium 

2  0 

Lead 

2-1 

Note  I, — In  several  cases  a  concentration  of  1  atom  per  100  atoms  was  not 
reached. 

Note  II. — The  horizontal  row  of  numbers  marked  A  gives  the  fall  calculated  from 
Van't  Hoffs  theory  for  a  concentration  of  1  mol.  of  dissolved  metal  in  100 
atoms  of  solvent  (for  calculation  see  Trans.,  1890,  57,  390).  The  row  marked  B 
gives  the  corresponding  osmotic  pressure  in  atmospheres.  The  latent  heals  neces- 
sary for  calculating  the  numbers  in  row  A  were  taken  from  Person's  values  as  given 
by  Landolt.  G-.  Tammann  was  unable  to  find  any  recorded  values  of  the  latent  heat 
of  sodium,  but  gives  a  value  determined  by  himself  which  points  to  a  tetratomic 
molocule  for  metals  dissolved  in  sodium,  but  the  subject  perhaps  requires  further 
investigation. 


Appendix. 

From  the  foregoing  tables  it  will  be  seen  that  three  different  effects 
may  follow  from  alloying  metals  with  one  another. 
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A.  Ths  freezing  point  is  lowered,  as  in  most  of  the  cases  we  have 

observed. 

B.  The  freezing  point  is  raised,  e.g.,  silver  in  cadmium,  antimony 

in  tin,  antimony  in  bismuth. 

C.  The  freezing  point  is  unaffected,  e.g.,  thallium  in  lead,  aluminium 

in  lead  (?),  &c. 

In  order  to  show  that  Yan't  Hoff's  theory  is  sufficient  to  explain 
each  of  these  cases,  we  have  taken  a  typical  example  of  each,  and 
examined  the  solid  a,nd  fluid  part*  of  the  alloy  by  analysis. 

A.  Analysis  of  a  Gold-Lead  Alloy. 

To  show  that  in  the  case  where  a  fall  in  the  freezing  point  is 
produced,  the  first  portions  of  the  alloy  which  solidify  are  poorer  in 
the  dissolved  metal  than  in  the  fluid  part,  we  made  experiments  on 
an  alloy  of  lead  and  gold. 

For  this  purpose  we  melted  under  paraffin  147  grams  of  pure  assay 
lead  foil,  and  added  3  grams  of  precipitated  gold  ;  the  solution  was 
then  stirred  in  one  of  the  iron  blocks  until  it  just  began  to  solidify. 
The  alloy  was  then  poured  out  on  to  a  hot  iron  wire  gauze,  which 
retained  the  solid  part. 

The  solid  part  weighed  91  grams,  and  the  fluid  part,  which  ran 
through  the  strainer,  54  grams.  These  two  portions  were  then  sepa- 
rately melted  up,  stirred,  and  allowed  to  solidify  rapidly  so  as  to  get 
them  uniform.  The  gold  was  determined  by  crystallisation  in  the 
usual  way. 

Gold-Lead  Alloy. 


I 


Fluid  Part. 
Exp.    I.  3-090  alloy  gave  0*07  Au 
=  2-26  per  cent. 
11.  7-002  alloy  gave  0-1575 
Au  =  2-25  per  cent. 


Solid  Part. 
5-574    alloy   gave    0-096   Au    = 

1'72  per  cent.  Au. 
6-507   alloy   gave    0-113    Au    = 

1  74  per  cent.  Au. 


Hence  it  is  seen  that  the  fluid  part  contains  much  more  gold  than 
the  solid  part. 

By  this  method  of  experimenting  it  is  obvious  that  it  is  impossible 
to  obtain  pure  lead  free  from  the  adhering  mother  liquor.  The 
practical  method  of  obtaining  silver  from  lead  by  Pattinson's  method 
is  an  illustration  of  the  same  principle.  Roberts- Austen  {Introduc- 
tion to  Metallurgy,  p.  61,  et  seq.)  has  given  several  beautiful  examples 
of  the  same  kind. 

*  By  the  solid  part  we  mean  the  first  portion  of  the  alloy  to  solidify,  and  by  tlie 
fluid  part  the  later  portion  to  solidify. 
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B.  Analyses  of  a  Silver- Cadmium  Alloy. 

Since  alloys  of  silver  and  cadmium  freeze  at  a  higher  temperatnre 
than  pure  cadmium,  it  ought  to  follow  from  Van'fc  Hoff's  theory  that 
the  portion  solidifying  first  contains  m.ore  silver  than  the  more  fusible 
part.  So  that  by  the  crystallisation  of  the  first  portion  the  osmotic 
pressure  in  the  liquid  is  decreased  instead  of  being  increased,  as  in  the 
usual  case. 

To  test  this,  an  alloy  containing  141-76  grams  of  cadmium  and 
2*441  grams  silver  was  made,  and  after  complete  fusion  and  thorough 
stirring,  was  allowed  to  cool  slowly  until  a  considerable  portion  was 
solid.  An  attempt  was  then  made  to  pour  the  liquid  part  through 
fine  iron  wire  gauze,  but  the  alloy  was  too  cold,  and  only  0*947  gram 
ran  through  the  gauze.     This  fluid  part  was  labelled  Ai. 

The  mass  of  crystals  and  mother  liquor  lying  on  the  wire  gauze, 
and  labelled  Bi,  was  remelted  and  treated  as  before  by  pouring  on  to 
the  wire  gauze.  This  gave  a  fluid  part  of  about  25  grams,  labelled 
Aa,  that  ran  through  the  gauze,  and  a  solid  part,  labelled  Bg. 

In  addition  to  the  above  a  portion  of  solid,  weighing  10*04  grams, 
collected  on  the  stirrer,  labelled  B'2.  A  fragment  of  B2,  weighing 
8*888  grams,  was  reserved  for  analysis,  and  the  rest  melted  for  a  thii  d 
time  and  separated  by  means  of  the  gauze,  giving  a  solid  part  B2  of 
81*2  grams,  and  a  fluid  part  A3  of  7*47  grams. 

In  order  to  analyse  the  alloys,  they  were  dissolved  in  nitric'  acid, 
and  the  percentage  of  silver  in  them  determined  by  standard  am- 
monium sulphocyanate.  The  results  are  given  in  the  following  table. 
The  original  alloy  contained  1*69  per  cent,  of  silver. 


A, 0  '74  per  cent. 

Bi - 


1  '14  per  cent. 
1  -94 


Thus  it  is  clear  that  if  in  addition  we  could  allow  for  the  mother 
liquor  adhering  to  the  crystals  in  B2,  B'2,  and  B3,.  the  solid  parts  would 
be  found  much  richer  in  silver  than  the  original  alloy. 

This  result  is  exactly  in  accordance  with  what  theory  leads  us  to 
expect,  and  contains  the  explanation  of  those  abnormal  cases  in  which 
a  binary  alloy  has  a  higher  freezing  point  than  the  pure  solvent 
metal.* 


*  Bijlert  (7oc.  cit.)  lias  examined   the  analogous  case  of  antimony  in  tin  bj  a 
more  elaborate  method,  and  arrived  at  the  same  results. 
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C.  Analysis  of  a  Lead-Thallium  Alloy. 

An  alloy  of  Jead  and  thallinm  was  made  in  a  vacuous  tube,  and 
allowed  to  rest  at  one  end  of  the  tube  until  a  portion  had  solidified  ; 
the  liquid  part  was  then  poured  to  the  other  end  of  the  tube  and  also 
allowed  to  solidify.  The  two  parts  were  very  different  in  appearance, 
that  which  solidified  first  being  a  hollow  shell  with  a  crystalline 
interior,  whilst  the  part  which  had  been  poured  off  resembled  an 
ordinary  lump  of  lead.  On  analysis,  these  two  parts  proved  to  be 
identical  in  composition. 

Result  of  analysis  of  solid  and  fluid  part  of  the  above  described 
thallium-lead  alloy — 

Solid  portion 17 '69  per  cent,  thallium. 

Fluid  portion      17*67         „  „ 

It  is  thus  seen  that  when  an  alloy  of  thallium  and  lead  solidifies  there 
is  no  separation  whatever  of  the  constituents. 

The  estimation  of  the  thallium  in  the  alloys  was  made  by  means  of 
standard  permanganate  by  the  method  laid  down  by  Crookes,  in  his 
"  Select  Methods  of  Analysis."*  For  this  purpose  the  alloys  were 
dissolved  in  nitric  acid,  and  the  solution  evaporated  down  with 
sulphuric  acid ;  the  mixed  lead  and  thallic  sulphate  were  made  up 
to  a  litre.  Portions  of  100  c.c.  were  reduced  with  SO2,  and  boiled ; 
hydrochloric  acid  was  then  added,  and  the  titration  made  with  N/50 
permanganate  in  the  nearly  boiling  solution.  If  the  permanganate 
is  of  the  strength  stated  above,  and  the  solution  is  not  too  acid  with 
hydrochloric  acid,  the  results  are  very  sharp.  The  method  was  con- 
firmed by  blank  experiments  on  weighed  quantities  of  thallium  with 
lead.  We  propose  to  analyse  other  alloys  of  lead  and  thallium  in 
order  to  confirm  this  result. 

Sidney  Sussex  College,  Cambridge. 


LXXVII. — Isolation  of  a  Compound  of  Gold  and  Cadmium. 

By  C.  T.  Hbycock,  M.A.,  and  F.  H.  Neville,  M.A. 

The  experiments  made  by  us  on  triple  alloys  of  gold,  cadmium,  and 
tin,  described  in  the  Transactions  of  the  Chemical  Society,  1891, 
pp.  936 — 966,  led  to  the  conclusion  that  a  definite  compound  of 
cadmium  and  gold  was  formed. 

*  We  must  here  express  our  best  thanks  to  Mr.  C.  T.  R.  Wilson,  B.A.,  of  Sidney 
College,  for  carrying  out  this  part  of  the  work. 
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Bj  the  method  we  then  adopted,  we  were  unable  to  obtain  this 
compound  free  from  the  mother  liquor  from  which  it  was  produced. 
We  have  since  been  able  to  obtain  this  compound,  and,  after  several 
trials,  we  found  the  following  method  to  give  the  best  results. 

A  tube  of  the  hardest  combustion  glass,  about  6  in.  in  length,  was 
sealed  at  one  end,  and  bent  in  the  middle  at  a  very  obtuse  angle ;  in 
this  sealed  end  was  placed  a  weighed  quantity  of  pure  precipitated 
gold,  together  with  a  large  excess  of  cadmium  (three  or  four  times 
the  weight  of  cadmium  required).  The  open  end  of  the  tube  was 
then  drawn  off  to  a  narrow  neck,  and  the  tube  carefully  exhausted 
with  a  Sprengel  mercury  pump,  and  sealed  off.  In  order  to  ensure 
success,  it  is  necessary  that  the  vacuum  should  be  a  very  good  one, 
such  as  is  obtained  by  putting  sulphuric  acid  on  the  top  of  the 
mercury  in  the  pump.  When  complete,  the  tube  resembled  a 
Faraday's  tube  for  the  liquefaction  of  gases,  except  that  the  bend 
was  only  just  perceptible.  The  tube  was  then  arranged  in  a  com- 
bustion furnace  in  such  a  way  as  to  allow  the  cadmium  to  con- 
dense and  run  away  from  the  alloy.  After  the  cadmium  was 
melted,  the  tube  was  thoroughly  shaken  to  mix  the  cadmium  with 
the  gold.  The  moment  of  combination  and  solution  was  marked 
by  a  fairly  bright  incandescence  of  the  gold.  The  end  of  the 
tube  with  the  charge  was  then  heated  for  five  or  six  hours  to  a 
temperature  about  that  at  which  the  glass  began  to  be  pressed 
in,  when  the  excess  of  cadmium  slowly  and  regularly  distilled  off, 
until  towards  the  close  of  the  process  no  further  condensation  was 
apparent. 

The  gold  in  the  alloy  was  determined  by  digestion  with  successive 
quantities  of  nitric  acid  for  some  hours. 

Exp.  I.  Five  grams  of  precipitated  gold  was  sealed  up  with  about 
14  grams  of  cadmium.  After  distilling  off  the  excess  of  cadmium 
for  two  hours,  the  resulting  alloy  was  found  to  weigh  8*003  grams. 
This  alloy  was  broken  into  two  parts ;  one  part,  weighing  2"936  grams, 
gave  183  grams  of  gold  =  6233  per  cent.  Au. 

Exp.  II.  The  other  part  of  the  above  alloy,  weighing  5*026  grams, 
was  again  sealed  in  a  vacuous  tube,  and  redistilled  for  two  hours, 
when  a  little  cadmium  passed  over;  the  resulting  alloy  weighed 
4*779  grams,  and  yielded  3*1405  grams  of  gold  =  657  per  cent.  Au. 

Exp.  III.  Five  grams  of  gold  and  20  grams  of  cadmium,  after 
distilling  for  six  hours,  gave  an  alloy  weighing  7841  grams. 

A  portion  of  this  alloy,  weighing  3*4995  grams,  gave  2372  grams  of 
gold  =  63*92  per  cent.  Au. 

Hence  the  three  fairly  concordant  experiments  gave  a  mean  value 
for  the  percentage  of  gold  in  the  compound  =  63*98,  which  corre- 
sponds to  the  empirical  formula  AuCd. 
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Per  cent.  Au 
Per  cent.  Au  found.  calculated  for  AuCd. 

63-98  68-71 

Tie  alloy  of  cadmium  and  gold  is  of  a  greyish  and  silvery  white 
appearance,  somewhat  like  cadmium.  It  is  very  brittle,  and  has  a 
highly  crystalline  fracture,  it  is  scarcely  attacked  by  cold  nitric 
acid  (1  acid  to  1  water),  but  is  readily  acted  on  by  hot  nitric  acid, 
or  hot  hydrochloric  acid,  leaving  the  gold  in  the  shape  of  the  original 
ingot. 

The  immediate  interest  of  this  compound,  for  us^  is  that  it  confirms 
the  supposition  we  brought  forward  last  summer  to  account  for  the 
remarkable  behaviour  of  gold  and  cadmium  when  dissolved  in  tin. 

We  have  not  at  present  been  able  to  prepare  a  compound  richer  in 
cadmium  than  AuCd,  although  our  previous  experiments  gave  strong 
indications  that  such  a  body  exists. 

Sidney  Sussex  College  Lahoratori/, 
Cambridge. 


LXXVIII. — The  Uesins  of  Ficus  ruhiginosa   and  Ficus  macrophylla. 
(Preliminary  Notice.) 

By  Edward  H.  Rennie,  D.Sc.  (Lond.),  Professor  of  Chemistry  in  the 
University  of  Adelaide,  and  G.  Goyder,  Jun. 

In  the  year  1859,  De  la  Rue  and  Miiller  communicated  a  paper  to 
the  Royal  Society  (Phil.  Trans.,  1860,  43),  in  which  they  described 
the  results  of  an  examination  of  the  resin  of  Ficus  ruhiginosa.  A 
sample  of  this  resin,  which  had  been  sent  to  the  Paris  Exhibition  of 
1855,  was  brought  under  their  notice  by  Sir  Wm.  McArthur.  They 
separated  from  it : — (1)  a  resinous  portion  readily  soluble  in  cold 
alcohol  (73  per  cent.)  ;  (2)  a  white,  crystalline  portion,  readily  soluble 
in  warm  alcohol  (14  per  cent.) ;  and  (3)  caoutchouc,  &c.  (13  per  cent.). 
The  resinous  portion  soluble  in  cold  alcohol  was  but  little  investigated, 
owing  to  difficulties  met  with  in  attempts  to  purify  it.  The  crystal- 
line material  yielded  two  substances,  one  in  very  small  quantity  (too 
small  for  detailed  examination),  and  a  second  in  comparatively  large 
quantity,  which  was  found  to  contain 

Carbon    7911  and  79-08  per  cent. 

Hydrogen    10-23     „     10-34 
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The  formula  C20H16O2  (old  notation)  was  therefore  ascribed  to  it,  and 
it  was  named  sjcocerjl  acetate,  because  on  hydrolysis  it  yielded 
acetic  acid  and  an  alcohol  to  which  the  name  sycoceryl  alcohol  was 
given.  In  order  to  obtain  the  acetate  pure,  De  la  Rue  and  Miiller 
first  repeatedly  crystallised  their  material  from  hot  alcohol,  then  they 
partially  dissolved  it  in  ether  at  30'^,  and,  having  allowed  the  ethereal 
solution  to  cool,  filtered  off  a  small  quantity  of  flocculent  matter  (the 
other  crystalline  substance  above  referred  to  as  present  in  small 
quantity).  On  distilling  off  the  ether,  crystals  were  obtained  which 
were  apparently  pure.  These  crystals  were  very  similar  to  those  of 
cholesterol,  and  melted  at  from  118"  to  120°.  On  hydrolysis,  the  sub- 
stance yielded  acetic  acid,  and  an  alcohol  which  was  purified  simply 
by  recrystallisation  from  warm  alcohol.  It  is  described  as  melting  at 
about  90°,  and  as  crystallising  in  spherical  masses  resembling  wavel- 
lite.     The  numbers  obtained  on  combnstion  were  as  follows : — 

Carbon    82-94  and  81-85  per  cent. 

Hydrogen 11-57     „     11-20 

De  la  Rue  and  Miiller  state,  however,  that  on  one  occasion  they 
obtained  on  hydrolysis  a  substance  closely  resembling  that  just 
described,  but  giving  on  combustion 

Carbon    84-81  and  84*50  per  cent. 

Hydrogen    11-76     „     11-87 

and  they  suggest  that  this  may  be  the  ether  corresponding  to  the 
alcohol. 

It  has  been  thought  necessary  to  give  this  brief  resume  of  the  work 
of  De  la  Rae  and  Miiller  for  the  sake  of  comparison  with  the  results 
obtained  by  us  in  the  examination  of  very  similar  products. 

Some  three  years  ago,  through  the  kindness  of  Mr.  J.  H.  Maiden, 
Curator  of  the  Technological  Museum  in  Sydney,  one  of  us  received 
a  small  quantity  of  the  liquid  which  exudes  from  Ficus  ruhiginosa 
when  the  tree  is  punctured  or  wounded.  After  evaporation  on  the 
water-bath,  an  excessively  sticky  mass  remained,  which  looked  very 
unpromising.  It  yielded  some  soluble  matter  to  alcohol,  and  was 
finally  extracted  thoroughly  with  boiling  alcohol,  leaving  a  residue 
resembling  caoutchouc,  which  was  not  further  examined.  The 
alcoholic  extract  did  not  deposit  any  crystalline  matter  on  cooling, 
but,  on  dilution  or  evaporation,  a  nearly  white  substance  was  ob- 
tained, from  which,  so  far  as  the  experiments  went,  no  crystalline 
substance  could  be  separated.  It  was  therefore  boiled  with  alcoholic 
potash  ;  on  dilution,  a  white  substance  separated,  which,  to  all  out- 
ward appearance,  was  the  same  as  the  original,  and  showed  no  signs 
of  crystallisation.     The  alkali  solution,  however,  was  found  to  yield. 
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on  acidification,  a  small  quantity  of  cinnamic  acid,  which  was  identi- 
fied by  its  actions  and  melting  point.  An  ethereal  extract  of  the 
alkaline  solution,  after  boiling  off  the  alcohol,  and  subsequent  evapo- 
ration, left  a  residue  with  a  distinct  smell  of  hyacinths.  Possibly, 
therefore,  traces  of  cinnamic  alcohol  had  been  formed  during  hydro- 
lysis, but  if  so  there  was  not  sufficient  for  identification.  The  juice 
obtained  from  Ficus  ruhiginosa,  therefore,  if  it  contain  the  crystalline 
substances  above  described,  does  not  readily  yield  them  in  a  crystal- 
line form.  Possibly  a  more  careful  examination  would  give  more 
satisfactory  results,  but  as  a  quantity  of  the  dried  resin  came  to  hand 
and  promised  much  better  results,  our  attention  was  directed  to  it. 

We  are  indebted  to  Mr.  Maiden  also  for  a  supply  of  the  dried 
resin  both  of  Ficus  ruhiginosa  and  Ficus  macrophylla.  We  first 
directed  our  attention  to  the  former.  A  preliminary  experiment 
having  convinced  us  that  crystalline  substances  were  present,  the 
resin  was  extracted  with  boiling  strong  alcohol  till  nothing  more 
could  be  dissolved.  The  residue  consisted  of  a  substance  resembling 
caoutchouc  (not  further  examined),  fragments  of  bark,  &c.  The 
alcoholic  extracts,  on  cooling,  deposited  impure  crystals,  which  were 
then  repeatedly  crystallised  from  boiling  alcohol.  The  second  crys- 
talline substance  described  by  De  la  Rue  and  Miiller  as  obstinately 
adhering  to  the  sycoceryl  acetate  was  not  observed  by  us,  nor,  on  dis- 
solving in  ether  at  30°  as  recommended  by  them,  did  any  flocculent 
substance  separate  as  the  ether  cooled.  In  fact,  by  repeated  crystal- 
lisation from  boiling  alcohol,  a  substance  was  obtained  which 
appeared  homogeneous  under  the  microscope,  and  the  melting  point 
of  which  seemed  to  be  constant  after  further  crystallisation.  In 
order  to  determine  the  melting  point,  the  purified  crystals  were  crys- 
tallised twice  more  from  boiling  alcohol  (nearly  absolute).  They 
then  melted  at  120 — 121°.  After  a  third  crystallisation  from  the 
same  medium,  the  melting  point  remained  the  same.  The  substance 
thus  obtained  exhibited  the  closest  external  resemblance  to  the 
sycoceryl  acetate  described  by  De  la  Rue  and  Miiller,  except  that  the 
melting  point  found*  by  us  was  slightly  higher  than  that  given  by 
them.  It  formed  shining  plates,  often  six-sided,  and  much  resem- 
bled cholesterol  in  appearance. 

An  examination  of  the  resin  from  F.  macrophylla  gave  precisely 
similar  results  in  so  far  as  this  crystalline  substance  was  concerned, 
but  no  comparison  has  yet  been  made  between  the  two  samples  of 
resin  to  ascertain  whether  or  not  there  are  other  differences.  The 
crystalline  substance  obtained  from  F.  macrophylla  was  shown  to  be 
identical  with  that  from  F.  ruhiginosa,  by  its  appearance,  melting 
point,  reactions,  and  analysis. 

On  submitting  it  to  combustion,  however,  numbers  were  obtained 
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whicli  differed  very  considerably  from  those  obtained  by  De  la  Rue 
and  Miiller.  Our  numbers  lead  to  the  formula  C34H56O0,  a  result 
which  is  confirmed  by  experiments  to  be  presently  described. 

Theory  for  From  F.  ruhiginosa. 

Carbon*. 82-26  82-59  82'04         81-64 

Hydrogen 11*29  1093  11-63         11-45 

Oxygen 6-45  6-48  —  — 

100-00  100-00 

From  F.  macrophylla. 


TTI.  IV.           V.  VI.  VII. 

Carbon* 81-85  81*81  82-24  82-15  82  02 

Hydrogen 11-54  lost  1120  11*25  1150 

Oxygen —  —          —           —           — 

It  will  be  seen  that  the  figures  for  carbon  are  about  3  per  cent.,  and 
those  for  hydrogen  about  1  per  cent,  higher  than  those  obtained  by 
De  la  Rue  and  Miiller  for  the  substance  they  examined.  Of  course, 
the  numbers  do  not  definitely  decide  between  the  alternative  formuljB 
given  by  us,  but  as  far  as  they  go  they  favour  the  formula  C34H5fi02, 
and  this  formula  is  further  confirmed  by  the  results  of  the  combus- 
tions of  the  alcohol  obtained  by  hydrolysis. 

On  warming  with  alcoholic  potash  or  soda,  the  compound  was 
readily  hydrolysed,  and  the  liquid,  on  cooling,  deposited  another 
substance,  which  crystallised  in  spherical  masses  of  needles,  just 
as  described  by  De  la  Rue  and  Miiller,  acetic  acid  being  formed 
at  the  same  time.  The  crystalline  mass  was  filtered  off  and  recrys- 
tallised  several  times  from  very  strong  alcohol ;  in  fact,  till  the  melt- 
ing point  was  not  altered  by  further  crystallisation.  It  then  melted  at 
114°,  a  temperature  considerably  higher  than  that  given  for  the 
substance  obtained  by  De  la  Rue  and  Miiller  (about  90°).  On  com- 
bustion, it  gave  results  differing  considerably  from  those  first  obtained 
by  the  authors  just  named,  but  agreeing  fairly  well  with  those  given 
by  a  substance  which  they  obtained  on  one  occasion  by  hydrolysis 
(vide  supra).     The  following  are  the  numbers  : — 


*  It  is  usual  to  give  the  actual  analytical  figures  in  these  cases,  but  in  the  present 
in-tance  the  paper  was  written  during  a  holiday  at  a  distance  fix)ni  Adelaide,  and 
in  the  notes  hastily  written  down  for  the  purpose  from  the  note-books,  it  happened 
that  onV  the  results  were  transcribed.  The  same  remark  applies  to  the  combustion 
of  sycocerylic  alcohol  given  further  on  in  the  paper. — E.  H.  E. 
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Theory  for 


C.2H54O. 

C,,lir,,0. 

I. 

II. 

ITT. 

Carbon  .... 

. .      84-58 

84-95 

84-67 

84-45 

84-20 

Hydrogen.  . 

..      11-89 

11-50 

1211 

12-03 

11-98 

Oxygen 

3-53 

3-55 

— 

— 

— 

100-00       10000 

These  figures  favour  the  formula  CaaHsiO  rather  than  the  other, 
and  therefore  so  far  confirm  the  formula  C34H5fi02  for  the  acetate. 

In  order  to  ascertain  whether  acetic  acid  was  formed  during^ 
hydrolysis,  a  portion  of  the  original  substance  was  warmed  with 
alcoholic  soda,  the  alcohol  distilled  off,  the  residual  liquor  filtered, 
and  the  filtrate  acidified  with  pure  sulphuric  acid  and  distilled.  The 
distillate,  on  neutralisation  with  barium  carbonate,  yielded  a  soluble 
barium  salt  w^hich  behaved  as  barium  acetate,  and  was  analysed  with 
the  following  result : — 

0-5045  gram  of  substance  gave  0-4645  gram  BaS04  =  0*27312  gram 
of  barium  =  54-13  per  cent. 

Theory  for  BaCCsHgOaja 53-72  per  cent. 

A  weighed  portion  of  the  acetate  was  then  taken  and  hydrolysed  as 
above,  but  the  crystalline  substance  was  carefully  extracted  (after 
distilling  off  the  alcohol)  by  ether,  the  ethereal  solution  put  into  a 
w^eighed  flask,  and  the  ether  distilled  off.  The  residue  was  first  dried 
as  far  as  possible  at  100°,  then  just  melted,  air  being  gently  blown 
into  the  flask  till  it  no  longer  lost  weight.  The  following  are  the 
figures  : — 

38844  grams  of  the  acetate  gave  3-6045  grams  of  the  product  of 
hydrolysis  =  92-8  per  cent. 

The  equation 

C34H56O2  +  NaOH  =  C32H54O  +  CHa-COOlSra 

requires  91'53  per  cent.,  a  very  fair  result,  considering  the  difficulties 
of  the  operation.  A  similar  equation  for  substances  having  the 
compositions  of  those  examined  by  De  la  Rue  and  Miiller  would 
'require  86-18  per  cent. 

Molecular  weight  determinations  of  the  product  of  hydrolysis  were 
then  made  by  Raoult's  freezing  point  method.  The  following  are  the 
details,  acetic  acid  being  used  as  the  solvent : — 

I.  Weight  of  substance  taken    ..        0-1725  gram. 
„  solvent  „        •»      24033     grams. 
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Freezing  point  of  solvent  (arbitrary  scale)      1'448'' 

„  „         solution  „  1'377° 

Actual  depression  of  freezing  point 0'063° 

Therefore,  using  the  constant  3860  given  by   Ostwald  for  acetic 

acid  — 

Af  1       1  •  -u.        3860  X  0-1725  .on 

Molecular  weight  =  -    ^  ^^     — ^^  ^  ^^-  =  439. 
"^  0-063  X  24-033 

II.  Weight  of  substance  taken    . .        0-175  gram. 
,,  solvent  „        . .      23-595  grams. 

Freezing  point  of  solvent  (arbitrary  scale)     2-660° 

„  „         solution  „  2-592° 

Actual  depression  of  freezing  point 0-06S° 

Therefore,  as  above,  molecular  weight 

_     3860  X    0-175    _  ,01 
0-068  X  23-595  ~ 

These  figures  come  very  fairly  near  that  calculated  for  the  formula 
C32H54O,  namely  454,  considering  that  a  difference  of  0*01°  would 
malie  a  difference  of  about  70  in  the  molecular  weight.  The  formula 
for  the  substance  described  by  De  la  Rue  and  Miiller,  CigHaoO,  would 
require  a  molecular  weight  of  262. 

We  propose  to  submit  these  substances  to  a  closer  examination, 
and  to  study  their  oxidation  products.  Experiments  are  now  in 
progress  having  these  objects  in  view. 

The  mother  liquors  from  the  earlier  crystallisations  of  the  acetate 
deposited  on  standing  an  apparently  amorphous  substance,  also  some 
long  needles.     These  substances  have  not  yet  been  examined. 


LXXIX. — Fluosulphonic  Acid, 


By  T.  E.  Thorpe,  F.R.S.,  and  Walter  Kirman,  Assoc.  Roy.  Coll. 
Science,  South  Kensington. 

Liquid  hydrogen  fluoride,  as  Gore  has  shown,  acts  with  great  violence 
upon  liquid  sulphur  trioxide ;  when  care  is  taken  to  mix  the  two  sub- 
stances in  the  proper  proportions,  and  at  as  low  a  temperature  as 
possible,  we  find  that  the  product  is  a  mobile,  colourless  liquid,  which 
comports  itself  like  the  chlorosulphonic  acid  discovered  by  Williamson, 
and  which  therefore  may  be  conveniently  tQVinedi  jiuosulphonic  acid. 
In  order  to  prepare  fluosulphonic  acid,  we  made  use  of  the  platinum 
VOL.   LXI.  3  T 
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apparatus  already  employed  by  one  of  us,  in  conjunction  with  Mr.  F.  J. 
Hambly,  in  the  preparation  of  the  liquid  hydrogen  fluoride  required 
ior  the  experiments  on  the  vapour  density  of  this  substance  (Trans., 
1889,  55,  163).  A  quantity  of  sulphur  trioxide,  obtained  by  gently 
heating  a  mixture  of  sulphuric  anhydride  (procured  from  Messrs. 
Chapman  and  Messel)  and  phosphoric  oxide,  was  distilled  into  the 
receiver,  the  weight  of  which  was  known.  After  again  weighing,  by 
which  the  amount  of  sulphur  trioxide  present  was  ascertained,  tbe 
receiver  was  connected  with  the  retort  in  which  was  heated  a  quan- 
tity of  the  double  fluoride  of  hydrogen  and  potassium.  The  con- 
densing tube  and  receiver  were  cooled  by  a  mixture  of  ice  and  calcium 
chloride.  The  double  fluoride  was  used  in  such  quantity  that  the 
presence  in  the  receiver  of  an  excess  of  hydrogen  fluoride,  over  and 
above  the  amount  needed  to  form  the  compound  S02(0H)F,  could  be 
ensured,  as  demonstrated  by  again  weighing  the  receiver.  In  order 
to  remove  the  uncombined  hydrogen  fluoride,  the  receiver  and  its 
contents  were  heated  to  a  temperature  between  25°  and  35°,  and  a 
stream  of  dry  carbon  dioxide  wns  passed  through  the  liquid.  In  one 
of  the  preparations  a  sample  weighing  about  60  grams  lost  in  weight 
by  this  treatment  as  follows: — After  4J  hours,  2'1  grams;  after  6 
hours  more,  0*85  gram  ;  after  2  hours  further  treatment,  0*4  gram ; 
and  after  6  hours  additional  treatment,  during  which  time  the 
current  of  carbon  dioxide  was  occasionally  very  rapid,  1'5  grams.  A 
portion  of  this  loss,  especially  at  the  later  stages,  is  doubtless  due  as 
much  to  the  volatilisation  of  the  fluosulphonic  acid  as  to  the  dissipa- 
tion of  any  dissolved  hydrogen  fluoride.  After  the  second  period,  an 
analysis  of  the  liquid  showed  that  the  ratio  of  SO3  to  HF  was  1  to 
1'15.  After  the  last  period,  the  mean  of  two  concordant  analyses 
gave  the  ratio  1  to  1*13. 

The  analysis  of  fluosulphonic  acid  is  attended  with  some  little 
difBi^ulty,  owing  to  the  extraordinary  energy  with  which  the  substance 
reacts  with  water ;  the  decomposition,  indeed,  is  almost  explosive  in 
violence.  The  best  method  of  operating  we  found  to  be  as  follows  : — 
About  1  c.c.  of  the  liquid  was  poured  into  a  small  platinum  tube, 
which  was  allowed  to  slide  into  distilled  water,  contained  in  a 
platinum  bottle  of  such  dimensions  that  the  water  did  not  come  in 
contact  with  the  liquid  so  long  as  the  bottle  remained  vertical.  The 
bottle  was  then  tightly  closed  by  means  of  a  caoutchouc  stopper,  and 
S'lrrounded  by  ice.  After  some  time  the  bottle  was  carefully  tilted 
in  such  a  manner  that  the  liquids  were  caused  to  mix.  After  the 
violent  reaction  was  at  an  end,  and  after  standing  for  some  time,  the 
solution  was  poured  into  a  platinum  dish,  and  its  acidity  deter- 
mined by  titration  with  a  standard  solution  of  pure  soda,  after  which 
the  sulphuric  acid  was  precipitated  by  the  addition  of  barium  chloride 
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and  hydrocliloric  acid.  The  barium  sulphate  after  weighing  was 
tested  for  any  admixed  fluoride ;  if*  present,  its  amount  was  deter- 
mined by  heating  with  pure  sulphuric  acid,  igniting,  and  again 
weighing.  The  increase  in  weight  was  due  to  the  conversion  of 
BaFg  into  BaS04,  so  that  by  subtracting  the  weight  of  BaFg  equiva- 
lent to  this  change  from  the  first  weight  of  the  precipitate,  the  real 
amount  of  BaSOi  was  obtained,  and  hence  the  amount  of  SO3.  The 
total  acidity  of  the  solution  was  determined  in  terms  of  SO3;  the 
difference  gave  the  SO3  equivalent  of  the  hydrofluoric  acid.  The 
amount  of  barium  fluoride  precipitated  with  the  barium  sulphate 
varied  between  0'8  and  I'S  per  cent,  of  the  weight  of  the  precipitate. 
The  results  of  an  analysis  made  by  this  method  gave — 

SO3 1-0891  grams. 

HF 0-3053       „ 

Or  1  mol.  SO3  to  1-11  mols.  HF. 

Of  a  later  preparation  two  analyses  gave — 

SO3 0-8797  gram.         0*7871  gram, 

HF 0-2516      „  0-2196      „ 

being  in  the  proportion  of  1   mol.  SO3  to  114  and  1*12  mols.  HF 
respectively. 

In  order  to  determine  the  boiling  point  of  the  fluosulphonic  acid, 
a  small  platinum  retort  was  fitted  to  the  condensing  tube  of  the 
hydrofluoric  acid  apparatus.  The  retort  was  provided  with  a  neck 
into  which  was  ground  a  thin  platinum  tube  closed  at  the  bottom, 
to  serve  as  a  case  for  the  thermometer.  When  distilling  water  in 
this  apparatus,  the  thermometer  used  indicated  99-3°  under  a  baro- 
metric pressure  of  764!'6  at  17°.  As  the  true  boiling  point  of  water 
under  these  conditions  is  100*2°,  the  correction  was  +09.  About 
30  grams  of  fluosulphonic  acid  was  poured  into  the  retort,  and  care- 
fully heated.  The  temperature,  as  read  from  the  thermometer,  rose 
rapidly  to  158°,  and  then  slowly  increased  to  160°,  at  which  tempe- 
rature almost  the  whole  of  the  liquid  distilled  over.  The  results  of 
four  different  distillations  corrected  for  scale  error  and  emergent 
column  gave — 

(1)  163-3°;  (2)  162-3°;  (3)  162-0°;  (4)  162-9°. 

Hence  the  boiling  point  of  fluosulphonic  acid  may  be  taken 
without  sensible  error  as  162-6°,  the  mean  value  of  the  foregoing 
determinations. 

In  reality  fluosulphonic  acid,  like  chlorosulphonic  acid,  cannot  be 
distilled  without  more  or  less  decomposition.     It  tJjen  in  all  prob- 

3  T  2 
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ability  forms  a  greater  or  less  quantity  of  sulplmryl  difluoride, 
analogous  to  the  sulphuryl  dichloride  obtained  by  Behrend  by  heat- 
ing chlorosulphonic  acid  under  pressure — 

2S02-0-HF  =  S0,F2  4-  SOJI,. 

The  evidence  for  this  supposition  is  furnished  by  the  facts  that  the 
ratio  of  HF  to  the  SO3  in  the  distillate  is  continually  increased  by 
successive  distillations,  and  that  there  is  invariably  a  residue  of 
sulphuric  acid  left  in  the  retort  at  the  conclusion  of  the  operation. 
SO2F2  on  decomposition  by  water  would,  of  course,  yield  the  ratio 
ISO3  to  2HF. 

Thus,  after  expulsion  of  excess  of  HF  by  dry  carbon  dioxide,  the 
ratio  of  SOs  to  HF  was  1  to  1*1 ;  after  several  distillations,  the  ratio 
was  1  to  1'37.  In  a  second  series  of  observations,  the  ratio  of  SO3 
to  HF  before  distillation  Avas  1  to  1'13  ;  after  distillation  it  was  1  to 
1'32  and  I'oO  (2  analyses).  The  redistilled  liquid  was  found  to  pass 
over  at  163'6,  which  is  but  slightly  higher  than  the  mean  of  the 
several  boiling  points  given  above. 

We  haveJittle  doubt  that  sulphuryl  difluoride  might  be  readily 
obtained  by  Behrend's  method  ;  that  is,  by  heating  fluosulphonic  acid 
in  a  sealed  platinum  vessel  to  a  sufficiently  high  temperature. 

Fluosulphonic  acid  is  a  thin,  colourless  liquid,  which  fumes  in  the 
air,  and  boils  with  slight  decomposition  at  162'6°.  It  has  a  faint, 
pungent  smell,  and  has  but  little  action  on  the  dry  skin;  it  feels 
greasy  to  the  touch,  and  is  without  the  intense  blistering  action  of 
liydrogen  fluoride.  It  slowly  attacks  glass,  more  rapidly  in  pre- 
sence of  moist  air ;  it  quickly  acts  on  lead,  forming  lead  sulphate  and 
fluoride. 

It  is  noteworthy  that  fluosulphonic  acid  boils  at  a  considerably 
higher  temperature  than  its  analogue  chlorosulphonic  acid,  the  boiling 
point  of  which  was  found  by  one  of  us  (Thorpe,  Trans.,  1880,  37, 
358)  to  be  155"3°.  This  fact  is  possibly  connected  with  the  relatively 
high  boiling  point  of  hydrogen  fluoride  as  compared  with  that  of 
hydrogen  chloride. 
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LXXX. — Note  on  the  Interaction  of  Iodine  and  Potassium  Chlorate. 

By  T.  E.  Thorpe,  F.R.S.,  and  George  H.  Perry,  Assoc.  Roy.  Coll. 

Science. 

The  interaction  of  iodine  and  potassium  cMorate,  first  employed 
by  Berzelius  for  the  preparation  of  iodine  monochloride,  is  usually 
represented  by  the  equation 

3KCIO3  +  I2  =  KCIO4  +  KCl  +  KIO3  +  ICl  +  O2. 

We  find,  however,  that  when  an  intimate  mixture  of  iodine  and 
potassium  chlorate,  in  the  proportions  demanded  by  the  above 
equation,  is  heated,  not  only  is  the  yield  of  iodine  monochloride 
invariably  very  far  below  the  theoretical  amount,  but  that  much  of 
what  actually  is  formed  is  converted  into  the  solid  trichloride,  and 
t!iat  free  chlorine  and  more  or  less  iodic  anhydride  are  often  simul- 
taneously formed.  These  facts  seem  to  show  that  the  actual  change 
is  yevy  imperfectly  indicated  by  the  equation  above  given. 

Careful  quantitative  experiments,  so  arranged  that  the  various 
products  of  the  change,  both  fixed  and  volatile,  could  be  estimated, 
have  shown  that,  in  reality,  the  primary  and  main  reaction  between 
iodine  and  potassium  chlorate  is  a  simple  metathesis : — 

2KCIO3  +  I2  =  2KIO3  +  CI2. 

The  chlorine  so  liberated  attacks  any  iodine  that  is  not  within  the 
"sphere  of  action"  of  the  heated  chlorate,  and  forms  more  or  less 
mono-  and  tri-chloride  of  iodine,  in  amounts  depending  upon  the 
temperature  and  mode  of  heating.  When  care  is  taken  not  to  heat 
the  mixture  to  a  higher  temperature  than  is  actually  necessary  to 
effect  the  above  change,  the  saline  residue  contains  only  traces  of 
potassium  chloride  and  perchlorate,  which  seems  to  indicate  that 
these  substances  are  not  really  products  of  the  direct  action,  but  are 
formed  by  local  supeiheating  of  the  chlorate,  with  evolution,  of 
course,  of  oxygen,  and  consequent  formation  of  iodine  pentoxide. 
By  careful  management,  it  is  possible  to  convert  practically  the  wIkjIc 
of  the  iodine  present  into  potassium  iodate,  with  the  liberation  of  the 
equivalent  amount  of  gaseous  chlorine. 

Iodine  monochloride,  as  is  well  known,  is  readily  dissociated  by 
heat  into  the  trichloride  and  free  iodine.  It  seemed  to  us  interesting 
to  determine  whether  a  solution  of  iodine  monochloride  in  chloroform 
or  carbon  tetrachloride  would  show  any  indication  of  such  dissocia- 
tion when  allowed  to  diff'use  into  a  quantity  of  the  same  solvent. 
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The  experiment  indicated  that  no  such,  dissociation  occurred,  but  that 
the  ratio  of  iodine  to  chlorine  remained  unchanged  thi-oughout  the 
mass  of  the  solution,  a  conclusion  in  harmony  with  the  results  of 
recent  work  by  Stortenbeker  {Zeit.  jphysihal.  Chem.,  10,  183). 


LXXXI. — The  Hydrolytic  Functions  of  Yeast.     Part  IT. 

By  James  O'Sulliyan. 

Having  satisfied  myself  by  numerous  experiments,  besides  those  given 
in  Part  I  (this  vol.,  p.  593),  that  invertase  does  not  leave  the  healthy 
yeast  cell  when  the  latter  inverts  cane  sugar  under  the  conditions 
therein  mentioned,  I  proceeded  to  determine  whether  the  velocity  of 
the  hydrolytic  action  followed  the  same  course  as  that  of  sulphuric 
acid  on  cane  sugar  (Wilhelmy  and  OstwaldJ,  or  that  of  invertase, 
under  the  most  favourable  conditions  (O'Sullivan  and  F.  W.  Tompsou, 
Trans.,  1890,  57,  865). 

What  urged  me  to  investigate  this  question  was  the  conception 
that,  as  the  action  of  acid  and  of  invertase  on  cane  sugar  complies 
with  "  Harcourt's  law,"  each  individual  active  living  yeast  cell, 
capable  of  producing  alcoholic  fermentation,  might  be  considered  iis 
comparable  with  a  "  chemical  molecule,"  so  far  as  its  hydrolytic  action 
was  concerned. 

It  has  been  mathematically  shown  that  when  a  simple  chemical 
change  takes  place,  there  is  a  constant,  or  an  invariable  number,  to 
be  obtained  from  the  amount  of  the  changing  substance  at  the 
beginning  of  the  reaction  and  the  time  taken  to  alter  any  fraction  of 
that  substance.       The  value   of   this   constant    K   is  deduced   from 

—  log ,in  which  0  represents  the  time  in  minutes  of  the  duration 

of  the  reaction,  and  x  the  fraction  of  the  total  substance  at  the  start 
of  the  reaction,  which  is  altered  in  the  time. 

The  values  of  K  obtained  at  various  stages,  or  times,  of  any  one 
transformation  should  be  constant,  if  the  change  follows  the  court-e 
of  the  above  law. 

The  experiments,  the  results  of  which  are  given  in  Tabic  I,  will, 
I  think,  speak  for  themselves  as  to  the  course  of  the  hydrolytic 
action  of  yeast  being  in  accord  with  that  of  a  "  simple  chemical 
change." 
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Mode  of  Procedure, 

Since  the  hydrolytic  action  of  yeast  is  solely  due  to  the  plasma 
within  the  yeast  cell,  it  is  at  once  evident  that,  if  a  quantitative 
expression  for  that  action  is  sought  for,  some  means  must  be  adopted 
to  keep  the  yeast  in  suspension  during  the  progress  of  the  change. 
In  order  to  do  this,  I  passed  a  strong  current  of  air  through  the 
solutions  undergoing  hydrolysis,  and  it  w^ill  be  seen  from  the  follow- 
ing experiments  that  this  aeration  had  no  other  influence  on  the  rate 
of  action  than  that  of  mere  agitation. 

Series  I. — Three  quantities  of  cane  sugar,  of  10  grams  each,  were 
dissolved  in  about  30  c.c.  of  boiling  water,  and,  after  cooling,  the 
solutions  were  each  made  up  to  .50  c.c.  at  15*5°.  All  three  solutions, 
in  the  50  c.c.  measures,  were  kept  in  a  large  vessel  of  cold  water  for 
two  hours,  and  for  the  same  time  and  in  the  same  vessel  of  water 
three  50  c.c.  quantities  of  water  were  kept,  so  as  to  have  all  at  the 
same  temperature. 

Three  quantities,  containing  1  gram,  of  yeast  were  weighed,  and  to 
one  of  these,  one  of  the  50  ac.  of  water  was  added,  and,  after 
thoroughly  mixing  the  yeast,  the  solution  was  added  to  one  of  the 
sugar  solutions  by  pouring  both,  as  quickly  as  possible,  into  a  conical 
measure-glass  standing  in  the  vessel  of  water.  Air  was  passed 
through  this  solution,  a,  and  the  temperature  was  19*5°. 

h.  Another  of  the  quantities  of  yeast  was  similarly  treated,  and  a 
current  of  carbonic  anhydride  was  passed  through  the  solution. 

c.  The  third  quantity  of  yeast  was  treated  as  in  a  and  b,  and  the 
solution  wBfi  kept  stirred  by  hand  for  one  hour,  this  being  the  duration 
of  the  three  experiments,  the  time  being  taken  from  the  moment  the 
solution  of  sugar  and  the  water  containing  the  yeast  in  suspension 
were  mixed. 

The  following  numbei-s  express  the  velocity  of  the  hydrolysis  for 
all  three  experiments  : — 

K,  value  of 
Grams  of  J^  2q_       1      ^ 

sugar  inverted.      Fraction  x.         ti  I  —  a?  * 

Series  I,  a,  5,  and  c. . .     4-864  0-48G4  0*00482 

The  results  of  the  series  of  experiments  which  are  given  in  Table  I 
were  obtained  after  the  manner  of  a  experiment.  The  quantity  of 
sugar  required  for  any  percentage  solution  was  dissolved,  as  described, 
in  a  50  c.c.  measure,  and  the  quantity  of  yeast  for  each  experiment, 
had  added  to  it  50  c.c.  of  water.  At  the  time  mentioned  in  column  4 
of  the  Table,  a  sample,  about  12  c.c,  of  the  solution,  was  poured  into 
a  small  beaker  containing  a  drop  of  strong  potassium  hydrate  and  a 
pellet  of  paper  pulp ;    after  thoroughly  mixing  the  sample,  it  was 
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filtered.     The  opticity  of  the  filtrate  was  determined  in  a  100  mm. 
tube  of  a  Soleil-Ventske-Scheibler  polariscope. 

As  all  the  series  of  experiments  were  not  performed  at  the  same 
time,  the  yeast  used  was  not  the  same  for  any  two  series  ;  in  fact,  the 
number  of  series  given  means  that  12  samples  of  yeast  were  employed. 
The  results  of  any  two  series  cannot  therefore  be  compared,  as  yeast 
varies  in  its  hydrolytic  action,  but  the  results  of  any  one  series  are 
comparable. 

Table  I. —  Velocity  of  the  Hydrolytic  Action  of  Yeast. 


Series. 


G-ranis 

of 

cane  sugar 

per 

100  CO. 


Grrams 

of 
yeast. 


Duration 

of 
contact  in 
minutes,  f. 


Grrams 
of 
cane  sugar 
inverted. 


Fraction 

of 

sugar 

inverted, 


Value  of 

Liog_L 

0      ^   1- 


10 


20 


30 


II. 


10 


III. 


20 


0-5 


1-0 


0-5 


1-0 


0-5 


1-0 


0-5 


1-0 


0-4 


0-8 


30 

60 

120 


30 

60 

120 


30 

60 

120 


30 

60 

120 


30 

60 

120 


30 

60 

120 


30 

60 

120 


30 

60 

120 


60 
120 
360 


63 
120 
158 


0-818 
1-582 
2-741 


1-563 
2-741 
4-092 


1-042 
1-544 

2-780 


1-621 

2-894 
5-096 


1-254 
1-700 
2  -934 


1-700 
2-857 
5-560 


1-100 
1-486 
2-586 


1-621 
2-6S3 
4-671 


2-104 
3-726 
8-010 


5  -600 

9-160 

10  -964 


0-1636 
0 -3164 
0 -5442 


0-3126 
0  -5442 
0  -8186 


0  1042 
0-1544 
0  -2780 


0-1621 
0-2894 
0-5096 


0-0627 
0-0850 
0  -1467 


0-0850 
0  -1423 
0  -2780 

0  -0366 
0  -0495 
0  -0862 


0  -0540 
0  -0894 
0  -1556 


0  -2104 
0  -3726 
0  -8010 


0  -2800 
0  -4532 
0  -5482 


0  0025 


0 

0027 

0 

0028 

0 

0054 

0 

0058 

0 

0060 

0 

0016 

0 

0012 

0 

0012 

0 

0025 

0 

0024 

0 

0025 

0 

0009 

0 

00U6 

0 

0006 

0 

0013 

0 

0012 

0 

0012 

0 

0005 

0 

0003 

0 

-0003 

0 

0008 

0 

0007 

0 

0C04 

0 

0017 

0 

0017 

0 

0019 

0 

0022 

0 

0022 

0 

0021 
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Table  I — continued. 


Series. 

G-rams 

of 

cane  sugar 

per 

100  c.c. 

Grams 

of 
yeast. 

Duration 

of 
contact  in 
minutes,  Q. 

Grams 

of 

cane  sugar 

inverted. 

Fraction 

of 

sugar 

inverted, 

X. 

Value  of 

IV. 

lu 
20 

0-8 
0-8 

6<J 
120 

5  -579 
8-090 

0  -5579 
0  -8U90 

0  -0059 
0  -0060 

60 
120 

5-560 
9  -460 

0  -2780 
0  -4730 

0  -0023 
0  -0023 

y. 

20 

0-8 

62 
122 
302 

4-054 

6-680 
12  -620 

0  -2027 
0  -3340 
0  -6310 

0  -0016     - 

0-0015 

0-0014 

VI. 

20 

0-8 

47 
242 

2-430 
10  -160 

0  -1215 
0  -5080 

0  -0012  . 
0-0012 

VIL 

10 
20 

0-8 
0-8 

60 
120 
180 

3-918 
6  -467 
7-934 

0  -3918 
0  -6467 
0  -7934 

0  -0036 
0  -0037 
0  -0037     • 

60 
120 

180 

4-362 

7-413 

10  -690 

0  -2181 
0  -3706 
0  -5345 

0-0018 
0  -0017 
0  -0018 

VIII. 

5 

10 

0-8 

60 

2-509 

0  -5018 

0  -0050 

0-8 

60 

2-710 

0  -2710 

0  -0023 

IX. 

10 
20 

0-8 
0-8 

60 
120 

3  -494 

5-880 

0  -3494 
0  -5880 

0  -0031 
0  -0032 

60 
120 

3-822 
6-180 

0  -1911 
0  -3090 

0-0015 
0  -0013 

5 

10 
20 

0-8 
0-8 
0-8 

0-2 

30 

60 

120 

1-390 
2  -393 
3-436 

0  -2780 
0  -4786 
0  -6872 

0  -0047 
0  -0047 
0  -0042 

X. 

30 

60 

120 

30 

60 

120 

1-467 
2-471 
4-324 

0  -1467 
0  -2471 
0  -4324 

0  -0023 
0  -0021 
0  -0021 

1  -505 
2-277 

4  -400 

0  -0752 
0-1338 
0  -2200 

0  -0011 
0  -0010 
0  -0009 

XI. 

2 

42 

80 

109 

200 

258 

0-498 
0-826 
1  -000 
1-482 
1-637 

0  -2490 
0-4130 
0  -5000 
0  -7410 
0  -8185 

0  -0029 
0  -0029 
0  -0028 
0  -00-29 
0  -0029 
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Table  I — continued. 


Series. 

Grrams 

of 

cane  sugar 

per 

100  c.c. 

Grams 

of 
yeast. 

Duration 

of 
contact  in 
minutes,  0. 

Grams 

of 

cane  sugar 

inverted. 

Fraction 

of 

sugar 

inverted. 

X. 

Value  of 
1   l.„       1 

d         °    1    -X' 

XL 

4 
6 

0-2 
0-2 

44 

75 

124 

0  -553 

0-899 

1  -405 

0  -1380 
0  -2247 
0  -3510 

0  -0014 
0  -0015 
0  -0015 

70 
115 

0-856 
1-378 

0  -1420 
0  -2296 

0  -0009 
0  -0009 

XII. 

2 
6 

0-4 
0-4 

50 

75 
100 

0-826 
1-135 
1-444 

0  -4130 
0  -5670 
0  -7220 

0  -0046 
0  -0048 
0  -0055 

50 

80 

115 

1-069 
1-680 
2-362 

0  -1780 
0  -2800 
0  -3930 

0  -0017 
0  -0017 
0  -0019 

Ifc  will  be  seen  that  although  the  value  of  K  for  any  one  condition  of 
the  transformation  is  not  a  constant  for  all  the  observations,  as  theory 
requires,  the  variation  is  but  slight.  Besides  errors  of  observation, 
particularly  in  the  low  or  short  time  factors,  there  is  an  error  in  not 
taking  iuto  account  the  variation  in  the  volume  of  the  solution  due  to 
hydration  of  the  sugar.  This,  however,  is  not  a  very  serious  error,  as 
the  concentration  which  takes  place  in  a  complete  hydrolysis  of  a  10 
per  cent,  solution  of  cane  sugar  is  only  02  c.c. 

The  errors  of  observation  are,  however,  important  factors  when  we 
come  to  consider  the  value  of  the  constant.  If,  for  example,  in  Table 
I,  Series  I,  third  experiment,  there  was  an  error  of  +  O'l  division  in 
the  reading  and  in  taking  the  duration  of  contact  there  was  an  error 
more  or  less  of  half  a  minute,  there  Avould  be  introduced  an  error  of 
0*0001  to  00002  in  the  value  of  the  constant.  Again,  as  the  tem- 
peratures of  all  the  solutions  of  any  series  may  not  be  exactly  the 
same,  although  this  was  aimed  at  when  the  optical  observation  was 
made,  there  would  be  an  error  introduced,  as  invert  sugar  varies  in  its 
opticity  with  the  temperature.  In  fact,  I  cannot  help  reiterating  that 
although  the  constant  does  not  come  out  mathematically  identical  as 
theory  requires,  or  as  Ostwald's  constant  for  the  rate  of  action  of 
sulphuric  acid  on  cane  sugar,  which  is  as  near  theory  as  possible,  yet 
the  numbers  given  leave  very  little  room  for  doubting  that  the  rate  of 
action  in  any  series  follows  thai  of  a  simple  chemical  change. 

In  the  course  of  any  simple  chemical  change,  the  value  of  K  varies 


O'SULLIVAN:   THE   HYDROLYTIC   FUNCTIONS   OF  YEAST.      931 

with  any  variation  in  tlie  conditions  of  the  experiment.  It  will  be 
observed  in  Table  I  to  vary  first  with  the  percentage  of  sugar  solu- 
tion— the  altering  substance,  and  secondly  with  the  amount  of  yeast — • 
the  active  substance  producing  the  change. 

The  constants  obtained  in  the  first  series  of  experiments  with  5.  10, 
aud  20  grams  of  sugar,  and  0*5  and  1  gram  of  yeast  beai'  a  very  close 
relation  to  each  other,  and  with  either  of  the  quantities  of  yeast  thoy 
are  as  4,  2,  and  1 ;  the  constant  is  inversely  as  the  concentration,  the 
amount  of  yeast  being  the  same ;  but  when  the  proportion  of  yeast  to 
sugar  is  the  same,  the  constants  are  nearly  alike.  When  the  sugar  is 
the  same,  doubling  the  quantity  of  yeast  doubles  the  constant.  If  the 
average  of  the  K's  for  the  transformations  brought  about  in  the 
solutions  of  varying  percentages  of  sugar  is  taken,  the  amount  of 
yeast  being  the  same,  they  are  not  quite  proportionate  to  the  percent- 
ages of  sugar.  Theoretically  the  constant  should  be  in  proportion, 
but  inversely,  as  the  percentage  of  sugar,  the  yeast  being  the  same. 

There  are  two  factors  which  come  into  play  which  are,  I  think, 
sufficient  to  account  for  the  constants  not  working  out  exactly  in 
inverse  proportion  to  that  of  the  percentage  of  cane  sugar.  The  first 
is  that  of  the  relative  size  of  the  yeast  cells  in  solutions  of  cane  sugar 
of  different  strengths.  I  find,  and  believe  it  is  the  first  time  it  has 
been  observed,  that  if  the  average  size  of  the  original  yeast  cell  when 
mounted  in  the  ale  in  which  it  has  grown  be  taken  as  a  stai.dard, 
the  average  size  of  the  cell  of  the  same  yeast  when  mounted  in  the 
following  percentages  of  eane  sugar  is  as  follows  : — 


Original  yeast 
In    5  per  cent. 

.      1-00 

cane  sugar  solution. .  . 

.      0-95 

,,  10         „ 

„                  ,,        .  .  . 

.      0-92 

„  20         „ 

)9                  1)        •  •  • 

.      0-82 

„  30        „ 

?>                  »■?••• 

.      0-77 

»  40        „ 

J7                  ij        •  •  • 

.      0-70 

The  yeast  cells  were  measured  in  the  solutions  at  the  same  tempera- 
ture, and  in  a  haematimeter  where  there  could  have  been  no  pressure 
to  interfere  with  the  dimensions.  In  all  cases  the  whole  of  the  cells 
in  one  field  of  the  microscope  were  drawn,  and  each  cell  measured  to 
obtain  the  average  number  given.  Indeed,  anyone  looking  at  the 
drawings  of  the  cells  from  the  sugar  solutions  could  pick  out  and 
arrange  them  in  the  above  order  without  having  recourse  to  actual 
measurement. 

Tlie  decrease  in  the  size  of  the  cells  is  no  doubt  due  to  the  absorp- 
tion of  water  from  the  protoplasm  of  the  cell.  This  is  quite  in  accord 
with  what  De  Vries  has  shown  for  vegetable  cells  immersed  in  a 
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solution  of  potassium  nitrate  (Sachs,  Physiology  of  Plants^  "  Plasmo- 
lysis"). 

The  second  factor  is  the  viscosity  of  the  cane  sugar  solutions,  which 
increases  with  their  strengths  From  careful  determinations  made 
nnder  the  same  conditions  and  at  the  same  time  and  temperature,  the 
viscosities  of  the  following  solutions  of  cane  sugar  when  compared 
with  water  were  found  to  bs — • 

Water l-QO 

5  per  cent,  cane  sugar  solution 1*16 

10        „  „  „        1-33 

20        „  „  „        1-81 

30        „  „  „        2-62 

40         „  „  „        ......  4-41 

As,  therefore,  the  size  of  the  yeast  cell  diminishes  and  the  viscosity 
of  the  solution  increases  with  increase  in  the  percentage  of  sugar,  it 
might  be  expected  that  the  constant  for  the  increasing  percentages  of 
sugar  would  be  less  than  inversely  proportional  to  the  strength,  the 
amount  of  yeast  being  the  same. 


Influence  of  Breaking  the  Yeast  Ctlls  on  the  Velocity  of  the  Hydro! y tic 

Action. 

It  appeared  possible  that  if  a  number  of  the  cells  of  any  quantity 
of  yeast  employed  in  an  experiment  were  broken,  and  their  proto- 
plasmic contents, thereby  brought  into  solution,  that  the  velocity  of 
the  hydrolytic  action  might  be  increased.  This,  however,  is  not  so, 
as  will  be  seen  from  the  following  experiments : — 

Series  /.—'Three  quantities  of  yeast  of  0*5  gram  each  were  taken; 
one  of  them,  a,  was  pulverised  in  an  agate  mortar  with  about  3  c.c.  of 
water  for  45  minutes,  then  it  was  washed  into  a  50  c.c.  measure  and 
made  up  with  water  to  that  volume ;  the  second  quantity  of  yeast,  6, 
,  was  pulverised  for  the  same  time  but  without  the  addition  of  water, 
and  made  up  to  50  c.c.  as  in  a. 

To  a,  50  c.c.  of  a  10  per  cent,  solution  of  sugar  were  added. 

To  6,  a  like  quantity  of  the  sugar  solution  was  added. 

To  c,  the  third  quantity  of  yeast,  unbroken,  made  up  to  50  c.c.  solu- 
tion, the  same  quantity  of  the  sugar  solution  was  added. 

Series  II. — The  experiments  just  mentioned  were  repeated  with 
another  sample  of  yeast.  In  C],  the  yeast  was  treated  as  in  c,  and  hi  as 
in  h. 

Series  III. — 2  grams  of  yeast  wxre  pulverised  as  before,  without 
water,  for  one  hour,  and  to  the  apparently  dry  powder  thus  obtained 
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25  c.c.  of  water  were  added,  and  the  yeast  was  well  mixed  up 
with  it. 

Two  quantities  of  sugar  of  10  grams  each  were  dissolved  and  made 
up  to  50  c.c,  and  to  one  of  them,  a-z,  75  c.c,  of  the  yeast  mixture,  in 
50  c.c.  of  water,  were  added  ;  and  to  the  other,  h-i,  15  c.c.  of  the  yeast 
mixture,  in  a  like  quantity  of  water,  were  added. 

The  time  of  starting  each  experiment  was  taken,  w^hen  the  yeast 
mixture  and  sugar  solutions  were  added,  and  air  was  passed  through 
the  solutions  daring  the  progress  of  the  reaction. 

The  results  of  these  three  series  of  experiments  are  given  in 
Table  II. 


Table  II. — The  Velocity  of  the  Hijdrolytic  Action  of  Bro'ken  com- 
pared  ivith  that  of  Unhrolcen  Yeast. 


I.  ^ 


II. 


III.  \ 


Grams 

Ex- 

Oi cane 

peri- 
ment. 

sugar 
per  100 

c.c. 

a 

5 

h 

>» 

c 

jj 

Oi 

« 

h 

7> 

«'2 

10 

b. 

J> 

Duration 

Grams 

of  con- 

of 

tact  in 

yeast. 

mmutes, 

e. 

0-5 


0-6 
1-2 


60 
120 

60 
120 

60 
120 

60 
120 

60 
120 

30 

60 
180 

30 

60 
180 


Grams 
of  cane 
sugar  in- 
verted. 


2-549 
3-900 

1  737 
2-548 
2-549 
3-900 

2  -934 
4-208 
1-467 
2  -  355 
1-158 
1-698 
3-861 
1-583 
2-471 
5-482 


Fraction 
of  sugar 
inverted, 

X. 


K. 

Talue  of 

log  1 


-509 

o-( 

-780 

0-( 

-347 

0-( 

-509 

0-( 

-509 

0- 

-780 

0- 

587 

0- 

•841 

0- 

-293 

0- 

•471 

0- 

•1158 

0- 

-1698 

0- 

-3861 

0- 

•1583 

0- 

•2471 

0- 

•5482 

0- 

-00515 
-00548 
•00300 
-00257 
-00515 
-00548 
-00637 
-00660 
-00250 
-00230 
-00178 
•00134 
-00118 
-00249 
-00205 
•C0191 


A  microscopical  examination  of  the  yeast,  as  used  in  6,  c,  hi,  and  in 
Series  III  experiments,  showed  that  many  of  the  cells  were  crushed, 
and  as  a  further  proof  of  the  protoplasm  having  come  outside  the  cell 
sac,  the  filtrates  obtained  from  these  experiments,  on  being  kept  for 
48  hours,  showed  a  complete  inversion  of  the  sugar ;  invertase  went 
into  solution  which  carried  on  the  inversion  after  filtration.  This 
was  not  the  case  with  the  unbroken  yeast. 

It  is  seen  here  that  when  the  yeast  cell  is  broken  in  the  presence  of 
■water,  the  velocity  of  the  hydrolysis  is  the  same  as  that  of  the 
unbroken  yeast,  and  that  when  the  yeast  is  broken  iu  the  dry  state, 


934      O'SULLIYAN:   THE   HYDROLYTIC   FDNCTIONS   OF   YEAST. 

and  it  is  apparently  quite  dry  after  being  pulverised  for  45  minutes, 
the  velocity  is  very  considerably  reduced.  From  the  results  given  in 
Series  III,  it  will  be  seen  that  the  time  taken  to  hydrolyse  a  given 
percentage  of  cane  sugar  is  almost  in  inverse  proportion  to  the 
amount  of  broken  yeast  employed,  and  that  the  constant  is  nearly 
directly  proportional  as  in  the  case  of  unbroken  yeast. 

Fernback  (Ann.  Inst,  Pasteur,  9,  90)  and  O'Sullivan  and  Tompson 
(he.  cit.)  found  that,  in  working  with  invertase,  they  were  unable  to 
find  any  relation  between  the  amount  of  invertase  employed  and  its 
action,  until  the  proper  quantity  of  acid  was  added.  Under  the  most 
favourable  conditions  of  acidity,  O'Sullivan  and  Tompson  found  that 
the  hydrolytic  action  was  in  proportion  to  the  quantity  of  invertase 
employed,  or  the  time  taken  to  invert  any  percentage  of  cane  sugar 
was  in  inverse  proportion  to  the  quantity  of  invertase. 

The  results  given  in  Table  I  show  that  the  hydrolytic  action  of 
yeast  is  in  proportion  to  its  quantity  without  the  addition  of  acid, 
and  from  this  it  is  certain  that  the  action  of  invertase  in  the  healthy 
yeast  is  not  the  same  as  that  of  invertase  prepared  from  it.  This  is  the 
only  difference  between  the  action  of  yeast  and  that  of  invertase  without 
the  acid.  This  difference  is  to  be  accounted  for  by  assuming,  and  I 
believe  it  is  a  correct  assumption,  that  the  inverbase  as  it  acts  in  the 
yeast  has  the  most  suitable  amount  of  acidity  in  the  protoplasm  of 
the  cell,  and  that,  in  the  preparation  of  invertase,  this  acid,  being 
soluble,  is  lost  to  the  invertase.  Invertase,  no  matter  how  it  is  pre- 
pared, is  slightly  alkaline ;  the  extract  of  crushed  healthy  yeast  is 
slightly  acid. 

I  prepared  invertase  from  yeast  by  allowing  it  to  remain  in  con- 
tact with  ether  for  14  days,  and  then  extracting  the  yeast  with 
water,  after  evaporating  the  ether  at  30°.  This  water  extract  pre- 
cipitated with  alcohol  gave  a  copious  precipitate  of  active  invertase, 
which  was  dehydrated  with  alcohol  (0'82),  and  dried  over  sulphuric 
acid  in  a  vacuum.  With  the  soluble  portion  of  the  invertase  thus 
prepared,  I  made  two  series  of  experiments  after  the  manner  described 
for  yeast  (Mode  of  Procedure,  p.  927),  and  found  that  although 
the  rate  of  action  in  any  percentage  of  cane-sugar  followed  closely 
that  of  yeast,  yet,  doubling  the  quantity  of  invertase  had  no  material 
influence  on  the  value  of  the  constant  or  rate  of  action. 

There  is  also  a  difference  between  the  action  of  yeast  on  cane 
sugar  and  that  of  invertase  under  the  most  suitable  conditions  of 
acidity.  If  the  opticity  of  a  filtrate  from  a  cane  sugar  solution, 
undergoing  inversion  by  means  of  yeast,  is  taken  immediately  after 
filtration,  it  will  be  found  to  possess  no  bi-rotation  ;  this  is  not  the 
case  with  invertase  under  the  most  suitable  conditions,  as  shown  by 
O'Sullivan  and  Tompson  (loc.  cit.). 
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Influence  of  Ether  on  the  Velocity  of  the  JSydrolytic  Action. 

Claude  Bernard  in  his  investigation  of  the  influence  of  anassthetics 
on  fermentation,  and  on  the  germination  of  seeds,  showed  that  if  yeast 
is  placed  in  etherised  water  and  cane  sag-ar,  its  power  of  producing 
alcoholic  fermentation  is  arrested,  although  its  power  of  hjdrolysing 
the  sugar  goes  on.  He  also  showed  that  the  internal  changes  which 
take  place  in  a  seed  during  germination  are  not  arrested  by  treating 
the  seeds  with  ether,  although  the  organising  or  building  up  function 
of  the  seed  is  arrested. 

The  following  experiments  were  made  in  order  to  see  if  ether  has 
any  influence  on  the  hydrolytic  action  of  yeast. 

Three  quantities  of  yeast  of  05  gram  each  were  taken.  To 
one,  a,  2  c.c.  of  ether  were  added,  and  after  well  mixing,  it 
was  allowed  to  stand  for  20  minutes ;  it  was  then  made  np  to 
25  c.c.  with  water,  and  added  to  25  c.c.  of  a  20  per  cent,  solution  of 
cane  sugar.  To  h,  the  second  quantity  of  yeast,  25  c.c.  of  etherised 
water  containing  2  c.c.  of  the  same  ether  as  in  a  were  added,  and 
after  standing  for  20  minutes,  it  was  added  to  25  c.c.  of  the  sugar 
solution.  To  c,  the  remaining  quantity  of  yeast,  25  c,c.  of  water 
were  added,  and  this  was  added  to  a  similar  quantity  of  the  sugar 
solution. 

Air  was  passed  through  the  solutions,  and  the  start  of  each  expe- 
riment was  taken  at  the  time  the  sugar  solution  and  the  water  con- 
taining the  yeast  in  suspension  were  added.  At  the  expiration  of 
60  minutes  in  each  case,  the  solution  was  rapidly  made  up  to 
100  c.c,  and  after  mixing  well,  about  20  c.c.  were  removed.  One 
half  of  this  was  filtered,  the  filtrate  being  received  in  a  small  beaker 
containing  a  drop  of  potassium  hydrate  j  the  other  half  was  simply 
filtered. 

Table  III. — The  Influence  of  Ether  on  the  Velocity  of  the  Hydrolytic 

Action. 


Experi- 
ment. 


Cane 

sugar  in 

grams  per 

lOU  c.c. 


Grams 

of 
yeast. 


0-5 


Duration 
of  contact 
in  minutes, 


60 


Grams 
of  sugar 

in- 
verted. 


1-814 
2  -310 
2-316 


Fraction 
of  sugar 
inverted. 


0-363 
0-463 
0-463 


Yalue  of 
1  ,    1 


log 


1   -  X 


0  -00326 
0  -00475 
0  -00475 
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The  filtrates  from  h  and  c  experiments,  with  and  without  potassium 
hydrate,  were  found  to  have  the  same  opticitj  after  48  hours  stand- 
ing;  this,  however,  was  not  so  with  the  filtrate  obtained  from  a  with- 
out potassium  hydrate  ;  a  further  inversion  of  1'7  grams  of  sugar  per 
100  c.c.  took  place  in  48  hours. 

Here  it  is  seen  that  the  action  of  the  yeast  is  diminished  by  adding 
the  ether  directly  to  it,  and  that  the  cell  sac  is  so  altered  as  to  allow 
the  invertase  to  go  into  solution.  Now,  as  the  same  amount  of  ether, 
but  in  a  more  diluted  state,  had  no  influence  either  on  the  rate  of 
action  or  on  the  cell  sac,  I  believe  the  influence  of  ether  when  added 
directly  to  the  yeast  is  to  be  accounted  for  in  the  following  manner, 
which  is  a  most  probable  explanation  of  the  retarding  influence  on 
the  hydrolytic  power  of  yeast  of  any  neutral  substance  which  alters 
the  cell  sac,  so  that  the  invertase  leaves  the  cell. 

When  any  neutral  substance  alters  the  cell  sac,  it  also  alters  the 
protoplasm  of  the  cell,  and  by  so  doing  the  soluble  acid  is  freed  from 
it,  and  goes  into  solution  with  that  portion  of  the  invertase  which 
passes  through  the  vsac.  It  is  easy  to  see  how  the  most  suitable 
relation  of  acid  to  invertase  would  under  this  condition  be  interfered 
with  both  inside  and  outside  the  yeast  cell,  so  that  in  neither  case  is 
the  invertase  under  the  most  favourable  condition  for  its  action. 

If  yeast  is  allowed  to  remain  in  contact  with  water  containing 
10  per  cent,  of  ether  (free  from  acid)  for  60  minutes,  the  extract 
will  be  found  to  contain  both  acid  and  much  invertase,  whilst  if  the 
same  quantity  of  yeast  is  similarly  treated  with  water,  the  extract 
will  be  found  to  contain  only  acid. 

From  experiments  made  to  determine  the  relative  amounts  of  acid 
extracted  from  yeast  by  etherised  water,  and  water  alone,  I  found 
that  the  former  extracted  about  twice  as  much  as  the  latter.  (See 
Influence  of  Acid,  Table  V.) 

Influence  of  Potassium  Hydrate  on  the  Hydrolytic  Action. 

Kjeldahl  (Meddelser  fra  Garlsberg  Laboratoriet,  1881,  3,  186)  and 
O'Sullivan  and  Tompson  (Trans.,  1890,  57,  852)  show  that  caustic 
alkalis  even  in  small  quantities  completely  arrest  the  hydrolytic 
action  of  invertase.  This  influence  of  potassium  hydrate  is  also  notice- 
able in  the  case  of  yeast ;  however,  if  the  potassium  hydrate  is 
neutralised  by  acid,  the  action  is  partially  retrievable  under  certain 
conditions,  and  I  find  that  this  holds  good  for  invertase  also. 

Series  I. — Three  quantities  of  sugar  of  5  grams  each  were  dissolved 
in  40  c.c.  of  water.  To  one,  a,  10  c.c.  of  decinormal  potassium  hydrate 
were  added,  and  to  the  second,  b,  there  was  added  a  like  quantity  of 
potassium  hydrate.      After   adding    the    alkali    to   these   solutions, 
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2  grains  of  yeast  were  added  to  each,  and  they  were  allowed  to 
stand,  after  well  mixing,  for  150  minutes.  a  solution  was  then 
neutralised  with  10  e.c.  of  decinormal  sulphuric  acid,  and  was  rapidly 
made  up  to  100  c.c.  h  was  made  up  to  100  c.c,  but  without  the 
addition  of  acid.  2  grams  of  the  yeast  were  mixed,  in  about  50  c.c. 
of  water,  and  added  to  the  remaining  sugar  solution,  c,  as  rapidly  as 
possible,  and  then  made  up  to  100  c.c. 

Series  II. — Three  quantities  of  yeast  of  0*5  gram  each  were  weighed, 
and  to  one,  a,  25  c.c.  of  a  10  per  cent,  sugar  solution  and  5  c.c.  of 
decinormal  potassium  hydrate  were  added ;  another,  h,  of  the  yeasts 
was  similarly  treated.  These  solutions  were  allowed  to  stand  for 
40  minutes,  and  then  to  a  5  c.c.  of  decinormal  sulphuric  acid  were 
added,  and  to  6  5  c.c.  of  water.  At  the  time  these  solutions  were  made 
up  to  35  c.c,  there  were  25  c.c.  of  the  same  sugar  solution,  and  10  c.c. 
of  water  added  to  the  remaining  0'5  gram  of  yeast. 

Series  III. — Five  quantities  of  sugar  of  5  grams  each  were  dis- 
solved in  25  c.c.  of  boiling  water,  and  the  solutions,  a,  b,  c,  d,  and  e, 
cooled  to  16°. 

To  6,  10  c.c.  of  decinormal  potassium  hydrate  were  added,  and  then 
1  gram  of  yeast  was  well  mixed  into  the  solution. 

c  was  similarly  treated. 

To  d,  20  c.c.  of  decinormal  potassium  hydrate  were  added,  and  1 
gram  of  yeast  was  well  mixed  into  the  solution. 

e.  This  solution  was  laid  aside,  and  1  gram  of  the  yeast  suspended 
in  25  c.c.  of  water  containing  10  c.c.  of  decinormal  potassium  hydrate 
was  kept  in  readiness  for  it. 

a.  This  solution  was  laid  aside. 

After  these  solutions  had  stood  for  three  hours, 

h  was  rapidly  made  up  to  100  c.c. 

c.  To  this,  10  c.c.  of  decinormal  sulphuric  acid  were  added,  and  the 
solution  was  quickly  made  up  to  100  c.c. 

d.  This  had  20  c.c.  of  decinormal  sulphuric  acid  added  to  it,  and 
was  then  rapidly  made  up  to  100  c.c. 

e.  To  this  solution  the  alkaline  yeast  mixture  was  added,  and  then 
rapidly  made  up  to  100  c.c. 

a.  To  this  solution,  1  gram  of  yeast,  well  mixed  up  in  25  c.c.  of 
water,  was  added,  and  the  solution  rapidly  made  up  to  100  c.c. 

Series  IV. — Three  quantities  of  yeast,  of  1  gram  each,  were 
taken. 

To  a,  50  c.c.  of  water  containing  10  c.c.  of  decinormal  potassium 
hydrate  were  added. 

h.  This  was  treated  as  in  a. 

These  solutions  were  allowed  to  stand  for  40  minutes ;  then — 

a  had  added  to  it  50  c.c.  of  a  10  per  cent,  cane  sugar  solution ; 
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h  had  added  to  it  50  c.c.  of  a  10  per  cent,  cane  sugar  solution,  in 
whieli  there  were  10  c.c.  of  decinormal  sulphuric  acid  to  the  50  c.c. 

To  c,  the  third  gram  of  yeast,  50  c.c.  of  water  were  added,  and, 
after  well  mixing,  50  c.c.  of  the  10  per  cent,  cane  sugar  solution. 

The  results  of  these  series  of  experiments  are  given  in  Table  IV. 
The  start  of  every  experiment  mentioned  was  taken  at  the  time 
the  sugar  solution  was  added  to  the  suspended  yeast,  and  air  was 
passed  through  in  all  cases  during  the  progress  of  the  action;  in 
fact,  the  results  given  in  Table  IV  were  obtained  in  the  manner 
described  under  the  head  of  Mode  of  Procedure. 

Potassium  hydrate  is  known  to  dissolve  from  yeast  its  protoplasm, 
and  it  is  shown  in  Series  HI,  a,  h,  and  c  experiments,  Table  IV,  that 
if  a  quantity  of  that  agent  which  is  sufficient  in  the  presence  of  sugar 
to  almost  completely  retard  the  hydrolytic  action  of  yeast  is  neutral- 
ised with  acid,  the  change  goes  on  nearly  at  the  same  rate  as  with 
the  original  yeast.  Now  the  questions  suggest  themselves.  Does 
potassium  hydrate  dissolve  invertase  from  the  yeast  ?  and,  Has  the 
yeast  afterwards  a  greater  or  less  hydrolytic  action  than  that  of  its 


Table  IV. 


-The  Influence  of  Potassium  Hydrate  on  the  Velocity  of  the 
Hydrolytic  Action. 


Ex- 

Cane 
sugar  in 

Grams 

Duration 
of  con- 

Grams 

Fraction 
of  sugar 
inverted, 

X. 

K. 
Yalue  of 

Series. 

peri- 

grams 

of 

tact  in 

of  sugar 

1             1 

ments. 

per 
100  c.c. 

yeast. 

minutes, 

inverted. 

0  ^°g  1  -  x 

a 

6 

2 

30 

1-154 

0-230 

0-00379 

I. 

b 

*> 

>> 

50 

none 

none 

0 

c 

>> 

50 

4-092 

0-818 

0  -01479 

a 

7-14 

1-42 

60 

4-208 

0-589 

0  -00643 

II.     ■ 

h 

f> 

,, 

60 

none 

none 

0 

c 

^^ 

60 

5-405 

0-757 

0  -01024 

a 

\ 

'i 

60 

3-745 

0  -749 

0  -01000 

120 

4-520 

0-904 

0  -00900 

h 

»> 

,, 

60 

0-465 

0-092 

0  -00070 

120 

0-656 

0-131 

0  -00050 

III.     - 

t 

,^ 

M 

60 

3-281 

0-656 

0  -00772 

120 

4-324 

0-865 

0  -00724 

d 

i» 

^j 

60 

0-465 

0-092 

0  -00070 

120 

0-656 

0-131 

0  -00050 

I 

e 

»> 

>> 

60 
120 

none 

none 

0 
0 

a 

5 

1 

60 

*) 

0 

IV.     ■ 

h 

»> 

» 

60 

0-424 

0-085 

0  -0006 

c 

»> 

l> 

60 

3-900 

0-780 

0  -0110 

a 

12-10 

0-605 

60 

0-617 

0-051 

0  -00038 

V.     ^ 

h 

)j 

)) 

60 

2-779 

0-228 

0  -00187 

>» 

60 

0-309 

0-026 

0 -00019 
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potassium  hydrate  extract  ?  An  answer  to  tliese  questions  might 
throw  some  light  on  the  state  of  the  invertase  within  the  yeast. 

The  following  experiments  were  made  with  the  object  of  arriving 
■^t  information  on  the  points  just  mentioned  : — 

Series  V. — Table  IV.  20  grams  of  sugar  were  dissolved  in  about 
60  c.c.  of  water,  15  c.c.  of  decinormal  potassium  hydrate  were  added, 
and  the  solution  made  up  to  150  c.c.  To  this  solution,  in  a  beaker, 
1  gram  of  yeast  was  added,  and,  after  well  mixing,  it  was  allowed  to 
:stand  for  three  hours.  At  the  expiration  of  that  time,  the  solution 
was  well  mixed,  and  about  40  c.c.  of  it  were  filtered. 

a.  To  25  c.c.  of  the  alkaline  filtrate,  free  from  yeast,  2*5  c.c.  of 
decinormal  sulphuric  acid  were  added. 

h.  To  50  c.c.  of  the  solution,  with  the  yeast  in  suspension,  5  c.c.  of 
^cid  were  added. 

c.  To  another  50  c.c.  there  were  added  5  c.c.  of  water. 

At  the  start  of  these  experiments,  all  three  are  alike  as  regards 
sugar  and  yeast,  and  the  results  calculated  per  100  c.c.  are,  therefore, 
comparable. 

The  influence  of  potassium  hydrate  is  seen,  from  the  results  given 
in  Table  IV,  to  be  more  than  that  of  simply  neutralising  the  acidity 
of  the  yeast  cell,  for,  in  Series  III,  d  experiment,  the  20  c.c.  of  deci- 
normal potassium  hydrate,  although  afterwards  neutralised  with  acid, 
affects  the  action  as  much  as  the  alkalinity  of  10  c.c.  of  potassium 
hydrate.  The  influence  of  this  agent  is  no  doubt  a  question  of 
•quantity,  for  strong  potassium  hydrate,  as  shown  by  O'Sullivan  and 
Tompson,  completely  arrests  the  action  of  both  invertase  and  yeast 
at  54°.  The  action  is  doubtless  one  of  killing,  or,  as  I  would  prefer 
to  say,  it  is  due  to  a  breaking  up  of  the  invertase  molecule. 

The  results  of  Series  III  and  V  show  that  if  potassium  hydrate  is 
added  to  yeast  in  the  presence  of  cane  sugar,  its  retarding  influence 
is  not  so  marked  as  in  the  absence  of  sugar,  which  I  find  is  also  the 
case  with  invertase.  This  is  a  curious  fact,  particularly  when  we 
consider  that  O'Sullivan  and  Tompson  (Trans.,  1890,  57,  900)  proved 
that  invertase  in  the  presence  of  cane  sugar  solution  resists  a  tem- 
perature fully  25°  higher  than  in  the  absence  of  sugar. 

In  Series  V,  it  will  be  seen  that  the  yeast  which,  in  the  presence  of 
sugar,  had  been  treated  with  potassium  hydrate  which  was  after- 
wards neutralised  with  acid,  possesses  far  and  away  a  greater  hydro- 
lytic  action  than  the  extract  of  the  same  quantity  of  yeast  with  the 
same  proportion  of  potassium  hydrate  when  similarly  neutralised. 

The  Influence  of  Add  07i  the  Velocity  of  the  Hydrolytic  Action. 

Under  the  heading,  "Influence  of  Ether,"  I  explained  that  the 
-effect  of  that  substance  in  retarding  the  action  was  due  to  a  variation 

3  u  2 
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brought  about  by  it  in  the  acidity  of  the  invertase,  both  inside  and 
outside  the  yeast  cell.  This  explanation  receives  support  from  the 
following  series  of  experiments,  Table  V.  The  experiments  were 
carried  out  under  identical  conditions,  and,  as  acid,  I  employed  deci- 
normal  sulphuric  acid  (1  c.c.  =  0*008  SO3). 

Table  V. — Tlie  Influence  of  Acid  on  the  Velocity  of  the  Hydrolytic 

Action. 


Ex- 
peri- 
ment. 

G-rams 

of  cane 

sugar 

per  100 

c.c. 

G-rams 

of 
yeast. 

C.C.  of 
deci- 
normal 
sulphuric 
acid  per 
100  c.c. 

Duration 
of  con- 
tact in 

minutes, 

e. 

Grams 

of  cane 

sugar 

in- 
verted. 

Frac- 
tion of 

cane 
sugar  in- 
verted, 

X. 

K. 

Value  of 

llog      1     . 

A 
B 
C 

10 

1 

5' 

0 

0-2 

0-4 

122 
180 

122 
180 

122 

180 

7-06 
8-45 

6-83 
8-18 

6-64 
8-11 

0-706 
0-845 

0-683 
0-818 

0-664 
0-81L 

0  -0043 
0-0044 

0  -0040 
0-0041 

0  -0038 
0-0040 

Here,  even  with  the  very  slight  quantity  of  acid  employed,  it  is 
seen  that  there  is  a  distinct  retarding  influence  on  the  action,  and 
that  this  is  more  marked  in  the  case  of  the  larger  quantity  of  acid. 

The  filtrates  obtained  from  B  and  C  experiments  at  both  periods  of 
contact,  and  without  the  addition  of  potassium  hydrate,  were  found 
to  indicate  the  presence  of  invertase  when  observed  24  hours  after 
filtration ;  the  filtrates  from  A,  under  like  conditions,  were  observed 
fco  indicate  the  absence  of  invertase. 


Influence  of  the  Hydrolytic  Action  of  Yeast  on  its  Alcoholic  Fermentation 

Power. 

In  order  to  arrive  at  an  answer  to  this  question,  I  took  four  flasks 
of  equal  capacity  (175  c.c.)  and  added  to  each  100  c.c.  of  malt  wort 
(sp.  gr.  1060).  The  malt  wort  in  the  flasks  was  boiled  for  half  an 
hour,  and  then  cooled  to  20". 

a.  To  one,  I  added  25  c.c.  of  a  filtrate  from  a  experiment  (Series  I, 
Mode  of  Procedure,  p.  927)  and  0-25  gram  of  the  same  yeast  as  was 
used  to  bring  about  the  hydrolytic  action. 

h.  To  another,  I  added  25  c.c.  of  a  solution  without  filtering  out 
the  yeast. 
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c.  To  tlie  third,  I  added  25  c.c.  of  a  filtrate  from  h  experiment 
(Series  I,  Mode  of  Procedure,  p.  927)  and  0'25  gram  of  the  same 
yeast. 

d  To  the  remaining  flask,  I  added  25  c.c.  of  h  solution  without 
filtering  out  the  yeast. 

The  flasks  were  provided  with  wash-bottles  containing  water  to 
catch  any  alcohol  which  might  pass  over  with  the  gas  evolved 
during  fermentation,  and  were  laid  aside  under  similar  conditions. 

As  I  have  already  shown  (Part  I)  that  yeast  does  not  increase 
during  its  hydrolysing  action,  it  will  be  seen  that  in  taking  25  c.c. 
of  either  of  the  solutions  a  and  b  with  the  yeast  in  suspension,  at  the 
one  hour's  period  of  digestion,  there  is  one-fourth  of  the  yeast  added, 
or  0*25  gram  of  yeast.  The  composition  of  the  two  25  c.c.  of  the 
filtrates  and  the  two  25  c.c.  of  solutions  containing  the  yeast  in  sus- 
pension being  the  same,  the  four  125  c.c.  quantities  of  solution  put  to 
ferment  were  the  same  in  every  way. 

When  the  fermentation  had  gone  on  in  each  case  for  43  hours,  each 
solution,  including  the  wash-water,  was  made  up  to  200  c.c.  The 
alcohol  produced  in  each  was  determined  in  100  c.c,  and  the  number 
of  yeast  cells  per  volume  of  1/4000  cub.  mm.  was  counted  in  the 
remaining  portion  of  the  solutions. 

I  is  the  grams  of  solid  matter  fermented  out  of  the  125  c.c.  of  solu- 
tions deduced  from  the  alcohol  formed  ;  II  the  number  of  cells  per 
volume  in  the  solutions  : — 

I.  II. 

a 8*34  grams.  11*9  cells. 

h 8-25       „  15-7     „ 

c 8-50       „  13-0     „ 

d 8-20       „  11-9     „ 

The  alcohol  produced  in  these  solutions  is  practically  the  same, 
and  the  only  difference  observed  is  the  greater  quantity  of  yeast  in 
6,  where  the  yeast,  prior  to  being  added  to  the  solution  for  fermenta- 
tion, had  been  aerated. 

It  is  possible  that  in  fermentation  experiments,  particularly  where 
cane  sugar  enters  largely  into  the  composition  of  the  sugars  used,  it  may 
be  desirable  to  determine  the  hydrolytic  power  of  the  yeasts  employed. 
Prom  Table  I  (p.  928,  et  seq.),  it  will  be  seen  that  for  any  one  quantity 
of  healthy  yeast  in  any  one  percentage  of  cane  sugar  up  to  20  percent., 
if  the  temperature  of  the  decomposition  is  the  same  and  the  solution 
kept  agitated,  the  K  or  constant  obtained  at  any  stage  in  the  in- 
version can  be  taken  as  an  expression  of  the  velocity  of  the  hydrolytic 
power. 

As  an  example  of  what  I  mean,'"at  Series  III  and  IV,  Table    I 
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it  will  be  seen  that  the  constants  obtained  are  practically  the  same^ 
although  the  yeasts  are  not  the  same  ;  therefore  these  yeasts  have  the 
same  hydrolytic  power ;  in  Series  Yl,  under  like  conditions,  the 
constant  is  only  about  half  what  it  is  in  III  and  IV,  which  means, 
that  the  yeast  in  Series  VI  has  only  half  the  power  of  that  used  in 
III  and  IV. 

If  the  percentage  of  sugar  and  yeast,  the  temperature,  and  the 
duration  of  contact  is  the  same  in  all  experiments  made  to  determine 
the  relative  hydrolytic  power  of  yeasts,  the  quantity  of  cane  sugar 
inverted  could,  of  course,  be  taken  as  a  measure  of  the  action  of  the 
yeasts  employed,  but  there  is  an  advantage  in  taking  the  constant  as 
the  measure,  for  then  the  time  of  contact  need  not  necessarily  be  the 
same  in  all  cases. 

In  conclusion,  I  desire  to  point  out  that  Sheridan  Lea  has  shown 
in  a  paper  entitled  "  Some  Notes  on  the  Isolation  of  a  Soluble  Urea 
Ferment  from  the  Torula  urece  "  {Jour,  of  Phys.,  4,  3),  that  although 
the  soluble  "  ferment  "  contained  in  Tortila  iirece,  to  which  the  hydro- 
lysis of  urea  in  urine  is  due,  can  be  isolated  from  that  organism,  yet 
the  action  is  not  due  to  the  secretion  of  the  soluble  "  ferment "  by 
the  torula  ;  the  "  ferment,"  in  fact,  does  not  pass  out  of  the  cells 
during  the  progress  of  the  change.  I  had  not  seen  this  paper  pre- 
vious to  the  publication  of  Part  I.  Sheridan  Lea  mentions  an  experi- 
ment made  with  yeast  and  cane  sugar,  the  result  of  which  led  him 
also  to  infer  that  invertase  does  not  pass  out  of  the  yeast  cell  when 
the  latter  inverts  cane  sugar. 

A  portion  of  a  solution  of  cane  sugar  which  was  fermented  with 
fresh  active  yeast  was  freed  from  the  yeast  by  filtration,  and  the 
filtrate  added  to  a  solution  of  cane  sugar.  This  solution  was 
observed  to  be  "  dextrorotatory,"  and  remained  so  after  digestion 
for  24  hours  at  38°.  I  take  it  that  Dr.  Lea  means  the  dextrorotatory 
power  of  the  solution  remained  constant  after  digestion  for  the  time 
mentioned. 

A  summary  of  the  conclusions  which  I  would  draw  from  the 
results  herein  described  is  given. 

1.  The  hydrolytic  action  of  yeast  at  ordinary  temperatures  (12°  to 
20°)  follows  the  same  course  as  that  of  a  simple  chemical  change,  and 

•is  not  influenced  either  by  air  or  by  carbon  dioxide. 

2.  A  time  curve  representing  the  action  would  correspond  with 
that  given  by  O'Sullivan  and  Tompson  (Trans.,  1890,  57,  878)  for 
invertase,  under  the  most  suitable  conditions  of  acidity.  The  rate, 
therefore,  differs  from  that  at  which  the  alcoholic  fermentation  of 
yeast  takes  place,  which  w^ould  be  represented  by  a  straight  line 
(Dumas,  Ann.  Chim.  Fliys.  [3],  1874,  81 ;  and  A.  J.  Brown,  this  vol., 
p.  384). 
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3.  Any  change,  either  by  increasing  or  diminishing  the  natural 
acidity  of  the  yeast  cell  diminishes  its  action.  This  is  a  very  im- 
portant matter,  and  should  always  be  considered  when  dealing  with 
organisms,  or  cellular  membranes,  possessing  the  power  of  hydro- 
lysing  cane  sugar.  Dumas  observed  that  both  acids  and  alkalis 
interfered  with  alcoholic  fermentation,  and  that  in  the  case  of  alkalis 
the  yeast  possessed  the  power  of  overcoming  the  alkalinity,  the  liquid 
again  becoming  acid  and  fermentation  recommencing.  It  is  found 
that  a  quantity  of  potassium  hydrate  which  completely  arrested  the 
hydrolytic  action  of  yeast  for  three  to  six  hours  was  neutralised  by 
the  yeast  in  about  24  hours,  the  solutions  eventually  becoming  acid 
and  hydrolysis  recommencing. 

4.  It  is  inferred,  from  the  experiments  on  the  effect  of  rupturing 
the  cell,  on  the  velocity  of  the  hydrolytic  action,  and  also  from  the 
rate  at  which  the  change  proceeds,  that  the  whole  of  the  invertase  of 
the  yeast  cell  comes  into  action  as  soon  as  the  cane  sugar  is  added  to 
the  yeast,  and  that  it  continues  to  act  during  the  progress  of  the 
hydrolytic  action. 

5.  The  power  which  yeast  possesses  of  producing  alcoholic  fermenta- 
tion is  not  altered  in  any  way  by  the  yeast  having  first  hydrolysed 
cane  sugar,  and  this  is  the  case  whether  the  hydrolytic  action  is 
brought  about  in  the  first  instance  in  the  presence  of  air  or  carbon 
dioxide. 


LXXXII. — Imidosul/phonates. 

By  Edward  Divees,  M.D.,  F.R.S.,  and  Tamemasa  Haga,  F.C.S. 

This  paper  gives  the  results  of  an  investigation  of  the  hitherto- 
unknown  sodium  imidosulphonates  and  their  derivatives,  as  well  as 
of  some  new  ammonium  and  potassium  salts.  In  addition,  several 
mixed  tribasic  salts  which  show  peculiarities  in  their  constitution 
are  described,  particularly  those  of  lead,  of  silver,  and  of  mercury. 
A  description  is  also  given  of  the  experimental  determination  of  the 
nature  of  Rose's  "  sulphatammon,"  a  compound  of  1  mol.  of  sulphur 
trioxide  with  2  mols.  of  ammonia. 

History.— Rose  (1834—1840;  Aim,  Phys.  Ghem.,  32,  81;  47,  471 ; 
49,  183)  ;  Jacquelain  (1843  ;  Ann.  Chim.  Phys.  [3],  8,  293)  ;  Fremy 
(1845  ;  ibid.  [3],  15,  408)  ;  Woronin  (1859 ;  J.  Bass.  Ghem.  Soc,  3, 
'iJ73)  ;  Glaus  and  Koch  (1869 ;  Annalen,  152,  336)  ;  Berglund  (1875  ; 
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L.  univ.  Arsk.,  12  and  13  ;  Bull.  Soc.  Chim.,  25,  455  ;  29,  422  ; 
Ber.,  9,  252  and  1896)  ;  Rascliig  (1887  ;  Annalen,  241,  161)  ;  and 
Mente  (1888 ;  ibid.,  248,  232)  are  the  cliemists  who  have  examined 
the  inorganic  salts  now  known  as  imidosulphonates.*  The  constitu- 
tion of  these  salts  has  been  established  mainly  through  investigations 
by  Rose,  Jacquelin,  and  Berglund. 

In  1834,  Rose  discovered  that  when  the  compounds  of  sulphur  tri- 
oxide  with  ammonia,  which  he  called  "  sulphatammon  "  and  "  para- 
sulphatammon,"  are  freshly  dissolved  in  water,  they  give  the  reac- 
tions of  a  sulphate  very  incompletely  or  not  at  all,  and  do  not  yield 
up  all  their  nitrogen  as  ammonia  to  chloroplatinic  acid  and  other 
reagents. 

Jacquelain  discovered  that  the  stable  compound  of  sulphur  tri- 
oxide  and  ammonia,  his  "  sulphamide,"  is  derived  from,  2  mols.  of  the 
oxide  and  3  mols.  of  ammonia. 

Berglund  determined  the  constitution  of  this  stable  compound  to 
be  imidosulphonic,  by  ascertaining  that  it  behaves  as  an  ordinary 
■ammonium  salt  only  to  the  extent  of  two-thirds  of  its  nitrogen. 

To  Fremy  is  due  the  discovery  that  hydrolysis  of  the  main  product 
of  the  action  of  a  nitrite  upon  a  sulphite  yields  a  salt,  his  "  sulph- 
amidate,"  now  known  to  be  an  imidosulphonate ;  and  that  this  salt 
exhibits  the  reactions  which  are  neither  those  of  a  nitrite  nor  of  a 
sulphite,  and  that  it  can  be  so  far  hydrolysed  as  to  yield  ammonia. 

Fremy  and,  subsequently,  Claus  and  Koch  attributed  to  this  salt  a 
composition  which  was  that  of  an  addition  compound  of  ammonia, 
but  Berglund  showed  that  this  was  incorrect,  as  he  established  the 
identity  of  Fremy's  potassium  sulphamidate,  andClaus's  "  disulpham- 
monate,"  with  potassium  imidosulphonate  prepared  from  ammonium 
imidosulphonate  obtained  by  the  action  of  ammonia  on  chlorosulph- 
onic  acid.  Mendeleeff  (abstr.  in  Ber.,  3,  872)  had  just  before  this 
suggested  such  a  constitution  as  possibly  belonging  to  Fremy's 
sulphamidates.  In  his  Principles  of  Chemistry  (1891),  however, 
apparently  unaware  of  Berglund's  results,  he  treats  parasulphat- 
ammon  as  being  ammonium  amidosulphonate.  More  recently, 
Raschig  showed  that  the  properties  of  Fremy's  salts  are  inconsistent 
with  Claus's  view  that  they  are  compounds  containing  quinquevalent 
nitrogen. 

Claus  recognised  the  sulphonic  constitution  of  these  salts,  whilst 
Berglund's  discovery  that  they  are  formed  by  the  mutual  action  both 
of  sulphur  trioxide  and  ammonia,  and  of  sulphur  dioxide  and  a 
nitrite,  supplied  an  admirable  confirmation  of  Claus's  theory. 

*  Woronin's  paper  we  only  know  from  abstracts  in  the  Jahreshericht  and  Watts* 
Dictionary.  Berglund's  memoir  also,  in  the  Lunds  universitdts  Arskrift^  we  have 
not  seen. 
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Alfchougli,  as  we  shall  demonstrate,  Rose,  Jacquelain,  Fremy,  and 
Woronin  had  all  prepared  imidosnlphonates  with  three  equivalents 
of  base,  as  well  as  those  with  two,  to  one  of  nitrogen,  yet  no  clear 
conception  of  these  compounds  as  salts  of  an  acid  higher  than  bibasic 
had  been  formed  before  they  were  examined  by  Berglund,  who 
showed  that  they  were  derivatives  of  a  tribasic  acid,  in  which  both 
the  aminic,  and  the  sulphonic,  hydrogen  is  basic.  He  was  the  first 
to  prepare  the  tripotassium  and  some  other  analogous  salts. 

It  will  be  seen  that  the  existence  of  imidosulpho nates  with  three 
equivalents  of  base,  first  observed  by  Berglund,  makes  the  term 
imidosulphonate,  which  he  himself  introduced,  a  misnomer,  since  in 
these  salts  all  the  hydrogen  atoms  in  ammonia  are  displaced.  As. 
however,  no  simple  way  out  of  this  difficulty  presents  itself,  we  have 
adopted  the  name  as  Baschig  and  Mente  had  done  previously. 

Imldosulplionic  Acid. 

Imidosulphonic  acid,  HN(S03H)2,  first  prepared  by  Jacquelain, 
has  only  been  obtained  in  solution.  We  have  employed  his  process, 
which  consists  in  treating  the  lead  salt,  suspended  in  water,  with 
hydrogen  sulphide,  using  special  care  to  have  the  lead  salt  as  free  as 
possible  from  sodium.  It  was  decomposed  by  the  hydrogen  sulphide 
with  very  sensible  elevation  of  temperature,  and  this  strengthened  our 
expectation  that  the  acid  must  be  hydrolysed  almost  as  fast  as  it  is 
formed ;  this,  however,  was  found  not  to  be  the  case,  as,  on  filtering 
rapidly  with  the  aid  of  a  vacuum  pump,  it  gave  a  concentrated  solu- 
tion containing  very  little  sulphuric  acid,  and  therefore  very  little 
amidosulphonic  acid. 

The  imidosulphonic  acid  was  fully  identified  by  the  abundant  pre- 
cipitate which  it  gave  with  excess  of  baryta-water  being  readily 
soluble  in  nitric  acid,  with  the  exception  of  a  little  sulphate ;  and 
particularly  by  its  yielding  an  abundant  crystalline  precipitate  with 
potassium  acetate.  Jacquelain  converted  his  acid  into  the  very 
soluble  dibarium  salt  by  just  neutralising  the  acid  with  baryta, 
although  he  was  aware  that  excess  of  baryta  would  give  him  the 
insoluble  salt.  On  leaving  the  solution  of  the  acid  in  a  vacuum 
desiccator,  we  found  that  it  became  almost  wholly  hydrolysed  to 
amidosulphonic  acid  in  18  hours  or  less. 

,  Fremy  attempted  to  prepare  the  acid  by  adding  hydrofluosilicic 
acid  to  potassium  imidosulphonate,  but  found  that  the  acid  decom- 
posed almost  immediately,  the  products  of  decomposition  being 
•sulphuric  acid,  sulphurous  acid,  and  ammonia,  but  in  this  he  must 
iave  erred.  Berglund  prepared  the  acid  as  Jacquelain  had  done,  and 
found  it  very  unstable. 
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We  find  that  dry  dipotassium  imidosulplionate  may  be  mixed  with 
dry  potassium  hydrogen  sulphate,  and  fused  without  being  aifected. 
At  temperatures  high  enough,  however,  420 — 450°,  the  imidosulph- 
onate  suffers  the  same  decomposition  as  when  heated  alone.  To 
prevent  decomposition  of  the  salts,  moisture  must  be  excluded,  and 
we  have  therefore  worked  in  a  Sprengel-pump  vacuum.  When  the 
fused  mixture  of  the  two  salts  is  cooled,  powdered,  and  treated  with 
alcohol  or  ether,  only  a  very  little  sulphuric  acid  passes  into  solution. 

Dipotassium  imidosulphonate,  in  dry,  fine  powder,  mixed  with 
2  mols.  of  sulphuric  acid  of  sp.  gr.  1'84,  forms  a  thin  paste,  which,  if 
kept  in  a  dry  atmosphere,  soon  solidifies  to  a  hard,  somewhat  trans- 
lucent mass.  This  when  powdered  and  exposed  to  air  does  not 
deliquesce,  neither  does  it  undergo  any  apparent  change  if  left  for- 
days  in  dry  air.  On  dissolving  such  a  preparation  in  water  to  which 
a  little  potassium  hydroxide  has  been  added- to  guard  against  hydro- 
lysis, it  yields  much  unchanged  imidosulphonate,  together  with 
amidosulphonate,  but  no  ammonia.  The  presence  of  amidosulphonate- 
is  no  doubt  due  to  water  taken  up  from  the  air  during  mixing,  and 
from  the  sulphuric  acid  itself,  and  lastly,  to  some  degree,  during  its. 
dissolution  in  water,  in  spite  of  the  alkali  present.  When  heated, 
the  mass  very  readily  fuses  and  gives  off  sulphuric  acid  and  sulphur- 
dioxide.  Jacquelain  observed  a  similar  behaviour  with  sulphuric 
acid,  hot  and  cold,  in  diammonium  imidosulphonate. 

The  comparatively  slight  action  of  concentrated  sulphuric  and 
nitric  acids  was  noticed  by  Fremy,  and  by  Glaus  and  Koch.  No- 
evidence,  therefore,  has  been  obtained  of  any  action  of  suljshuric  acid 
on  a  dry  imidosulphonate  such  as  would  be  expressed  by  the  equa- 
tion 

HN(S03K)2  +  2SO4H2  =  HN(S03H)2  +  2HKSO4. 

Ammonium  Imidosulphonates. 

Diammonium  Lnidosuljohonate,  HN(S03NH4)2. — The  diammonium- 
salt  can  be  prepared  from  ammonia  and  sulphur  trioxide  (Rose,. 
Jacquelain,  Woronin),  or  chlorosulphonic  acid  (Berglund,  Mente),  or 
sulphuryl  chloride  or  pyrosulphuryl  chloride  (Mente).  It  is  obtained 
when  nitrous  gas  is  passed  into  an  ice-cold  solution  of  ammonium 
sulphite,  and  the  product  hydrolysed  (Fremy).  It  is  also  formed 
together  with  ammonia  on  heating  ammonium  amidosulphonate  to 
160"  (Berglund). 

The  decomposition  of  barium  imidosulphonate  by    a    solution  of 
ammonium  sulphate  can  only  be  very  imperfectly  accomplished,  but  by      « 
treating  it  first  with  dilute  sulphuric  acid  in  quantity  barely  suffi-    fl 
cient  to  convert  it  into  the  soluble  barium  hydrogen  salt  (p.  965),. 
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and  then  adding  ammonium  sulphate  until  the  barium  is  completely 
precipitated,  diammonium  iniidosulphonate  can  be  prepared  in  a 
satisfactory  manner.  Another  method  is  to  decompose  either  of  the 
hydroxy-lead  imidosulphonates  (p.  970,  et  seq.)  with  a  solution  of 
ammonium  carbonate. 

Triargentic  imidosulphonate  (p.  974),  stirred  with  a  solution 
containing  the  equivalent  quantity  of  ammonium  bromide,  has  been 
our  source  of  the  diammonium  salt.  The  solution  of  triammonium 
salt  thus  produced  is  decanted  from  the  silver  bromide,  evaporated 
on  a  water-bath  until  ammonia  almost  ceases  to  be  given  off,  and 
filtered  from  a  little  silver  bromide.  To  obtain  the  salt  in  a  crystal- 
line state,  the  solution  generally  requires  further  evaporation,  but  is 
kept  alkaline  by  occasionally  adding  a  drop  of  strong  ammonia,  so  as 
to  avoid  hydrolysis  into  amidosulphonate  during  the  operation. 

Diammonium  imidosulphonate  forms  monosymmetric  prisms,  iso- 
morphous  with  the  potassium  salt  (Miinzing  and  Raschig).  In  its 
general  reactions  it  is  like  the  sodium  and  potassium  salts.  It 
reddens  blue  litmus  even  while  still  quite  free  from  sulphuric  acid 
( Jacquelain) . 

The  effect  of  heating  it  was  tried  by  Rose,  and  is  described  in  the 
first  of  his  papers  on  the  "  sulphatammons."  According  to  him  the 
products  differ  little  from  those  obtained  on  heating  ammonium 
sulphate,  except  that  there  is  no  water  present.  Ammonia  and 
sulphur  dioxide  are  evolved,  first  the  former,  then  principally  the 
latter.  The  residue  consists  of  acid  ammonium  sulphate  if  the  tem- 
perature is  not  too  high.  In  the  neck  of  the  retort,  ammonium 
sulphite  and  sulphate  are  found ;  in  the  receiver,  the  former  salt  only. 
He  found  that,  when  the  salt  is  heated  in  gaseous  ammonia,  but  little 
sulphate  is  formed. 

This  account  given  by  Rose  of  the  effect  of  heating  diammonium 
imidosulphonate  is  essentially  incomplete,  but  is  true  to  the  extent 
that  ammonia,  first,  and  then  sulphur  dioxide,  are  evolved,  that  these 
two  partly  condense  as  a  sublimate,  and  that  acid  sulphate  is  formed. 
Heating  in  a  roomy  retort,  and  thus  permitting  the  action  of  moist 
air,  favours  the  change  here  described,  and  brings  it  still  nearer  to 
that  caused  by  the  action  of  heat  on  ammonium  sulphate. 

Jacquelain  states  that  it  is  fusible  without  decomposition,  and 
may  be  kept  fused  without  change  if  heated  in  a  current  of  dry 
ammonia,  but  that,  a  little  above  its  melting  point,  it  decomposes 
into  ammonia,  and  ammonium  sulphite,  which  sublimes,  whilst  a 
residue  of  ammonium  hydrogen  sulphate  Is  left. 

We  are  unable  to  confirm  this.  Diammonium  imidosulphonate, 
which  heated  in  a  vacuum,  suffers  no  change  (except  that  it  jields  a 
very  minute  liquid  sublimate  at  190°)  until  very  near  to  857",  when 
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it  melts  and  effervesces  or  boils.  Most  of  the  vapours  condense  as 
unclianged  imodosulphonate  just  above  the  heated  part  of  the  tube, 
but  a  little  ammonia  is  given  off.  At  last,  inconsiderable  sublimates, 
white  and  yellow,  appear  some  distance  up  the  tube,  consisting  of 
compounds  of  ammonia  with  sulphur  dioxide,  and  during  their  form- 
ation, minute  quantities  of  nitrogen  are  liberated.  On  stopping  the 
operation  in  an  hour  or  two,  when  the  evolution  of  gas  is  scarcely 
noticeable,  the  residue  is  found  to  be  unchanged  imidosulphonate 
mixed  with  a  little  acid  sulphate.  When  the  salt  is  subjected  to  a 
stronger  heat,  so  as  to  be  kept  in  violent  ebullition,  most  of  the  un- 
changed salt  condenses  and  flows  back,  and  but  little  of  it  is  got  as 
a  sublimate.  On  the  other  hand,  there  is  more  of  the  sulphite- 
ammonia  sublimates,  although  they  are  still  not  abundant,  and 
nitrogen  is  now  given  off  more  freely  ;  the  quantity,  however,  as 
well  as  that  of  the  ammonia,  is  small,  even  if  the  heating  is  main- 
tained for  a  long  time.  In  one  experiment,  after  about  an  hour's 
violent  ebullition,  the  residue  on  being  dissolved  in  sodium  hydroxide 
solution  in  a  closed  vessel,  and  titrated  with  acid,  was  found  to 
contain  about  one-fifth  of  its  weight  of  ammonium  pyrosulphate. 

From  what  precedes  it  is  evident  that  diammonium  imidosulphonate 
is  a  comparatively  stable  compound,  boiling  and  for  the  most  part 
condensing  unchanged.  Ifc,  however,  decomposes,  but  only  very  slowly, 
even  when  more  strongly  heated,  into  nitrogen  ammonia,  water, 
sulphur  dioxide,  and  sulphur  trioxide,  thus  : — 

eHNCSOsNHOa  =  2^2  4-  14NH3  +  6HoO  +  6SO3  -f  6SO3, 
.these  products  then  partly  condensing,  and  yielding,  finally, 

2N2  +  2NH3  +  3S205(NH4)2  +  30(S03NH4)2. 
The  ammonia  first  given  off  unmixed  with  nitrogen  is  no  doubt 
attributable  to  the  action  of  moisture  in  the  somewhat  deliquescent 
salt.  This  water  would  cause  the  hydrolysis  of  its  molecular  equi- 
valent of  the  salt  into  amidosulphonate  and  acid  sulphate,  and  then, 
by  further  heating,  into  pyrosulphate  and  ammonia : — 

HNCSOaNHOa  +  H2O  =  H2N-S03NH4  +  H0-S03NH4  =  1I^N 

+    0(S03NH4)2. 

Experiments  by  one  of  us,  as  yet  unpublished,  have  fully  estab- 
lished the  existence  of  the  undescribed  salt,  ammonium  pyrosulphate, 
0(S03NH4)2,  referred  to  above. 

Triammonium  Imidosulphonate  (hydrated). — This  salt,  hitherto  un- 
described, is  formed  by  the  union  of  ammonia  with  diammonium 
imidosulphonate  in  presence  of  water.  The  ammonia  must  be  in 
excess,  otherwise  the  salt  is  partly  decomposed  by  water.     The  most 
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concentrated  ammonia  solution  precipitates  it  from  a  saturated  solu- 
tion of  the  diaramonium  salt ;  also  from  a  concentrated  solution  of 
the  disodium  salt,  but  in  that  case  it  is  mixed  with  sodium  ammonium 
salt  (p.  961).  Gaseous  ammonia  acts  similarly  and  much  more  effec- 
tively. As  thus  obtained,  it  is  a  crystalline  powder,  but  it  can  be  got 
in  large  crystals  by  dissolving  it,  or  the  diammoniam  salt,  to  satura- 
tion in  moderately  strong  ammonia,  in  a  closed  vessel  by  the  aid  of 
heat,  and  allowing  the  solution  to  cool.  The  largest  crystals  are  pre- 
pared by  evaporating  its  ammoniacal  solution  in  a  desiccator,  over 
solid  potassium  hydroxide,  and  in  a  strongly  ammoniacal  atmosphere. 

The  crystals  resemble  those  of  the  tripotassium  salt,  and  are, 
therefore,  asymmetric.  They  are  clear  and  lustrous,  but  gradually 
effloresce  (mostly  through  loss  of  ammonia),  and  become  opaque  and 
damp.  The  salt  when  dry  smells  faintly  of  ammonia,  and  its  crystals, 
in  a  dry  ammoniacal  atmosphere  over  solid  potassium  hydroxide 
very  slowly  become  anhydrous  and  opaque  throughout,  while  retain- 
ing much  of  their  lustre  and  hardness. 

When  heated,  the  salt  is  converted  mainly  into  the  diammonium 
salt,  but  to  some  extent  it  melts,  loses  both  ammonia  and  water,  and 
hydrolyses  into  sulphate. 

If  dissolved  in  water,  it  decomposes,  but  very  incompletely,  into- 
the  diammonium  salt  and  ammonia,  and  the  solution  when  evapo- 
rated in  the  open  air  yields  crystals  of  the  diammonium  salt  only^ 
Hence,  when  either  the  trisodium  or  the  tripotassium  salt  is  mixed 
with  ammonium  chloride,  much  ammonia  is  liberated. 

It  was  analysed  sufficiently  by  heating  it  to  160°  very  gradually  in 
a  current  of  dried  air,  in  order  to  determine  the  water  and  third  atom 
of  ammonia.  The  sulphur  was  also  estimated,  and  the  salt  w^as  thus 
proved  to  have  a  composition  analogous  to  that  of  the  potassium  salt, 
namely,  NH4'N(S03NH4)2,OH2.  The  crystals,  after  rapid  pressure  in 
filter  paper,  were  damp  but  transparent,  and  when  analysed  gave  the 
following  results  : — 

Calculated.  Found. 

Sulphur 26-0  25-4 

Loss  at  160° 14-2  160 

Anhydrous  Triammonium  Imldosulphonate ;  ^^  Sulphatammoji.^' — An- 
hydrous triammonium  imidosulphonate  is,  as  we  shall  show,  Rose's 
sulphatammon.  Rose  found  that  dry  ammonia  conducted  into  a 
flask  lined  with  sulphur  trioxide  combines  with  the  trioxide  yielding 
two  products,  one  a  hard,  vitreous  matter,  replacing  the  lining  of 
sulphur  trioxide,  the  other  a  loose,  flocculent  deposit. 

Jacquelain  got  the  same  flocculent  substance  when  he  mixed 
vapour  of  sulphur  trioxide  with  dry  ammonia  in  excess.     Rose  found 
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that  botli  the  flocculent  and  vitreous  matters  when  dissolved  in 
water  and  evaporated  yielded  crystals  of  the  same  substance,  but 
that  the  vitreous  matter  was  often  acid,  through,  as  he  considered, 
imperfect  action  of  the  ammonia.  The  crystals  which  he  separated 
from  the  solution  he  called  'parasulphatammon ;  they  are  now  known 
to  be  diammonium  imidosulphonate,  and  from  what  we  ourselves 
have  seen  of  sublimed  diammonium  imidosulphonate,  we  have  very 
little  doubt  but  that  the  vitreous  matter  is  the  same  salt,  and  that 
the  acid  reaction  occasionally  observed  is  due  to  hydrolysis.  From 
this  it  follows  that  the  crystals  are  formed  from  three  volumes  of 
ammonia  and  two  of  sulphur  trioxide,  whilst  Rose  made  out  that 
they  had  the  same  composition  as  the  undissolved  flocculent  matter, 
and  were  formed  therefore  from  two  volumes  of  ammonia  and  one  of 
sulphur  trioxide.  He  recognised,  however,  such  differences  in  their 
properties  that  he  held  them  to  be  distinct,  and  called  the  flocculent 
matter  sulphatammon.  Jacquelain  prepared  parasulphatammon  from 
the  flocculent  matter  by  two  methods,  both  without  the  use  of  water. 
He  found  it  to  be  variable  in  composition,  and  one  of  his  methods  of 
getting  crystalline  pure  parasulphatammon  from  it  was  to  fuse  it  in 
a  current  of  ammonia,  allow  it  to  solidify,  and  then  stop  the  further 
entrance  of  ammonia  before  it  cooled.  His  other  method  was  to 
expose  the  flocculent  matter,  first,  over  sulphuric  acid  in  a  vacuum 
till  it  ceased  to  lose  weight,  and  then  to  a  moderate  heat,  which 
caused  a  further  loss. 

Having  in  a  most  careful  manner  proved  that  Rose's  analysis  of 
parasulphatammon  was  incorrect,  Jacquelain  himself  no  less  strangely 
misconstrued  the  facts  he  had  correctly  observed.  He  found  that 
parasulphatammon,  prepared  by  the  action  of  heat,  if  allowed  to 
cool  in  contact  with  ammonia,  absorbed  it ;  further  that  the  flocculent 
matter,  named  sulphatammon  by  Rose,  would  lose  from  6  to  9  per 
cent,  of  its  w^eight  in  a  vacuum  over  sulphuric  acid,  and  the  residue, 
if  heated  to  100'',  gave  up  more  ammonia,  leaving  parasulphatammon, 
as  already  mentioned.  But  he  treated  these  phenomena  as  a  case  of 
the  physical  absorption  of  gases  by  porous  solids,  and  likened  the 
ammonia  lost  or  taken  up  to  hygroscopic  moisture.  Yet  a  compound 
of  2  mols.  of  sulphur  trioxide  with  4  mols.  of  ammonia  has  to  lose  as 
ammonia  only  7i  per  cent,  of  its  weight  in  order  to  become  a  com- 
pound of  2  mols.  of  sulphur  trioxide  with  3  of  ammonia.  As  for  the 
high  loss  of  9  per  cent,  recorded,  that,  if  correctly  observed,  may 
have  been  due  to  loss  of  moisture,  for,  as  Rose  found,  sulphatammon 
is  markedly  hygroscopic,  and  loses  the  moisture  again  at  100°. 

Sixteen  years  later,  Woronin  first  established  the  accuracy  of 
Rose's  analysis  of  the  flocculent  matter,  sulphatammon,  and  then 
showed  that  this  and  parasulphatammon  were  difl^erent  salts  of  the 
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same  acid.  Another  16  years  later,  Bergland  claimed  for  sulphat- 
ammon  that  it  must  be  triammonium  imidosulphonate,  since  para- 
sulphatammon  had  proved  to  be  diammonium  imidosulphonate.  But 
then,  opposed  to  this  conception  of  its  nature  there  were  the  facts, 
first,  that  Rose  had  made  no  mention  of  its  evolving  ammonia  when 
it  was  dissolved  in  water,  and  evaporated,  so  as  to  yield  parasulphat- 
a.mmon  ;  secondly,  that  Raschig,  much  more  recently,  had  dissolved 
an  old  specimen  of  parasulphatammon  in  ammonia  solution,  and  on 
evaporation  over  sulphuric  acid  got  only  parasulphatammon  again ; 
and,  lastly,  what  is  known  to  ourselves,  at  least,  that  trisodium,  or  tri- 
potassium,  or  triargentic  imidosulphonate,  when  decomposed  by  ammo- 
nium chloride  solution,  sets  free  much  ammonia.  It  seemed  to 
us,  therefore,  at  first  to  be  as  evident  as  it  was  probable  that  imido- 
sulphonic  acid  could  not  fix  a  third  atom  of  ammonia  along  with  its 
imidic  hydrogen,  and  that  Berglund's  view  might  not  be  right. 

Experiment  has,  however,  established  that  sulphatammon  is,  as 
Berglund  considered  it,  the  triammonium  salt.  Crystals  of  the  di' 
ammonium  salt  were  coarsely  ground  (they  are  somewhat  hygro- 
scopic, as  just  stated,  and  slip  under  the  pestle,  and  so  are  not  readily 
ground  fine),  and  of  this  powder,  a  quantity  equal  to  2'29  grams  if 
dried  at  100°,  was  exposed  to  a  current  of  carefully  dried  ammonia, 
of  which  it  absorbed  in  two  hours  5J  per  cent.,  and  in  two  hours  more 
another  ^  per  cent.,  making  altogether  6^  per  cent.,  the  temperature 
being  20° ;  the  calculated  quantity  is  8  per  cent.,  but,  considering 
the  coarseness  of  the  particles  and  the  temperature,  the  result  ob- 
tained may  be  regarded  as  satisfactory.  .  The  absorption  of  ammonia 
was  attended  with  a  very  considerable  change  in  the  volume  of  the 
solid,  and  converted  it  into  a  bulky  non-coherent,  amorphous  powder, 
the  odour  of  which  was  only  feebly  ammoniacal.  When  dissolved 
in  water,  it  became  strongly  ammoniacal,  and  the  solution  gave  a 
copious  precipitate  with  barium  chloride,  and  otherwise  behaved  as  a 
solution  of  the  crystalline  hydrated  salt,  which  salt,  indeed,  it 
yielded  when  treated  with  gaseous  ammonia.  Evaporation  of  the 
solution  gave  crystals  of  the  diammonium  salt,  which  is  just  what 
Woronin  observed  with  sulphatammon,  the  latter  being  converted  into 
parasulphatammon. 

On  exposing  it  in  a  desiccator  over  sulphuric  acid  for  three  days  at 
a  temperature  of  about  20°,  we  found  that  it  lost  only  about  -^  per 
cent,  of  its  weight,  so  that  probably  the  pure  dry  salt  loses  am- 
monia only  in  a  damp  atmosphere,  although  indeed  Jacquelain  has 
found  sulphatammon  (probably  damp)  sometimes  give  up  much 
ammonia  in  a  vacuum  over  sulphuric  acid.  Having  observed  the  loss 
of  ammonia  to  be  so  slight  at  the  ordinary  temperature,  we  heated 
the  same  portion  in  a  curi'ent  of  well-dried  air  for  1 J  hours  at  a  tern- 


952  DIVERS   AND   HAGA  :   IMIDOSULPHONATES. 

perature  of  100 — 120",  and  then  found  that  the  issuing  air-  still  con- 
tained ammonia.  The  salt  cooled  and  re  weighed  had  lost  only  5*4  per 
cent,  in  weight  during  this  heating,  and  when  dissolved  in  water  and 
tested  showed  that  some  triamraonium  salt  was  still  present. 

From  what  precedes,  it  is  evident  that  triammonium  imidosulphon- 
ate  is  comparatively  stable  in  the  anhydrous  state,  and  that  Rose's 
sulphatammon  is  this  salt.  Formed,  as  here  described,  from  another 
imidosulphonate  without  hydrolysis,  it  cannot  be  ammonium  amido- 
sulphonate,  as  it  is  commonly  assumed  to  be  (as  in  MendeleefE's 
Principles  of  Chemistry  and  Ramsay's  System  of  Inorganic  Chemistry). 
Further,  its  conversion  by  heat  into  parasulphatammon  and  ammonia 
affords  no  proof  that  it  is  ammonium  amidosulphonate,  for  the  latter 
would  only  be  changed  at  temperatures  above  160°.  A  salt  which  is 
certainly  ammonium  amidosulphonate  can  be  prepared  by  processes 
which  include  the  hydrolysis  of  an  imidosulphonate,  but  it  is  quite 
a  different  substance.  According  to  Berglund,  it  crystallises  in  large 
plates,  and  is  not  converted  into  imidosulphonate  and  ammonia  unless 
it  is  heated  at  160°.  It  is  not  readily  decomposed  by  water,  is  neutral 
in  reaction,  and  does  not  precipitate  barium  salts,  facts  verified  for  us 
by  Mr.  Y.  Osaka. 

Imidosulphonamide,  ILN(S0o'^}Io)2. — Mente  finds  that  this  com- 
pound is  produced  by  the  action  of  ammonia  upon  pyrosulphuryl 
chloride.  Diammonium  imidosulphonate,  when  heated  to  its  sublim- 
ing point,  may  possibly  yield  it,  but  as  at  ordinary  temperatures  it 
reacts  at  once  with  water  to  form  diammonium  imidosulphonate,  its 
presence  cannot  be  tested  for. 


Potassiuvi  Imidosuljphonates. 

Pipotassinm  Imidosulphonate. — This  salt  was  obtained  by  Fremy  by 
the  hydrolysis  of  potassium  nitrilosulphonate,  formed  by  the  action  of 
sulphite  upon  nitrite.  Glaus  and  Raschig  have  both  published 
accounts  of  the  preparation  of  the  salt  in  this  way.  It  has  also  been 
obtained  by  double  decomposition  from  diammonium  imidosulphonate 
and  a  potassium  salt  (Fremy,  Berglund)  ;  also  by  Woronin  from  the 
diammonium  salt  by  converting  it  into  Jacquelain's  barium  salt  and 
decomposing  that  with  potassium  sulphate. 

Imidosulphonates  may  be  readily  enough  prepared  from  nitrilo- 
sulphonates  by  hydrolysis,  but  as  the  two  potassium  salts  are  only 
sparingly  soluble  in  water,  and  the  imide  salt  very  readily  passes  into 
the  amide  salt  by  further  hydrolysis,  the  method  of  preparation  of 
dipotassium  imidosulphonate  hitherto  employed  gives  very  uncertain 
results.  On  the  other  hand,  the  conversion  of  sodium  nitrilosulphon- 
ate into  disodium  imidosulphonate  can  be  effected  very  easily  and 
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completely  ;  and  as  tlie  disodium  imidosulphonate  is  very  soluble,  the 
insoluble  potassium  salt  can  be  prepared  from  it  by  double  decomposi- 
tion without  any  trouble.  Prepared  in  this  way,  it  is  very  pure,  and 
consequently  stable.  It  can  also  be  recovered  from  mercuric  dipotas- 
sium  imidosulphonate  by  the  action  of  nitric  acid  (p.  977). 

Dipotassium  imidosulphonate  is  also  formed  when  potassium  amido- 
sulphonate  is  heated.  Our  earliest  knowledge  of  this  interesting 
change— 2H2NSO3K  =  H3N  +  HN(S03K)2— is  due  to  Berglund. 
We  ourselves  find  that  at  or  just  below  350°  this  change  takes  place 
readily,  the  gas  evolved  being  ammonia,  and  free  from  nitrogen.  At 
this  temperature,  the  salt  fused,  and  then  gradually  solidified  as  the 
decomposition  proceeded ;  the  salt  we  used  was  not  pure,  however, 
being  mixed  with  potassium  sulphate. 

The  effect  of  heat  on  dipotassium  imidosulphonate  has  also  been 
studied  by  us.  Below  the  softening  point  of  soft  lime-glass,  the  dry 
dipotassium  salt  in  a  dry  atmosphere  does  not  undergo  any  notable 
change,  but  in  a  Sprengel  vacuum,  it  evolves  gas,  although  very  slowly 
and  of  very  low  tension,  and  yields  a  very  slight  sublimate  between 
560°  and  440°.  At  the  temperature  of  actual  decomposition,  it  melts 
and  boils,  the  change  which  occurs  being  expressed  by  the  equa- 
tion 

3HN'(S03K)2  =  N2  +  NHs  -r  SSO^  +  3K2SO4. 

The  ammonia  and  some  of  the  sulphur  dioxide  unite  to  form  a 
Tather  volatile,  yellowish-brown  sublimate,  and  a  less  volatile,  white 
sublimate,  both  of  which  readily  give  the  reactions  for  ammonia 
and  sulphur  dioxide  when  dissolved  in  water.  The  brown  subli- 
mate gives  a  clear,  colourless  solution.  Both  sublimates  appear  to 
have  been  obtained  by  Rose  from  sulphur  dioxide  and  ammonia. 
Probably,  judging  from  Mente's  researches,  the  yellow  compound  is 
nitrogen  sulphide,  and  the  white  is  sulphamide.  The  permanent 
gases  consist  of  one  volume  of  nitrogen  to  somewhat  more  than  two 
of  sulphur  dioxide.  We  had  expected  to  be  able  to  get  evidence  of 
the  intermediate  formation  of  nitrilosulphonate — 3HN(S03K)2  =  H3N" 
+  2N(S03K)3 — by  arresting  the  decomposition  before  it  had  gone 
very  far,  and  by  carefully  regulating  the  temperature,  but  we  were 
as  unsuccessful  as  in  the  case  of  the  diammonium  salt. 

Fremy  observed  that  the  action  of  heat  gave  rise  to  potassium 
sulphate,  sulphur  dioxide,  ammonia,  and  a  coloured  sublimate. 
Claus  and  Koch  recorded  the  decomposition  of  the  salt  above  200° 
sharply  with  the  same  results.  But  neither  chemist  mentions  the 
still  more  abundant  white  sublimate,  and,  what  is  of  more  significance, 
the  nitrogen ;  had  they  done  so,  it  would  have  been  seen  that  the 
salt  is  not  an  addition  compound  of  ammonia,  as  they  supposed. 
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One  of  the  remarkable  properties  possessed  by  imidosulphonates, 
as  well  as  by  oximidosulphonates,  is  that  of  hydrolysing  at  a  suffi- 
ciently high  temperature  by  fixing  the  moisture  of  the  air.  Glaus 
had  observed  slow  increase  in  weight  of  potassium  nitrilosulphonate 
and  of  oximidosulphonate  (his  trisulphammonate  and  disulphydroxy- 
azate)  when  they  were  heated  in  the  air,  but  wrongly  ascribed  this 
increase  to  oxidation.  Oxidation  it  could  not  be,  for  this  would 
only  give  rise  to  volatile  products,  such  as  water,  or  oxide  of  nitrogen, 
or  nitrogen  itself,  and  not  increase  the  weight  of  the  fixed  matter. 
We  have,  besides,  fully  proved  by  experiment  that  at  the  tempera- 
ture at  which  any  imidosulphonate  increases  in  weight  in  ordinary 
air,  or  even  at  a  higher  one,  that  salt  remains  for  hours  unchanged 
in  weight  and  appearance  if  the  air  is  dried,  and  yet  if  the  air  is  un- 
dried  it  begins  to  increase  in  weight.  The  product  of  hydrolysis  pro- 
duced by  the  moisture  in  ordinary  air  causes  the  imidosulphonate  to 
lose  its  crystalline  lustre,  cake  together,  and  become  acid.  In  order  to 
prevent  hydrolysis  of  those  imidosulphonates  which,  like  the  disodium 
salts,  contain  water  of  crystallisation,  it  is  necessary  to  dry  them 
slowly  at  a  gradually  rising  temperature,  and  even  then  it  is 
difficult  to  dehydrate  them.  Dipotassium  imidosulphonate,  the  crys- 
tals of  which  are  anhydrous,  is  particularly  stable,  and  may  be  heated 
for  hours  at  140°  or  higher  in  undried  air  without  the  least  sensible 
change;  at  170 — 180°,  however,  it  slowly  fixes  water  and  hydro- 
lyses. 

As  the  tripotassium  imidosulphonate  is  much  more  soluble  than 
the  dipotassium  salt,  the  latter  dissolves  readily  in  potassium  hydr- 
oxide solution,  from  which  it  can  be  precipitated  by  carbonic  acid 
(Raschig).  Other  and  new  reactions  of  the  dipotassium  salt  observed 
by  us  are  so  similar  to  those  we  record  of  the  sodium  salt  as  to  render 
it  unnecessary  to  give  them  in  detail. 

Tripotassium  Imidosulphonate. — Tripotassium  imidosulphonate  was 
prepared  by  Berglund,  and  again  by  Raschig,  by  dissolving  the  di- 
potassium salt  in  a  solution  of  potassium  hydroxide,  evaporating,  and 
crystallising. 

Sodium  Imidosulphonates. 

Disodium  Imidosulphonate. — Fremy's  method  for  the  preparation 
of  the  potassium  salt  is  employed,  but  the  details  of  working  differ 
materially.  Sodium  nitrite  as  nearly  pure  as  possible  and  sodium 
carbonate  in  crystals,  in  the  proportion  of  2  mols.  of  nitrite  to  3  mols. 
(6  equivalents)  of  carbonate,  mixed  with  twice  their  weight  or 
more  of  water,  are  treated  freely  with  sulphur  dioxide  in  a  capacious 
flask  fitted  with  cork  and  gas  tubes.  After  the  carbonate  crystals 
have  dissolved,  and  the  hydrogen   carbonate  precipitated  and  redis- 
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solved  with  continuous  effervescence,  the  liquid,  still  quite  alkaline  to 
litmus,  begins  to  grow  warm,  as  it  continues  to  absorb  sulphur  dioxide. 
To  prevent  any  considerable  rise  of  temperature,  which  might  cause 
premature  hydrolysis  and  spoil  the  operation,  the  flask  is  now  kept 
cool  by  agitating  in  cold  water,  and  the  stream  of  sulphur  dioxide  some- 
what moderated  and  carefully  controlled.  Neutralisation  of  the  alka- 
line liquor  by  the  sulphur  dioxide  is  markedly  retarded  by  the  action  of 
the  nitrite,  in  the  presence  of  which  neutral  sulphite  cannot  exist. 
When  at  length  neutrality  to  lacmoid  paper  is  almost  reached,  the 
flask  is  actively  agitated  without  intermission,  the  flow  of  gas  greatly 
diminished,  and  then  at  once  stopped,  when  the  paper  is  just  perma- 
nently reddened.  The  solution  at  this  stage  contains,  besides  a  very 
little  sulphate,  nothing  but  the  two  salts  nitrilosulphonate  and  meta- 
sulphite,  which,  omitting  notice  of  intermediate  stages,  have  been 
formed  as  follows  : — • 

2]S'aN02  +  SNasCOa  +  8SO2  =  2N(S03Na)3  +  Na^SoOs  +  SCO^. 

The  apparently  redundant  metasulphite  is  necessary  in  order  to  get 
the  nitrite  converted  wholly  into  nitrile  salt.  Its  presence  is  almost 
equally  essential  for  the  preservation  of  the  imidosulphonate  about  to 
be  formed. 

When  complete  neutrality  is  reached,  or,  perhaps,  just  passed,  the 
solution,  after  a  few  minutes,  suddenly  becomes  strongly  acid  and 
warm,  and  evolves  much  sulphur  dioxide.  Hydrolysis  has  occurred, 
but,  owing  to  the  presence  of  the  metasulphite  only  through  one 
stage,  and  the  liquid  now  contains  nothing  but  imidosulphonate, 
sulphate,  and  sulphur  dioxide — 

2:N'(S03Na)3  +  N-ajSoOa  +  H^O  =  2HN-(S03Na)2  +  2N'a2S04 

+  2S0.,. 

Sulphurous  acid  appears  to  have  no  immediate  hydrolysing  action 
upon  the  imidosulphonate,  but,  as  it  would  become  oxidised  to  sulph- 
uric acid,  it  must  be  removed.  A  rapid  current  of  air  is,  therefore, 
passed  through  the  liquid  for  half  an  hour  or  so,  after  which  the 
addition  of  a  very  little  sodium  carbonate  suffices  to  render  it  slightly 
alkaline  and  quite  stable.  It  is  now  evaporated  on  the  water-bath, 
so  far  as  necessary,  and  then  cooled  to  0°,  or  a  little  below,  when,  in 
the  course  of  some  hours,  most  of  the  sulphate  crystallises  out.  A 
second  evaporation  and  cooling  is  generally  needed  to  separate  more 
of  the  sulphate,  after  which  further  evaporation  and  cooling  to  the 
ordinary  temperature  causes  the  separation  of  the  disodium  imido- 
sulphonate in  well-formed  crystals.  The  mother  liquor  can  be 
farther  worked  for  sulphate  and  imidosulphonate,  if  worth  the 
trouble. 

3x2 
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The  reaction  proves  to  be  almost  quantitative,  for  the  salt  obtained 
■in  crystals  is  80  per  cent.,  whilst  there  is  considerable  loss  of  salt  in 
the  mother  liquors  adhering  to  the  very  voluminous  masses  of  sodium 
sulphate.  The  crude  salt  can  be  purified  by  recrystallisation  from 
warm  water,  rendered  slightly  alkaline  as  a  precaution  against 
hydrolysis. 

Instead  of  sodium  carbonate,  the  equivalent  quantity  of  normal 
sulphite,  or  of  metasulphite,  pure,  and  therefore  freshly  prepared, 
may  be  used  along  with  the  additional  sulphur  dioxide  indicated  by 
the  equation  already  given.  The  mixture  of  nitrite  and  metasulphite 
becomes  at  once  alkaline  and  rapidly  heats  up,  so  as  to  need  cooling, 
in  accordance  with  what  has  been  stated.  This  mode  of  procedure  is 
certainly  less  simple  and  less  practicable  than  that  described.  It 
may  also  be  mentioned  that  a  sufficient  excess  of  metasulphite  will  of 
itself  convert  all  the  nitrite  to  nitrile  salt,  but  as,  in  that  case,  the 
addition  of  another  acid  is  required  to  effect  hydrolysis,  the  process 
does  not  give  a  good  yield  of  imidosulphonate  crystals. 

It  is  not  unfrequently  convenient  to  prepare  disodium  imidosulph- 
onate from  the  trisodium  salt.  The  latter  can  be  preserved  without 
any  special  precautions,  which  is  not  the  case  v/ith  the  disodium  salt. 
Again,  where  the  direct  process  for  preparing  sodium  imidosulphon- 
ate has  been  carried  out  with  impure  salts,  or  if  the  proportions  to  be 
used,  and  other  details,  have  not  been  rigidly  adhered  to,  it  may  not 
be  so  easy  to  crystallise  out  the  disodium  salt,  and  here  the  very 
ready  separation  and  purification  of  the  trisodium  salt  becomes 
advantageous.  From  the  trisodium  salt,  the  disodium  imidosulphon- 
ate can  be  prepared  by  treating  the  crystals  with  sulphuric  acid 
slightly  diluted,  until  neutrality  to  litmus  is  reached.  The  solution, 
with  any  crystalline  precipitate  (sulphate),  is  kept  for  some  hours  at 
or  about  0°,  and  the  mother  liquor  decanted,  while  still  at  that  tem- 
perature, from  the  sodium  sulphate.  Evaporation,  as  already  de- 
scribed, then  yields  the  disodium  salt  in  good  crystals,  pure,  or 
almost  so. 

Disodium  imidosulphonate  crystallises  readily  in  large,  rhombic 
prisms.  It  is  very  soluble  in  water,  slightly  acid  in  reaction,  and 
devoid  of  sulphurous  taste.  Its  crystals,  which  contain  water,  do  not 
effloresce,  even  in  dry  seasons,  so  that  crystals  of  sodium  sulphate 
among  them  may  be  easily  recognised.  In  air  kept  dry  by  sulphuric 
acid,  they  slowly  become  opaque,  but  retain  their  shape,  along  with 
much  of  their  lustre  and  hardness,  whilst  the  rate  of  loss,  even  when 
they  have  been  crushed,  is  so  slow  as  to  make  a  water  estimation  in 
this  way  almost  impracticable.  They  can  generally  be  kept  for  many 
weeks  in  bottles,  and  apparently  for  any  time  in  a  sufficiently  dry 
atmosphere,  but  are  liable  to  undergo  hydrolysis  into  an  acid  mixture 
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of  sulphate  and  amidosulplioiiate.  The  solution  of  the  salt  is  also 
unstable,  but  it  may  be  heated  for  a  short  time  to  a  moderate  degree 
without  change.  The  crystals  can  hardly  be  heated  to  100°  without 
some  decomposition. 

The  decomposition  of  disodium  imidosulphonate,  which  almost 
unavoidably  attends  the  removal  of  the  water  of  crystallisation,  also 
complicates  observation  of  the  effects  of  a  high  temperature  on  it. 
For  having  been  to  some  extent  converted  by  this  water  into  sulphate 
and  amidosulphonate,  it  gives  at  first,  when  heated,  only  ammonia, 
coming  from  the  reconversion  of  the  amidosulphonate  into  imido- 
sulphonate. But,  at  a  higher  temperature,  this  is  followed  by  products 
the  same  as  in  the  case  of  the  dipotassium  salt,  namely,  nitrogen  with 
more  than  double  its  volume  of  sulphur  dioxide,  small  brown  and 
white  sublimates,  and  sodium  sulphate.  The  sodium  salt  appears  to 
be  much  more  fusible  than  the  potassium  salt,  but  then  the  latter 
was  practically  pure,  whilst  the  former  was  mixed  with  the  products 
of  its  hydrolysis,  which  must  have  affected  its  fusibility. 

Disodium  imidosulphonate  in  aqueous  solution,  like  the  far  less 
soluble  dipotassium  salt  (Berglund),  does  not  give  a  precipitate  with 
many  of  the  usual  metal  salts.  In  moderately  concentrated  solution, 
however,  it  gives  a  precipitate  of  dipotassium  imidosulphonate  with 
solutions  of  potassium  salts ;  of  trisodiura  imidosulphonate  with 
sodium  hydroxide ;  and  of  a  barium  sodium  imidosulphonate  with 
barium  hydroxide ;  concentrated  ammonia  solution  also  gives  an 
abundant  precipitate,  which,  when  the  disodium  imidosulphonate  is  un- 
mixed with  other  salts,  consists  of  a  sodium  ammonium  salt  (p.  961)  ; 
if,  however,  a  little  sodium  nitrate,  chloride,  or  other  sodium  salt  is 
added  before  the  ammonia,  the  latter,  in  concentrated  solution,  pre- 
cipitates pure  trisodium  imidosulphonate.  The  two  forms  of  precipi- 
tation are  expressed  by  the  respective  equations  : — 

5HN(S03N-a)o  +  SNHg  =  2Na5(NH4)N2(  803)4  +  ]SrH4-N(S03NH4)2, 
HN(S03Na)2  +  NH3  +  NaNOa  =  NaN(S03N'a)2  +  ]SrH4]Sr03. 

The  precipitation  by  ammonia  is  in  both  cases  greatly  increased  by 
excess  of  the  reagent,  and  if  the  disodium  imidosulphonate  is  added 
in  powder  to  strong  ammonia,  much  of  the  triammonium  salt  also 
precipitates. 

Hydroxy-lead  acetates,  as  was  known,  give  copious  precipitates. 
Normal  lead  acetate  also  gives  a  scanty  precipitate  of  a  lead  imido- 
sulphonate, even  when  the  acetate  is  truly  normal  and  the  disodium 
salt  in  solution  faintly  acid  to  litmus  (p.  969).  Lead  nitrate  occa- 
sions no  precipitate,  but,  unlike  the  acetate,  it  rapidly  effects  hydro- 
lysis, and  consequently  precipitation  of  a  little  lead  sulphate  takes 
place. 


k. 
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Both  mercury  nitrates  are  also  precipitating  agents,  acting  here  as 
they  do  when  added  in  excess  to  a  solution  of  trisodinni  imidosalph- 
onate  (p.  960).  Mercuric  oxide,  especially  the  precipitated  form, 
reacts  with  it  to  give  mercuric  disodium  imidosulphonate  (p.  980). 
Warmed  with  a  moderately  concentrated  solution  of  the  salt,  the 
mercuric  oxide  dissolves,  and,  on  cooling  and  standing,  it  deposits 
crystals  of  the  double  salt.  Silver  hydroxide  is  rapidly  converted,  by 
solution  of  disodium  imidosulphonate,  into  the  sparingly  soluble 
silver  disodium  salt  (p.  976).     Cupric  hydroxide  is  without  action. 

Evaporated  on  the  water-bath  with  sodium  carbonate,  or  even  with 
the  acetate,  disodium  imidosulphonate  is  partly  converted  into  tri- 
sodium  imidosulphonate,  whilst  carbon  dioxide  or  acetic  acid  escapes. 
When  acetate  is  used,  therefore,  there  is  the  striking  phenomenon 
of  a  strongly  acid  vapour  rising  from  a  liquid  having  a  well-marked 
alkaline  reaction. 

In  analysing  the  salt,  we  liydrolysed  it  by  heating  it  with  hydro- 
chloric acid  at  150°  in  sealed  tubes  for  some  hours,  following  Raschig's 
process  for  the  analysis  of  the  potassium  salts.  The  composition  of 
the  salt  is  expressed  by  the  formula  HN(S03Na)2,2H20,  the  results 
of  analysis  being — 

Found. 


Calculated. 

i: 

II. 

III. 

IV. 

Sodium  .... 

17-90 

17-17 

17-76 

— 

— 

Sulphur .... 

24-90 

— 

— 

24-88 

24-78 

Nitrogen  .  . . 

5-45 

— 

— 

5-40 

— 

Trisodium  Imidosulphonate. — This  is  prepared  from  the  disodium 
salt  by  adding  sodium  hydroxide  to  its  strong  solution.  It  is  un- 
necessary to  have  the  disodium  salt  pure  and  in  crystals.  After 
following  the  process  for  getting  this  salt  so  far  as  to  separate  one 
good  crop  of  sodium  sulphate  crystals,  the  solution  is  diluted  with 
twice  its  volume,  or  more,  of  water,  sodium  hydroxide  solution  added, 
till  it  tastes  slightly  caustic,  and  then  cooled  in  an  ice-box.  The 
trisodium  salt  begins  to  separate  almost  immediately  after  the  addi- 
tion of  the  sodium  hydroxide,  but  the  water  previously  added 
retards  the  separation,  and  allows  the  crystals  to  grow  in  the  cooled 
liquid ;  in  this  way  they  can  be  better  freed  from  the  mother  liquor. 
When  collected  and  pressed  on  calico,  the  salt  is  almost  pure,  and  can 
be  rendered  fully  so  by  recrystallisation. 

Trisodium  imidosulphonate  is  easily  prepared,  and  is  a  very  stable 
salt.  It  forms  thin,  overlapping,  hexagonal  plates,  which  may  grow 
to  considerable  size,  but  are  seldom,  if  ever,  to  be  seen  single  and 
perfect,  or  of  very  great  thickness.     The  crystals  readily  effloresce  in 
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dry  air,  and  have  a  mildly  alkaline  taste.  The  salt  is  sparingly 
soluble  in  very  cold  water,  but  very  soluble  in  hot  water,  taking  for 
dissolution  at  27'5°  about  5*4  parts  of  water.  Its  solution  readily 
shows  snpersatnration.  It  is  alkaline  to  litmus,  and  even  to  phenol- 
phthalein,  but  has  no  action  whatever  on  iodine  solution;  it  is  pre- 
cipitated from  its  aqueous  solution  by  alcohol  without  decomposition, 
and  can  be  repeatedly  recrystallised  without  any  loss  of  alkali. 
Aqueous  solutions  are  quite  stable,  even  when  boiled  for  a  long  time. 
The  crystals  melt  when  gently  heated,  and  their  water  may  be 
rapidly  boiled  off  without  causing  any  decomposition  of  the  salt.  In 
a  vacuum  over  sulphuric  acid,  they  lose  only  II  mols.  H2O  out  of  the 
12  they  contain.  The  salt  loses  more  water  when  heated,  but  even  at 
160°  it  retains  some,  possibly  through  hydrolysis,  so  that,  heated 
until  decomposition  begins,  it  always  yields  a  very  little  water  and 
ammonia  (gas  and  sublimate).  Heated  in  a  vacuum,  however,  it 
yields  even  still  less,  so  that  atmospheric  moisture  seems  to  be  active 
in  hydrolysing  it  when  heated  in  air. 

The  presence  of  hydrogen  in  the  dried  salt  might  have  particular 
significance,  since  Fremy,  and  after  him  Glaus,  have  represented  the 
dipotassium  salt  as  containing  three  atoms  of  hydrogen  instead  of  the 
one  given  by  the  imide  constitution  and  displaced  by  the  metal  in 
the  normal  salts.  But  careful  combustion  of  some  grams  of  the 
dried  salt  with  copper  oxide  gave  us  in  one  case  only  0'22  per  cent., 
and  in  another  only  0*24  per  cent,  of  water,  calculated  from  the 
hydrated  crystals,  and  such  a  percentage  corresponds  to  only  about 
one-ninth  of  an  atom,  instead  of  the  extra  two,  of  hydrogen  required 
by  the  sulphamtnonate  constitution  given  by  Glaus. 

When  dried  trisodiuui  imidosulphonate  is  heated  somewhat  strongly 
in  an  open  tube,  it  melts  and  effervesces,  yields  nitrogen  and  some 
sulphur  dioxide,  and  sulphur  which  sublimes.  The  saline  mass 
becomes  also  very  dark  coloured,  from  the  presence  in  it  of  sulphur, 
and  gradually  solidifies,  until  at  an  incipient  red  heat  it  forms  a 
semi-fused  hepar  suljphuris.  By  heating  in  a  vacuum,  proof  is  ob- 
tained that  the  sulphur  dioxide  comes  only  from  the  action  of  the 
air  upon  the  sulphur.  From  350°  to  440°,  gas  of  only  very  low 
tension  is  given  off,  along  with  sulphur  vapour,  forming  a  sublimate 
of  drops.  Just  below  the  softaning  point  of  good  soft  lime-glass,  the 
salt  fuses  and  effervesces.  The  gas  consists  entirely  of  nitrogen. 
Some  of  the  sulphur  remains  in  the  fused  mass,  partly  free,  partly 
as  thiosulphate.  A  trace  of  sublimate  of  the  ammonia  compound 
with  sulphur  dioxide  is  formed.  Apart  from  this,  the  reaction  is 
expressed  by  the  equation 

2NaN(S03Na)2  =  No.  4-  S  +  3Na.,S04. 
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Acids  readily  dissolve  trisodium  imidosulphonate,  yielding  neutral 
solutions  of  the  disodium  salt  when  the  quantity  of  acid  is  equivalent 
to  one-third  of  the  sodium.  The  action  of  concentrated  sulphuric 
acid  is  remarkable  ;  if  it  is  not  in  excess,  it  dissolves  the  crystals,  with 
marked  fall  of  temperature,  although  if  the  quantity  present  is  more 
than  enough  to  form  the  disodium  salt,  heat  is  developed.  From  the 
neutralised  solution,  sulphate  and  disodium  imidosulphonate  can  be 
crystallised  out.  Carbon  dioxide  also  decomposes  the  trisodium  salt 
in  aqueous  solution,  sodium  hydrogen  carbonate  being  precipitated 
if  the  amount  of  water  present  is  not  too  great.  Concentrated 
ammonia  precipitates  the  trisodium  salt  free  from  ammonia,  and  with 
its  usual  water  of  crystallisation.  Ammonium  salts  suffer  double 
decomposition  with  the  trisodium  salt,  ammonia  then  becoming  free 
by  the  decomposing  action  of  water  upon  some  of  the  triammonium 
salt.  When  concentrated  solutions  of  the  trisodium  salt  and  of  a 
potassium  salt,  such  as  the  nitrate,  are  mixed,  no  change  is  observable, 
but  on  neutralising  with  an  acid,  the  dipotassium  salt  is  precipitated 
in  crystals. 

Trisodium  imidosulphonate,  unlike  the  disodium  salt,  precipitates 
many  metallic  salts,  giving  in  some  cases,  however,  only  hydroxides. 
Precipitates  of  imidosulphonates  are  obtained  with  silver  nitrate,  the 
mercury  nitrates,  lead  salts,  and  barium  salts,  whilst  with  calcium 
chloride  crystals  may  slowly  form  which  are  of  characteristic  appear- 
ance. Specially  noteworthy  is  the  fact  that  silver  nitrate  added  in 
different  proportions  yields  three  precipitates,  distinct  both  in  appear- 
ance and  in  composition.  The  compounds  formed  by  these  reagents 
are  described  later  in  this  paper.  Mercuric  chloride  has  apparently 
no  action  upon  trisodium  imidosulphonate,  for  nothing  separates,  and 
the  reaction  to  litmus  remains  alkaline.  Mercuric  oxide  dissolves  to 
a  limited  extent  in  solutions  of  the  trisodium  salt,  more  being  dis- 
solved in  proportion  to  the  trisodium  salt,  the  weaker  these  solutions 
are ;  it  makes  them  somewhat  caustic  (see  in  this  connection,  the 
reaction  of  mercuric  disodium  imidosulphonate  with  alkali  hydroxide, 
p.  982). 

It  was  not  practicable  to  get  the  crystals  of  trisodium  imidosulph- 

Pound. 

II. 

43"56     Loss  in  vacuo. 

3-C4     Loss  at  110°. 
0-27     Retd.  at  110°). 


Calculated. 

I. 

Moistui'e. . 
11  mols. . . 

1001 
42-70  J 

43-66 

1  mol.    . . 

3-88 

f   3-71 
I  (0-23 

Total  ....     47-59  47-60  47-47 
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onate  completely  dry  for  analysis,  because  the  tLin  plates  adhering 
together  retained  mother  liquor,  and,  on  the  other  hand,  during  much 
crushing  and  pressing  with  paper  they  effloresced.  Avoiding  the 
latter  source  of  error,  our  results  were  12jH20,  the  ^  representing 
1  per  cent,  of  moisture.  The  numerical  details  of  the  water  deter- 
minations, which  are  a  little  complex,  are  given  in  the  table,  p.  960. 

We  have  already  given  (p.  959)  the  percentage  of  retained  water,  as 
actually  found  in  the  salt  dried  with  special  care,  as  0*22  and  0'24  per 
cent.     The  above  numbers,  0'23  and  0*27,  are  difference  numbers. 

The  analysis  of  the  dried  salt  gave — 

Calculated.  Found. 

Sodium 28-40  28-24 

Sulphur 26-34  26-46 

Nitrogen 5-76  5*92 

The  formula  of  the  salt  is  therefore  ISraN(S03N'a)2,HoO  +  IIH2O. 


Sodium  Ammonium  Imidosuljphonate. 

Possibly  a  salt  two-thirds  sodium  and  one-third  imidosulphonate 
might  be  got  in  presence  of  an  excess  of  the  triammonium  salt,  but 
this  is  doubtful,  because  of  the  sparing  solubility  of  the  following 
salt  in  presence  of  ammonia,  and  because  ammonia  and  another 
sodium  salt  convert  disodium  into  trisodium  imidosulphonate. 

Pentasodium  Ammonium  Imidosulphonate. — This  salt  crystallises 
from  dilute  solution  with  7  mols.  H2O,  Na5AmN'2(S03)4,7H20,  but 
from  concentrated  saline  solution  it  crystallises  with  less  water.  To 
prepare  the  fully  hydrated  salt,  strong  ammonia  solution  is  added  in 
large  excess  to  a  solution  of  disodium  imidosulphonate,  which  must 
be  free  from  sulphate  or  other  salt.  Separation  of  the  salt  begins  at 
once,  or  very  soon,  and  continues  for  some  time  if  the  liquid  is  kept 
nearly  ice-cold.  It  forms  minute  prisms,  which  bear  moderate  wash- 
ing with  concentrated  ammonia,  and  can  be  drained  on  a  tile,  un- 
changed if  under  close  cover.  When  dry,  the  salt  does  not  smell 
noticeably  of  ammonia.  The  numbers  obtained  by  calculation  and 
experiment  are  as  follows  : — 

Calculated.  Found. 

Sodium 18-95  19-19 

Ammonium   2-97  2*85 

Sulphur 21-09  20-95 

A  salt  with  2 J  mols.  HjO  only  falls  as  a  crystalline  precipitate  on 
adding  strong  ammonia  to  a  solution  of  trisodium  imidosulphonate 
and  its  equivalent  at  least  of  ammonium  nitrate  (3  mols.).     Being  but 
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Very  little  soluble  in  ammonia  solution,  it  can  be  properly  washed 
with  this,  and  may  then  be  drained  on  a  tile  under  cover,  without 
change.  When  heated,  it  loses  water  and  ammonia  without  suffering 
aqueous  fusion.     It  contains  no  nitrate.     Analysis  gave — 

Calculated.  Found. 

Sodium 21-86  22'0l 

Ammonium 3'42  3*40 

Sulphur..., 24-34  24-40 

For  notice  of  a  monohydrogen  sodium  ammonium  imidosulphonate, 
one  in  which  the  ammonium  greatly  predominates  over  the  sodium, 
see  p.  963. 

Hydrogen  Sodium  Ammoiiiiim  Imidosuljphonate  Nitrate. 

On  dissolving  trisodium  imidosulphonate  and  then  its  equivalent  of 
ammonium  nitrate  (3  mols.)  in  half  their  combined  weight  of  hot 
water  in  a  closed,  nearly  full  vessel,  a  cold  solution  is  obtained,  which 
sometimes  remains  supersaturated  and  unchanged,  sometimes  slowly 
deposits  the  trisodium  salt  of  the  ordinary  form,  but  in  thicker 
crystals.  The  attempt  to  redissolve  the  crystals  by  dipping  the  vessel 
in  hot  water  readily  succeeds,  but  is  generally  attended  with  the 
copious  separation  of  some  white  opaque  salt  (sodium  ammonium 
imidosulphonate  ?).  On  the  vessel  being  left  for  some  days  in  a  cold 
place  with  occasional  agitation,  the  trisodium  salt  re-forms  in  crystals, 
and  the  opaque  salt  redissolves.  When,  however,  the  fresh  mixed 
solution  of  the  trisodium  salt  and  ammonium  nitrate  in  half  their 
weight  of  water  is  placed  in  the  steam-bath  in  an  open  glass  capsule, 
ammonia  freely  escapes,  and  soon,  groups  of  small  prisms  form, 
evidently  in  consequence  of  the  loss  of  ammonia  by  the  solution.  a,nd 
not  its  mere  evaporation,  for  the  addition  of  some  water  has  little 
effect  on  the  quantity  of  these  crystals.  The  crystals  could  not  be 
separated  from  their  highly-concentrated  mother  liquor  in  a  state 
fit  for  trustworthy  analysis,  but  we  are  pretty  confident  of  their  being 
the  salt  now  to  be  described. 

A  well-crystallised  double  salt  of  definite  composition  is  obtainable 
by  evaporating  a  solution  of  trisodium  imidosulphonate  with  at  least 
its  equivalent  of  ammonium  nitrate  until  the  liquid  is  nearly  neutral, 
then  adding  water  to  redissolve  any  crystals  which  have  formed,  and 
leaving  the  product  to  cool  slowly.  Throughout,  care  must  be  taken 
that  the  solution  does  not  become  acid  during  evaporation ;  this  can 
be  prevented  by  adding  a  drop  or  two  of  ammonia  when  necessary. 
In  this  way  small,  flat,  thick  prisms  are  obtained  which  are  anhydr- 
ous  and  stable   in  the  air.     They  cannot  be  washed,  and  must  be 
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freed  from  tlieir  motlier  liquor  by  pressure  in  paper.  The  composi- 
tion of  the  new  salt  may  be  represented  as  being  that  of  1  mol.  of 
diammonium  imidosulphonate  with  1  mol.  of  sodium  nitrate.  If  a 
good  excess  of  ammonium  nitrate  has  been  used,  the  crystals  are 
almost  pure,  but  hold  a  little  water  (a)  ;  with  the  use  of  less 
ammonium  nitrate,  the  salt  showed,  on  analysis,  the  presence  of  a 
very  slight  excess  of  disodium  imidosulphonate.  The  yield  of  salt 
was  three-fourths  of  the  possible  quantity.  The  mother  liquor,  on 
evaporation,  gave  crystals  of  sodiam  nitrate  and  some  more  of  the 
salt.  The  double  salt  cannot  be  recrystallised,  its  solution  yielding 
first  good  crystals  of  a  salt  which  may  be  described  as  (anhydrous) 
diammonium  imidosulphonate  containing  3  per  cent,  of  sodium,  and, 
after  this,  crystals  of  the  double  salt.  Since  the  mother  liquor  of 
the  double  salt  yields  sodium  nitrate,  it  would  seem  that  double 
decomposition  occurs  between  sodium  imidosulphonate  and  ammonium 
nitrate. 

The  presence  of  nitrate  in  the  double  salt  cannot  be  directly  indi- 
cated in  the  ordinary  way,  but  may  be  at  once  detected  by  a  new 
reaction  of  delicacy  and  of  some  general  interest.  The  salt  freely 
effervesces  when  immersed  in  strong  sulphuric  acid,  the  gas  being 
nitrous  oxide  with  a  little  nitrogen.  No  nitrosyl  sulphate  is  pro- 
duced. A  very  minute  quantity  of  nitrate  mixed  or  combined  with 
an  imidosulphonate  can  be  detected  by  dropping  the  dry  solid  into  a 
little  of  the  acid,  and  not  mixing  them  up  too  much.  The  reaction 
needs  careful  study.  We  ventured  to  determine  the  nitric  acid  in  the 
salt  by  means  of  this  reaction,  taking  the  gas  as  nitrous  oxide  only, 
and  got  a  good  result,  but  do  not  feel  justified  in  entering  it  in  the 
tabular  statement  below. 

In  one  preparation  we  determined  the  nitric  acid ;  in  the  other  it 
was  undetermined,  except  in  the  experiment  above  referred  to.  The 
nitric  acid  was  estimated  by  evaporating  the  sale  with  barium  hydr- 
oxide to  expel  ammonia,  filtering  off  the  barium  imidosulphonate, 
removing  barium  as  carbonate,  and  then  putting  the  concentrated 
solution  of  sodium  nitrate  into  the  nitrometer.  The  result  was  low, 
but  that  is  hardly  to  be  wondered  at.  Water,  in  that  preparation  in 
which  it  was  present  in  any  quantity,  was  estimated  by  heating  the 
salt  in  dried  air,  and  the  result  can  be  only  approximate,  for  slight 
hydrolysis,  with  fixation  of  water,  is  hardly  to  be  avoided. 

Calculated.        a.  b. 

Sodium 7-77  8-00        8-42 

Ammonium 12-10  11-71  1137 

Sulphur 21-62  21-62  22-08 

Hydrogen  nitrate 21-28  19-93  — 
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The  preparation  a  was  formed  in  presence  of  a  good  excess  of 
ammonium  nitrate,  and  h  in  presence  of  little  more  than  enough  of  it. 
The  calculation  is  for  HN(S03NH4)2,NaN03. 

Hydrogen  Sodium  Potassium  Lnidosulphonate  Nitrate. 

The  very  sparingly  soluble  dipotassium  imidosulphonate  is  hardly 
affected  by  digestion  with  a  cold  dilute  solution  of  sodium  nitrate, 
and  when  dissolved  in  it  by  heating  crystallises  out  again  almost 
unchanged  ;  if,  however,  it  is  left  in  a  concentrated  solution  of  sodium 
nitrate,  it  removes  this  salt  from  it.  Taking  about  equivalent 
quantities  of  the  salt,  HN'(S03K)2  :  SNaNOa,  and  leaving  the  solution 
of  the  nitrate  standing  over  the  powdery  dipotassium  imidosulponate 
in  a  loosely-covered  beaker  for  some  days,  the  latter  gives  place  to  a 
caked  mass  of  crystalline  granules,  apparently  homogeneous  when  seen 
under  the  microscope,  but  with  no  well-defined  forms.  The  decanted 
mother  liquor,  evaporated  a  little,  gives  more  of  the  granules,  but  no 
crystals  of  sodium  or  potassium  nitrate.  The  granular  mass,  drained 
and  pressed  on  a  tile,  has  a  composition  closely  approaching  that  of 
1  mol.  of  dipotassium  imidosulphonate  to  1  mol.  of  nitrate,  the 
potassium  and  sodium  nitrates  being  in  molecular  proportion, 
NaN03,K]S'03,2HN(S03K)2.  It  ih  decomposed  by  water,  and  is 
anhydrous. 

Calculated.         Found. 

Sodium 3-32  3-61 

Potassium 28*23  27-34 

Sulphur 18-48  18-89 

Hydrogen  nitrate 18-20  18-01 

The  two  potassium  salts  or  the  two  sodium  salts  do  not  form  double 
salts  together.  Disodium  imidosulphonate  and  potassium  nitrate 
suffer  double  decomposition.  The  formula  of  the  salt  just  described 
shows  also  that,  to  some  extent  this  double  decomposition  is  rever- 
sible. 

In  our  next  communication  we  shall  have  to  describe  still  more 
remarkable  combinations  of  nitrates  with  oximidosulphonates. 

Barium  Imidosulphonates,  Simple  and  Double. 

Barium  ImidosulpJionate. — This  salt  has  been  prepared  by  Berglund, 
but  no  particulars  of  it  have  been  published,  except  possibly  in 
Swedish.  It  is  obtained  as  a  voluminous,  coherent  precipitate  when 
trisodium  imidosulphonate  is  added  gradually  to  a  solution  of  barium 
chloride   kept   in    excess.      When  drained   on   a   porous   tile,    after 
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tliorougli  washing,  it  is  still  very  bulky,  and  hangs  together  in  soft 
flocks,  more  like  some  organic  salt  than  an  inorganic  barium  salt.  It 
retains  moisture  in  the  interstices  of  the  matted  masses  of  crystals 
with  remarkable  obstinacy,  so  that  it  cannot  be  made  dry  by  draining 
on  a  porous  tile  or  even  in  the  desiccator  except  at  the  surface  of 
these  masses ;  yet  it  is  not  in  the  least  deliquescent,  and  becomes  dry 
in  the  air  when  spread  out  in  very  thin  layers;  indeed,  in  very 
dry  air  it  is  even  slightly  efflorescent.  Analj^sis  shows  that  it  con- 
tains water,  which  it  loses  only  very  slowly  even  at  115°.  Under  the 
microscope,  it  is  seen  to  consist  of  very  long,  slender,  interlacing 
needles.  It  is  only  very  slightly  soluble  in  water,  merely  enough  to 
cause  the  water  to  give  a  very  slight  opalescence  with  sulphuric  acid. 
It  is  alkaline  to  litmus.  It  is  decomposed  a  little  by  solutions  of  alkali 
carbonates.  It  may  be  dissolved  in  dilute  nitric  acid,  and,  with  very 
rapid  treatment,  reprecipitated  unchanged  by  barium  hydroxide. 
This  is  a  property  which,  with  precautions,  may  be  taken  advantage 
of  to  remove  sodium  salt,  which  is  nearly  always  present  in  the 
original  precipitate,  but  always  absent  after  second  precipitation. 
Only  once  did  we  get  the  original  precipitate  free  from  sodium. 
Analysis  gave — 

Calculated.         Found. 

Barium 48-38  47-91 

Sulphur 15-08  15-04 

Nitrogen 3-29  3-31 

The  calculation  is  for  Ba3N'2(S03)4,5H20.  The  alkalinity  of  the 
salt,  measured  by  decinormal  acid  and  methyl-orange,  proved  equal  to 
one-third  of  the  barium. 

Ammonia  added  to  a  solution  of  the  salt  next  described  converts 
it  into  the  insoluble  tribarium  imidosulphonate  and  ammonium 
imidosulphonate. 

Barium  Hydrogen  Imidosulphonate. — This  salt  has  been  briefly 
noticed  by  Jacquelain  and  by  Berglund.  We  have  prepared  it  from 
the  tribarium  salt,  entirely  free  from  sodium,  by  cautious  treatment 
with  dilute  sulphuric  acid  equivalent  to  slightly  less  than  one-third  of 
the  barium,  filtering  off  the  barium  sulphate  formed,  and  evaporating 
iu  a  desiccator,  when  minute,  brilliant,  orthorhombic  crystals  are  ob- 
tained, moderately  soluble  in  water.  The  salt  is  stable  in  the  desic- 
cator, or  in  the  open  air  in  dry  weather,  but  soon  hydrolyses  in  a 
bottle.  In  dried  air,  it  is  stable  even  when  heated  considerably,  but 
it  hydrolyses  in  ordinary  air  at  140''.  Rapidly  heated,  it  decomposes 
suddenly,  giving  a  cloud  of  barium  sulphate.  Its  solution  is  acid  to 
litmus,  but  neutral  to  methyl-orange. 

Proceeding   in    almost    the    same   way   as    that   followed    by    us 
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Woronin  obtained  apparently  the  same  salt,  but  lie  assigned  to  it  a 
molecule  of  ammonia  more,  calling  it  barium  sulphamate.  Since  our 
preparation  contains  1  mol.  H2O,  the  determination  of  barium  and 
of  sulphur  agrees  with  both  formulae,  Ba(H2NS03)2,  "  sulphamate," 
and  BaHN(S03)2,H20,  imidosulphonate. 

Quantitative  analysis  and  the  properties  of  the  salt  agree  with 
the  formula  BaHN(S03)2,H20. 

Found. 

Calculated.  I.  II. 

Barium 41-51  41-67         41-65 

Sulphur 19-39  19-51  — 

In  warm  solution,  barium  hydrogen  imidosulphonate  reacts  with 
mercuric  oxide  to  form  the  double  salt. 

BariuTn  A7nmoniur>^  Imidosulphonate. — By  adding  1  mol.  of  barium 
hydroxide  to  1  mol.  of  triammonium  imidosulphonate  ("  neutral  am- 
monium sulphamate "),  Woronin  observed  the  formation  of  a 
"  soluble "  barium  salt  with  evolution  of  ammonia ;  he  made  no 
statement  as  to  its  composition.  On  adding  barium  hydroxide  gradu- 
ally to  triammonium  imidosulphonate  until  it  nearly  ceased  to  give  a 
precipitate,  we  obtained  a  very  sparingly  soluble  salt,  which  was 
found  to  be  barium  ammonium  imidosulphonate.  It  was  not  fully 
analysed,  but  gave  a  percentage  of  barium  of  41-87,  whilst  calcula- 
tion for  BaNIl4N( 803)3  requires  41-64  per  cent.  But  it  is  not  im- 
probable from  what  follows  that  it  may  have  been  a  hydrous  salt  with 
less  ammonia. 

The  experiment  repeated  with  diammonium  imidosulphonate  gave 
us  a  precipitate  at  first  gelatinous,  but  becoming  granular  after  a  time. 
Under  the  microscope,  it  was  seen  to  consist  of  granular  crystals 
intermixed  with  a  very  few  slender  needles  of  the  tribarium  imido- 
sulphonate, insignificant  in  amount.  Its  alkalinity,  determined  by 
decinormal  acid  and  methyl-orange,  showed  it  to  be  a  normal  salt, 
the  alkalinity  being  equal  to  one  atom  of  univalent  base  to  two  atoms 
of  sulphur  present.  After  hydrolysis,  the  total  ammonia,  as  well  as 
the  sulphuric  acid,  was  estimated.  The  results  agree  with  the  calcu- 
lation for  Ba5(NH4)2N4(S03)8,8HoO,  a  five-sixths  barium  salt,  corre- 
sponding, therefore,  to  the  sodium  ammonium  salt. 

Calculated,  Found. 

Barium 43-88  43-84 

Sulphur 16-40  16-53 

Nitrogen    5-38  5-27 

It  is  here  assumed  that  the  observed  presence  of  a  very  little  of  tlie 
tribarium  salt  could  be  disregarded.    The  assumption  that  the  prepara- 
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tion  was  tlie  mixture  BasN^CS 03)4,5 HoO  +  2[Ba(NH4)N(S03)2,liH20] 
could  not  possibly  be  admitted  as  in  accordance  with  the  microscopic 
appearance  of  the  preparation. 

Jacquelain,  by  adding  diammonium  imidosulphonate  to  a  slight 
excess  of  baryta  water,  obtained  a  precipitate  w^hicli  he  very  fully 
analysed,  and  found  to  have  the  empirical  formula 

(N-H3)2(BaO),(S03)3. 
Instead  of  this  impossible  formula,  we  venture  to  write 
Ba4(XH,)Isr3(S03)6,3H20, 

the  formula  of  an  eight-ninths  barium   ammonium   imidosulphonate, 

since  the  calculated  numbers  agree  still  better  with  his  analysis  than 

tbose  for  bis  formula. 

Found, 
Calculated.     (Jacquelain) . 

Barium 47-99  48-26 

Sulphur 16-8  L  16-81 

Nitrogen 4-90  4-97 

Hydrogen 0*88  0*88 

Using  an  ammoniacal  solution  of  barium  chloride  instead  of  baryta 
water,  he  got  nearly  the  same  results. 

Barium  Potassium  Imidosulphonate. — This  is  a  nearly  insoluble 
crystalline  salt,  preparable  by  heating  dipotassium  hydrogen  imido- 
sulphonate with  baryta  water.  It  has  been  described  by  Berglnnd, 
and  was  known  to  Fremy.  We  have  not  analysed  it,  and  believe  it 
has  not  been  analysed  by  others. 

Barium  Sodium  Imidosulphonate. — When  barium  chloride  in  dilute 
solution  is  very  slowly  added,  with  constant  stirring,  to  an  excess  of 
trisodium  imidosulphonate,  a  crystalline  precipitate  is  formed  which 
under  the  microscope  is  seen  to  be  free  from  any  admixture  of  tri- 
barium  imidosulphonate.  It  is  alkaline  to  litmus,  very  sparingly 
soluble  in  water,  readily  in  nitric  or  hydrochloric  acid,  and  decomposed 
by  ammonium  carbonate  to  a  large  extent,  but  never  completely. 
It  contains  water,  but  does  not  noticeably  lose  weight  even  at  120°.. 
Heated  quickly  to  a  higher  temperature,  it  is  dissipated  in  a  cloud  of 
barium  sulphate.  Five  preparations  made  at  different  times  show^ 
close  agreement  in  composition,  with  the  exception  of  that  first  pre- 
pared (which  is  entered  in  our  note  book  as  not  pure).  The  numbers 
agree  with  those  calculated  for  BaiiNagN  10(803) 20, I3H2O,  which  may 
be  written  as  8Ba]SraN(S03)2,H20  +  Ba3N2(S03)4,5H30. 

Calculated.       a.          h.  c.                    d.                       e. 

Barium  . .      41-12     42-35  40-05  41-17  40-45—41-07  40-85—40-91. 

Sodium  . .        5-02       5-08     5-26  4*93            —                   5-25 

Sulphur..     17-46     18-80    —  —            17-54            17-56 
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The  barium  and  sodium  were  determined  by  cautious  ignition  of 
the  salt  alone,  then  with  sulphuric  acid,  and  boiling  out  with  water. 
The  residue  was  weighed  as  barium  sulphate,  and  the  soluble  matter, 
after  re-ignition,  weighed  as  sodium  sulphate.  The  sodium  of  d  was 
lost.  The  sulphur  was  estimated  by  hydrolysis,  followed  by  precipi- 
tation with  barium  chloride,  but  the  barium  sulphate  was  here 
weighed  in  two  quantities,  that  formed  by  hydrolysis  and  that  by  the 
barium  chloride. 

Calcium  Imidosulphonates,  Simple  and  Double. 

Normal  calcium  imidosulphonates  Cd,:^i{^Oz)i,  is  not  formed  by  the 
action  of  calcium  chloride  on  sodium  or  ammonium  imidosulphonate. 
When  a  solution  of  diammonium  imidosulphonate  is  treated  with 
pure,  soft  calcium  hydroxide  in  the  calculated  quantity,  ammonia  is 
at  once  liberated  and  is  all  expelled  by  two  or  three  evaporations  of 
the  solution  to  dryness.  The  salt  left  dissolves,  and  forms  concen- 
trated solutions  crystallising  in  transparent  prisms.  But  although 
the  salt  dissolves  at  first  freely,  the  last  portions  are  more  difficult  to 
bring  into  solution,  and  it  may  be  that  water  partly  decomposes  the 
salt  into  the  calcium  hydrogen  salt  and  calcium  hydroxide.  The  salt 
was  not  analysed,  except  that  a  calcium  determination  was  made, 
from  which  it  appeared  that  the  crystals  have  10  mols.  H2O  to  2 
atoms  of  nitrogen  in  the  salt. 

Calcium  hydrogen  iinidosulphonate  is  obtained  in  radiating  groups 
of  fine  needles  when  diammonium  imidosulphonate  and  the  calculated 
quantity  of  calcium  hydroxide  are  mixed,  and  the  solution  repeatedly 
evaporated  to  expel  all  ammonia.  The  calcium  hydroxide  dissolves 
quickly  after  it  is  added.  The  salt  is  soluble,  and  has  not  been 
analysed. 

Calcium  ammonimn  imidosulphonate  is  a  sparingly  soluble  salt, 
obtained  when  the  calculated  quantity  of  calcium  hydroxide  is  dis- 
solved in  diammonium  imidosulphonate  solution,  this  quantity  being 
in  the  proportion  Ca(0H)2  :  (NH4)2HN(S03)2.  The  salt  rapidly 
crystallises  after  the  dissolution  of  the  lime.  It  has  not  been 
analysed. 

Calcium.  Sodiwn  Imidosulphonate. — To  a  hot  concentrated  solution 
of  trisodium  imidosulphonate  a  solution  of  calcium  chloride  is  added, 
containing  about  the  requisite  quantity  to  form  the  tricalcium  salt, 
and  the  mixture  left  to  cool.  It  is  not  the  tricalcium  salt,  however, 
but  the  calcium  sodium  salt,  which  crystallises  out  in  groups  of  hard, 
brilliant  prisms  ;  it  can  be  recrystallised,  and  thus  purified  if  necessary. 
Jt  is  sparingly  soluble  in  cold  water,  and  has  an  alkaline  reaction. 
It  only  very  slowly  takes  up  carbonic  acid  from  the  atmosphere. 
Analysis  coi-responds  to  the  composition  CaNaN(S03)2,3H20. 
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Found. 

N 

III. 


Calculated. 

r 

II. 

Calciam. . 

..      1375 

13-95 

14-07 

Sodium . . 

7-90 

7-72 

— 

Sn  Iphur. . 

. .      21-99 

— 

22-21 

Nitrogen . 

. .       4-81 

— 

— 

—  —  4-88 

The  relative  positions  of  the  calcium  and  sodium  are  not  very 
certain.  For  sake  of  symmetry,  the  sodium  might  be  put  in  the 
imide  relation,  but  such  a  procedure  has  nothing  to  support  it. 
Taking  the  sodium  to  act  as  the  more  basylous  element,  the  formula 
becomes 

-^^SOaNa 


Jjead  Innidosulphonates. 

A  lead  imidosulphonate  was  used  by  Jacquelain,  and  again  by 
Berglund,  to  prepare  imidosulphonic  acid  ;  but  we  know  of  no  publi- 
cation of  particulars  concerning  the  salt  employed. 

Disodium  or  other  bibasic  imidosulphonate  does  not  yield  a  pre- 
cipitate with  lead  nitrate,  and  only  a  very  slight  one  with  normal  lead 
acetate.  It  is  therefore  necessary  to  take  either  the  trisodium  imido- 
sulphonate, or  to  employ  a  basic  lead  acetate,  in  order  to  get  an 
insoluble  lead  salt  in  sufficient  quantity.  This  salt  is  always  a  basic 
or  hydroxy-salt ;  so  that  its  separation  renders  the  mother  liquor 
much  less  basic  than  the  mixed  solutions  employed.  Hence  the  re- 
tention of  lead  salt  and  imidosulphonate  together  in  the  mother 
liquors,  and  also  the  fact  that  either  one  or  the  other  must  be  present 
in  them.  In  fact,  it  is  only  by  using  a  basic  lead  acetate  that  it  is 
possible  to  throw  all  the  imidosulphonate  out  of  solution,  whilst  to 
precipitate  all  the  lead,  it  is  necessary  to  use  the  trisodium  salt.  Hydr- 
oxy-lead  acetate,  and  lead  nitrate  or  normal  acetate  yield  precipitates 
of  different  salts  with  trisodium  imidosulphonate,  but  the  metal  in 
the  salt  precipitated  consists  entirely  of  lead.  One  other  point  to 
be  here  noticed,  as  affecting  precipitation,  is  the  solubility  in  solution 
of  normal  lead  acetate  of  the  lead  imidosulphonates  insoluble  in 
water.  The  solution  is  alkaline,  and  freely  precipitable  by  carbonic 
acid,  and  may  be  regarded  as  containing  basic  lead  acetate  and  the 
soluble  lead  hydrogen  imidosulphate.  Although  a  superficial  ex- 
amination of  the  reactions  of  imidosulphonates  with  lead  salts  may 
suggest  the  view  of  their  being  ill- defined,  fuller  investigation  proves 
them  to  be  quite  definite. 

VOL.  LXI.  3   T 
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The  normal  salt,  Pb3N"2(S03)4j  appears  not  to  exist.  The  first  addition 
of  lead  acetate  or  nitrate  gives  a  precipitate  of  a  basic  salt  with  tri- 
sodium  imidosulphonate  ;  and  basic  lead  imidosnlphonate,  treated  with 
small  quantities  of  nitric  acid,  dissolves,  as  a  whole,  to  yield  a  neutral 
or  slisrhtly  acid  solution,  the  uudissolved  part  remaining  unchanged 
(p.  971). 

The  lead  hydrogen  salt,  HN(S03)2Pb,  appears  to  exist  in  solution, 
but  the  attempt  to  separate  it  leads  to  decomposition.  Its  solution 
can  be  prepared  by  treating  either  basic  salt  with  somewhat  less  than 
enough  dilute  sulphuric  acid,  and  decanting  the  clear  solution  from 
the  sulphate  and  undecom posed  basic  salt.  The  solution  can  be 
preserved  unchanged,  in  absence  of  acetates,  for  a  very  short  time 
only.  It  is  slightly  acid  to  litmus.  Left  in  a  desiccator,  it  suffers 
decomposition  into  amidosulphonic  acid  and  lead  sulphate,  slowly  at 
first,  but  more  rapidly  as  the  solution  grows  concentrated.  Heating 
the  solution  effects  the  same  change.  Alcohol  produces  a  voluminous 
precipitate,  gradually  giving  place  to  a  crystalline  deposit  which 
partly  adheres  to  the  sides  of  the  vessel,  is  nearly  insoluble  in  water, 
and  appears  to  be  sulphate. 

Eemiliijdroxy-lead  Imidosulplionate,  HOPbN(S03PbOH)2. — When 
lead  nitrate  and  trisodium  imidosulphonate  in  solution  are  brouffht 
together  in  widely  varying  proportions,  this  salt  is  precipitated, 
voluminous  at  first,  but  soon  becoming  dense  and  granular.  Di- 
sodium  imidosulphonate  and  sodium  nitrate  are  the  other  products  of 
the  reaction 

8Pb(N03)2    +     3H2O     +    4Na3N(S03)2    =    (HOPb)3T^(S03)2 

+  3HNa.,N(S03)2  +  eNaNOg. 

The  precipitation  is  very  nearly  quantitative.  If  the  trisodium  salt 
is  not  used  in  excess,  the  mother  liquors  are  neutral  to  methyl-orange. 

Normal  lead  acetate  may  be  used  in  place  of  the  nitrate,  but  the 
results  are  not  so  satisfactory.  The  best  way  to  proceed  is  to  mix 
the  solutions  rapidly  together  in  something  approaching  the  right 
proportions;  or  the  two  salts  maybe  rubbed  together  in  the  solid 
state  and  then  treated  with  water.  By  either  of  these  methods,  if 
the  proportion  of  either  salt  is  not  very  many  times  greater  than  it 
should  be,  a  product  of  constant  composition  is  obtained,  which 
differs,  however,  from  the  pure  lead  salt  in  having  about  yV^d  of 
the  lead  replaced  by  hydrogen.  The  weight  of  the  precipitate 
obtained  from  a  given  quantity  of  trisodium  salt  is  greater  with  lead 
acetate  than  with  the  nitrate,  and  greater  as  the  excess  of  acetate 
used  is  greater.  The  acetate  mother  liquor,  though  alkaline  to 
methyl- orange,  is  acid  to  phenolphthalein,  and,  after  the  lead  in  it 
is  replaced  by  sodium,  by  precipitation  with  normal  sodium  oxalate, 
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can  be  tifrafed  by  sodium  hydroxide,  using  phenol pbt-halem  as  indi- 
cator. Thus  tested,  these  h'quors  proved  to  contain  free  acetic  acid  ; 
the  quantity  increasing  with  that  of  the  acetate  used,  and,  therefore, 
with  the  precipitate  produced.  In  these  experinnents,  particularly 
good  normal  lead  acetate  was  used.  It  appeared  from  the  experiments 
made  that  about  one- eighth  of  the  excess  of  lead  acetate  used  must 
react  with  disodium  iraidosulphonate,  a  product  of  the  main  reaction 
as  already  pointed  out,  the  change  being  as  follows : — 

3Pb(OAc)2  4-  3H2O  +  Hm2]Sr(S03)2  =  (HOPb)3N'(S03)2 

+  2XaOAc  +  4H0Ac. 

The  acetic  acid  thus  generated  actings  so  as  to  reverse  the  reaction, 
is  probably  tbe  cause  of  the  very  slight  replacement  of  lead  by 
hydrosfen  in  the  salt  precipitated  by  acetate. 

When  the  trisodium  imidosulphonate  solution  is  added  by  degrees 
to  the  lead  acetate,  a  gelatinous  precipitate,  like  lead  hydroxide,  forms 
and  then  redissolves  in  the  lead  acetate.  When  enoug-h  of  the 
sodium  salt  has  been  added  to  cause  a  permanent  precipitate,  tbis  is 
somewhat  slimy,  and  only  slowly  becomes  pulverulent,  whilst  the 
walls  of  the  vessel  get  coated  with  a  crystalline  precipitate.  Thw 
mixed  product  is  unfit  for  analysis.  When  the  lead  acetate  is  added 
gradually  to  the  sodium  imidosulphonate,  the  precipitate  also  remains 
voluminous  and  somewhat  gelatinous,  and  is  probably  not  a  pure 
product.  If  too  much  of  the  sodium  salt  has  not  been  added,  and 
the  solution  is  quickly  filtered,  it  slowly  yields  a  few  brilliant  crystals 
of  what  is  evidently,  both  from  its  appearance  and  the  results 
afforded  by  an  imperfect  analysis,  the  hvdroxy-lead  salt. 

The  hydroxy-lead  salt,  in  perfect,  brilliant,  microscopic  prisms,  can 
be  obtained  very  pure  by  treating  the  more  basic  lead  salt,  next 
described,  with  but  little  more  nitric  acid  than  is  required  to  remove 
the  excess  of  lead.  The  nitric  acid  can  be  clearly  seen  to  dissolve  a 
portion  of  the  more  basic  salt,  and  almost  at  once  to  deposit  a  crys- 
talline precipitate  and  incrustation  of  the  hemibasic  salt.  If,  instead 
of  stopping  the  addition  of  nitric  acid  when  enough  has  been  used, 
more  is  added,  the  crystalline  salt  proportionately  dissolves  without 
reprecipitating.  The  nitric  solution  is  neutral  to  methyl- orange,  so 
that,  in  the  dissolution  of  the  more  basic  salt,  the  reaction  is 

(HOPb)3N(S03)2,Pb(OH)2  -f  6HNO3  =  HPbN(S03)2 

-f  5H2O  -f  3Pb(]Sr03)2, 

and  then,  this  solution  reacting  with  a  further  quantity  of  the  more 
basic  salt,  gives 

2(HOPb)3N(S03)2,Pb(OH),  +  HPbN(SO  ),  = 

3(HOPb)3N(SO:0a  +  H3O. 
3  Y  2 
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This,  in  a  manner,  can  be  shown  by  pouring  the  nitric  sohition  into  a 
lari^e  excess  of  hydroxy -lead  acetate  solution,  when  the  hemi-hydroxy- 
lead  imidosulpbonate  also  precipitates  in  the  pure  state.  There  is 
also  the  fact  observed  that  the  nitric  solution  when  soon  poured  off 
from  the  undissolved  basic  salt,  contains  much  lead,  whereas  if  it  is 
left  over  the  undissolved  basic  salt  it  goes  on  depositing  a  crystalline 
precipitate  of  the  hemi-basic  salt. 

The  modification  of  this  process,  expressed  by  the  equation 

3(HOPb)3N(S03)2,Pb(OH)2  +  HNCSOaNa),  +  2HNO3  = 

4(HOPb)3N(S03)2  +  2NaN03, 

has  also  been  successfully  carried  out  by  adding  the  nitric  acid  very 
slowly  and  shaking  well. 

The  hemi-hydroxy-lead  imidosulpbonate  is  an  anhydrous  salt,  not 
counting  its  hydroxyl,  very  permanent,  losing  nothing  at  100°,  in- 
soluble in  water,  and  scarcely,  if  at  all,  alkaline  in  reaction  when  in 
contact  with  wet  litmus  paper. 

A  number  of  preparations  by  different  methods  have  been  analysed 
with  closely  concordant  results : 


Lead . . . 
Sulphur 


Calculated. 

Found. 

73-40 

V3-21— 73-35 

"J'hQ 

7-50 

The  lead  acetate  precipitates  gave  from  7231  to  72-78  per  cent,  lead, 
and  from  7*52  to  7-65  per  cent,  sulphur.  The  sodium  w^as  deter- 
mined in  some  of  these  preparations,  and  was  found  to  be  no  more 
than  0-075  per  cent. 

The  pure  salt  was  also  titrated  with  a  standard  nitric  acid,  and  its 
basicity  found  to  agree  with  that  calculated.  In  order  to  just  dis- 
solve 1  gram  of  the  salt  leaving  the  solution  neutral  to  methyl-orange, 
48-71  c.c.  of  the  acid  was  required,  the  calculated  being  47-28  c.c. 

Five-eighths  Oxy-lead  Imidosulphonate,  (HOPb)3N(S03)2,PbO  or 
Pb(0H)2. — This  salt  is  precipitated  on  adding  trisodium  imido- 
sulpbonate to  excess  of  basic  lead  acetate,  the  quantity  of  basic  lead 
acetate  needed  being  very  large ;  it  is  advantageous  to  use  not  less 
than  6  mols.  of  hemi-hydroxy-lead  acetate  to  1  mol.  of  trisodium 
imidosulpbonate.  The  calculated  quantity  is  5  mols.,  but  an  excess 
helps  to  keep  sodium  out  of  the  salt.     The  reaction  is  as  follows  :— 

Na3lSr(S03)2  +  5H0-Pb-0Ac  =  (HOPb)3N'(SO:02,Pb(OH)2 

+  3NaOAc  +  Pb(0Ac)2, 

and,  therefore,  it  would  be  better  probably  to  employ  a  more  basic 
lead  acetate.     Using,  as  we  did,  about  6  molg.  of  hemi-hydroxy-lead 
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acetate,  the  mother  liquor,  after  precipitation,  was  still  markedly 
basic.  Both  precipitate  and  mother  liquor  were  quite  free  from 
sulphate;  a  very  little  sodium  was  found  in  the  precipitate  after  it 
had  been  well  washed,  but  no  acetic  acid.  It  is  insoluble  in  water, 
but  readily  soluble  in  dilute  nitric  acid.  Its  partial  dissolution  in 
nitric  acid  leads  to  the  formation  of  the  hemi-hydroxy-lead  imido- 
sulphonate.  It  has  scarcely  any  action  on  moist,  red  litmus,  when 
left  in  contact  with  it.  It  is  insoluble  in  solutions  of  the  parent 
salts,  and  is  not  altered  by  them. 

It  does  not  lose  water  even  when  heated  to  180",  but,  at  a  higher 
temperature,  it  gives  off,  first  water,  then  ammonia,  then  water  again, 
then  it  blackens  through  formation  of  sulphide,  and  finally  it  evolves 
sulphur  dioxide.  The  loss  of  water  and  ammonia  is  explained  by  the 
equation 

3(HO)5Pb4N(S03)2  =  6PbO  +  SPbSOa  +  SPbSO^  +  NH3  + 

N2  +  6OH0. 

Then  the  lead  sulphite  becomes,  as  usual  by  the  rising  temperature, 
partly  lead  sulphide  and  sulphate,  partly  lead  oxide,  and  sulphur 
dioxide.  At  the  temperature  of  fusion,  the  sulphide  and  oxide  would, 
of  course,  react. 

Two  preparations  were  analysed,  a  and  h  : 

Found. 

Calculated  for  ^ * . 

(HOPb)3N(SOa)2,PbO,iHoO.  a.  b.  c. 

Lead 76-81  7679     76-05     76-82 

Sulphur 5-94  5-82       600       — 

Sodium —  0-15       0-15       ~ 


Behaviour  of  hnidosulphonates  as  Compound  Amines  towards 
other  Bodies. 

We  have  here  collected  some  facts,  already  recorded  in  the  paper, 
which  appear  to  show  that  imidosulphonates  form  compounds  in 
which  the  nitrogen  becomes  quinquevalent  as  in  ammonium  salts. 

First,  in  order  of  observation,  there  is  the  retention  of  1  mol.  of 
water  at  110°  by  the  trisodium  salt.  The  potassium  salt,  which 
crystallises  with  1  mol.  H2O  (Raschig),  has  not  been  examined  in 
this  respect.  Next,  there  is  the  union  of  the  diammonium  salt  with 
sodium  nitrate  to  form  a  well-crystallised  compound,  which  may  be 

formulated   as    ^q  -^^*^Na  ^  '    ^^^   ^^®   similar  compound  of 

dipotassium  imidosulphonate.      Lastly,  there  is  the  more  basic  lead 
salt  described  in  the  last  part  of  the  previous  section  of  this  paper. 
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J  Ins  may  be  written    ^  >^<^^^^  or  ^0'^<^^^^^^^ 

according  as  we  reject  or  admit  the  presence  of  1  mol.  of  water,  as 
shown  by  analysis. 

Silver  ImidosulpTionates. 

Silver  nitrate  and  trisodium  imidosulphonate  yield  three  different 
compounds,  in  which  1,  2,  and  3  atoms  of  sodium  are  replaced  by 
silver.  Such  an  unusnal  behaviour  in  the  salt  of  a  poly  basic  acid 
gives  to*  imidosulphonic  acid  a  special  interest. 

The  addition  of  silver  nitrate  in  limited  quantity  causes  a  white 
precipitate  which  redissolves  to  be  rapidly  followed,  unless  the  solu- 
tions are  very  dilute,  by  the  separation  of  another  compound.  This 
consists  of  interlacing,  fibrous  cry&tals,  filling  the  liquid  as  a  felted 
mass,  even  when  the  quantity  present  is  small. 

.  The  addition  of  more  silver  nitrate  to  the  liquid  and  crystals, 
generally  causes  more  of  the  first  white  precipitate  to  be  formed,  and 
subsequently,  if  sufficient  of  it  is  added,  the  disappearance  of  both  the 
precipitates  together.  The  new  solution  becomes  almost  immediately 
full  of  a  third  precipitate,  this  time  of  very  dense,  hard,  minute, 
separate  crystals,  which  rapidly  subside  as  a  deposit,  in  appearance 
closely  resembling  silver  sand.  A  salt  of  the  same  composition  as 
this  often  occurs  as  a  hard,  crystalline  incrustation  on  the  sides  and 
bottom  of  the  beaker  when  a  little  silver  nitrate  is  added  to  the 
mother  liquor  from  the  felted  crystals. 

Some  experiments  with  tripotassium  imidosulphonate  have  given 
us  salts  apparently  analogous  to  those  got  from  the  sodium  salt,  but 
we  have  not  further  examined  them. 

Triargentic  Imidosulphonate.* — By  adding  the  sodium  salt  in  limited 
quantity  to  silver  nitrate,  the  white  precipitate  is  also  formed,  and  is 
now  permanent  in  contact  with  the  mother  liquor.  This  precipitate, 
which  is  triargentic  imidosulphonate,  is  but  very  slightly  soluble  in 
water,  and,  after  long  washing  on  the  filter,  yields  a  milky  filtrate. 
It  is  a  relatively  voluminous  precipitate,  forming  chalk-like  masses 
when  dry.  It  is  without  water  of  crystallisation,  as  was  to  be 
anticipated,  but  even  when  heated  for  a  long  time  at  110°  retains 
0'55  per  cent,  of  water  (possibly  fixed  by  hydrolysis  from  the 
atmosphere),  as  determined  by  combustion  with  copper  oxide.  It 
bears  heat  well,  but  at  a  comparatively  high  temperature  it  rapidly 
decomposes  with  or  without  fusion,  giving  in  the  open  tube  first  a 
very  little  ammonia  and  a  slight  sublimate,  then  sulphur  dioxide, 

*  May  possibly  liave  been  already  described  by  Berglund  in  the  Lunds  univ. 
Arsk.,  12. 
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nitrogen,  silver,  silver  sulphide,  and  silver  sulphate.  When  heated 
in  a  vacuum,  scarcely  any  sublimate  is  formed,  and  no  change  takes 
place  till  the  temperature  reaches  440°,  when  gas  comes  off,  and 
blackening  without  fusion  occurs;  the  residue  consists  of  silver 
sulphate,  silver  sulphide,  and  silver,  and  the  gas  of  nitrogen  and 
sulphur  dioxide.  The  proportions  of  these  products  vary  a  little,  a 
higher  temperature  apparently  giving  more  silver  and  sulphur  di- 
oxide. The  first  moiety  of  gas  was  thus  found  to  consist  of  4  vols, 
of  nitrogen  to  5  vols,  of  sulphur  dioxide,  and  the  second  moiety  of 
2  vols,  of  nitrogen  to  3  vols,  of  sulphur  dioxide,  so  that  the  decompo- 
sition lies  between  those  expressed  by  the  equations 

4Ag]Sr(S03Ag)2  =  2N2  +  2SO2  +  5Ag,S04  +  Ag^S, 
and  4A.gN(S03Ag)2  =  2N2  +  4SO2  +  ^AgaSO*  +  2Ag2, 

but  nearer  the  first  one. 

The  salt  was  prepared  for  analysis  by  adding  the  sodium  salt 
gradually,  with  stirring,  to  excess  of  silver  nitrate.  In  spite  of  the 
strongly  alkaline  reaction  of  the  former,  the  mother  liquor  of  the 
precipitate  proved  to  be  neutral,  as  it  should  be ;  the  precipitate  was 
brilliantly  white,  without  the  slightest  brown  tinge.  As  it  is  not 
decomposed  by  water,  it  was  well  washed.  Its  analysis  gave,  besides 
the  0*o5  per  cent,  water  mentioned  above,  the  following  results : — 

Found. 

f -^ N 

AgN(S03Ag)2.             1.  II.  111. 

Silver C5'06  64'92  64-53  64-58 

Sulphur 12-85                 —  —  12-94 

Nitrogen... 2*81                  —  —  3-16 

Diargentic  Sodium  Imidosulphonate. — The  sandy  precipitate,  de- 
scribed above,  is  a  salt  with  2  atoms  of  silver  to  I  atom  of  sodium, 
it  is  sparingly  soluble  in  water,  and  very  slightly  decomposed  by  it, 
silver  hydroxide  being  one  of  the  products.  It  is  of  a  faint  buff 
colour.  Under  the  microscope  its  crystals  are  seen  to  be  hexagonal 
plates,  always  single ;  they  act  on  polarised  light.  This  salt,  though 
otherwise  anhydrous,  retains  a  little  water  with  the  same  firmness  as 
is  shown  by  the  other  silver  salt ;  its  behaviour  when  heated  also 
closely  resembles  that  of  the  latter,  except  that,  naturally,  sodium 
sulphate  forms  part  of  the  residue  as  well  as  silver  sulphate. 

To  prepare  the  salt  for  analysis,  the  sodium  salt  was  added 
gradually  to  a  little  less  than  two-thirds  of  its  equivalent  of  silver 
nitrate.  The  sandy  precipitate  obtained  was  only  slightly  washed, 
and  then  drained  and  dried  on  a  tile.  An  incrustation  (washed  in 
situ)  was  also  analysed.     The  results  were  : — 
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Ag2^aN  (803)3.  Incrust.  Precip. 

Sodmm 5-57                 6'61  5-67 

Silver 52-30  52-02  51-87 

Sulphur 15-50                —  15-60 

Nitrogen   3-39                 —  3-45 

Argentic  Disodium  ImidosulpJionate. — This  salt,  whicli  forms  crys- 
talline fibres,  is  the  most  soluble  of  the  three  salts,  but  is  still  only 
sparingly  so.  It  is  gradually  and  visibly  decomposed  by  water,  the 
change  consisting,  apparently,  partly  in  the  formation  of  silver  hydr- 
oxide and  hydrogen  disodium  imidosulphonate,  partly  in  resolution 
into  trisodium  salt  and  the  diargentic  sodium  salt.  On  this  account, 
although,  readily  produced,  it  is  difficult  to  get  pure.  It  retains  a 
very  little  water,  as  usual,  and  behaves  when  heated  almost  like  the 
preceding  salt.  For  analysis,  it  was  freed  from  mother  liquor  by 
pressure  in  a  calico  filter,  and  then  between  porous  tiles.  In  pre- 
paring it,  the  sodium  salt  was  added  to  a  little  less  than  one- third  of 
its  equivalent  of  silver  nitrate,  and  the  mixture  agitated  at  once  in 
order  to  redissolve  the  white  precipitate  of  silver  salt  first  thrown 
down,  and  before  the  fibrous  crystals  begin  to  form.  Analysis 
gave : — 

c. 

AgNa2N(S03)2.  a.  h.  , ' , 

Sodium 14-02  14-75       —         —       13-81 

Silver 32-93  33-07     33-49     33-50     33-49 

Sulphur 19-51  —        19-18     1952       — 

Nitrogen 4*27  —  —  429       — 

Double  Mercury  Imidosulphonafes. 

Single  mercury  imidosulphonates  seem  to  be  incapable  of  exist- 
ence. 

Mercury  Potassium  Imidosulphc nates. — Berglund  prepared  mercury 
dipotassium  imidosulphonate,  HgN2(S03K)4,  from  tripotassium  imido- 
sulphonate.  We  have  prepared  it  from  dipotassium  imidosulphonate 
by  adding  mercuric  oxide  to  it,  heating  the  mixture  with  water, 
filtering  hot  if  necessary,  and  leaving  the  solution  to  cool.  The  salt, 
which  is  nearly  insoluble  in  cold  water,  separates  out  in  very  minute 
needles,  sometimes  arranged  loosely,  sometimes  in  spherical  tufts, 
and  is,  when  dry,  of  silvery  lustre. 

An  oxymercuric potassium  salt,  analogous  to  the  sodium  salt  (p.  983), 
seems  to  be  among  the  products  of  the  reaction  between  mercuric 
nitrate  and  potassium  imidosulphonates,  but  we  have  not  made  any 
study  of  it. 

The  behaviour  of  mercury  dipotassium  imidosulphonate  with  acids, 
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as  o"bserved  by  us,  is  of  interest  in  connection  with  the  theory  of  the 
constitution  of  tlieso  salts,  and  we  shall  refer  to  it  later  on  when  dis- 
cussing that  point  (p.  986).  When  the  salt,  in  the  form  of  paste 
with  water,  is  treated  with  nitric  acid,  it  is  converted  into  the  very 
slightly  soluble  dipotassium  imidosulphonate,  all  its  mercury  dis- 
solving as  mercuric  nitrate.  When  washed  and  drained  on  a  tile, 
the  salt  left  undissolved  was  found  to  be  free  from  mercury  and  from 
sulphate.  The  same  experiment  can  be  carried  out  by  the  use  of 
dilute  sulphuric  acid,  but  less  satisfactorily.  The  nitric  acid  used 
may  be  strong  and  in  excess,  but  the  sulphuric  acid  must  be  dilute 
and  not  in  excess,  and  is  apt  to  give  a  small  precipitate  of  mercuric 
salt.  Hydrochloric  acid  removes  both  metals,  and  causes  extremely 
rapid  hydrolysis. 

Mercury  Barium,  HgN2(S03)4Ba2,  and  other  Double  Mercury  Imido- 
sulphonates. — According  to  Berglund,  mercury  dipotassium  imido- 
sulphonate gives  a  series  of  double  salts  in  which  the  potassium  is 
replaced  by  another  metal.  It  follows  that  these  salts  can  also  be 
prepared  from  the  mercury  sodium  salts,  but  we  have  only  made  our- 
selves familiar  with  the  mercury  barium  salt,  particularly  noticed  by 
Berglund.  It  is  a  lustrous,  crystalline,  dense  salt,  almost  insoluble  in 
cold  water. 

Mercury  Dihydrogen  Imidosulphonates. — When  mercury  barium 
imidosulphonate  is  treated  with  dilute  sulphuric  acid,  not  more  than 
sufficient  to  remove  the  barium,  it  appears  to  be  sharply  converted 
into  barium  sulphate  and  mercury  hydrogen  imidosulphonate.  This 
observation  of  Berglund's  we  have  confirmed  and  extended.  We 
worked  quantitatively,  and  were  careful  to  use  the  sulphuric  acid  in 
slight  detiicit,  and  to  filter  quickly.  But,  on  testing  the  filtrate,  we 
found  the  hydrolysis  of  the  imidosulphonate  into  sulphate  and 
amidosulphonic  acid  had  already  begun.  It  progressed  steadily, 
and  in  10  minutes  a  good  deal  of  sulphuric  acid  had  been  formed, 
showing  that  mercury  hydrogen  imidosulphonate  is  even  less 
stable  than  hydrogen  imidosulphonate  itself.  In  about  10  minutes 
also,  the  solution  began  to  grow  turbid,  from  separation  of  an 
oxymercnric  salt,  probably  amidosulphonate.  The  fresh  solution, 
when  almost  neutralised  with  potassium  hydroxide,  gave  a  slight, 
white  turbidity,  doubtless  of  oxymercuric  potassium  imidosulphonate  ; 
this  dissolved  when  a  little  more  alkali  was  added.  The  slightly 
alkaline  solution,  thus  prepared,  soon  began  to  deposit  minute  crystals, 
which  we  identified  as  mercury  dipotassium  imidosulphonate.  Thus, 
we  had  proved,  so  far  as  might  be  done,  that  the  fresh  filtrate  from 
the  barium  sulphate  is  really  a  solution  of  mercury  hydrogen  imido- 
sulphonate. 

Oxymercuric  Hydrogen  Imidosulphonate. — A  second  salt  of  mercury 
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and  hydrogen  can  be  readily  obtained  which  is  afc  once  both  basic  and 
acid,  as  its  name  indicates.  Highly  concentrated  mercuric  nitrate 
solutions,  even  when  as  free  as  possible  from  nitric  acid,  dissolve  solid 
potassium  or  sodium  imidosulphonates,  yielding  clear  and  compara- 
tively stable  solutions.  When  these  solutions  are  heated,  the  imido- 
sulphonate  hydrolyses  into  amidosulphonate,  but  if  diluted  without 
heating  they  deposit  oxymercuric  hydrogen  imidosulphonate.  The 
same  salt  is  almost  immediately  precipitated  when  trisodium  imido- 
sulphonate in  solution  is  added  to  mercuric  nitrate. 

To  prepare  this  salt,  about  5  parts  by  weight  of  an  undiluted  mer- 
curic nitrate  solution  are  taken,  equal  to  about  half  its  weight  of  mer- 
curic oxide,  and  into  it,  with  stirring,  is  poured  a  cold  solution  (neces- 
sarily dilute)  of  1  part  of  trisodium  imidosulphonate;  precipitation  of 
the  salt  begins  almost  at  once,  and  is  finished  in  a  few  minutes.  The 
mother  liquor  still  contains  much  mercuric  nitrate  and  some  imidosulph- 
onate, besides  sodium  nitrate  and  much  nitric  acid.  The  addition  of 
a  little  more  trisodium  salt  causes  scarcely  any  further  precipitation, 
but  a  larger  quantity  throws  down  the  oxymercuric  sodium  salt.  The 
brilliant  white  and  voluminous  oxymercuric  hydrogen  salt  hydro- 
lyses only  very  slowly  in  its  acid  mother  liquor,  on  account  of  the 
protective  action  of  the  mercuric  nitrate.  It  should  be  repeatedly 
washed  by  subsidence  and  decantation  with'abundance  of  cold  water, 
and  drained  till  dry  on  a  tile  or  filter.  If  less  mercuric  nitrate 
has  been  used,  and  the  precipitate  contains  sodium  (as  oxymercuric 
sodium  salt),  this  may  be  converted  into  the  pure  oxymercuric 
hydrogen  salt  either  by  digestion  for  a  day  w4th  concentrated  mer- 
curic nitrate  solution  and  washing,  or  simply  by  continued  and 
thorough  washing  with  water.  If  digestion  with  mercury  nitrate 
solution  is  adopted,  the  water  used  for  the  first  washing  must 
contain  a  little  nitric  acid  to  guard  against  the  formation  of  any  oxy- 
nitrate. 

Oxymercuric  sodium  imidosulphonate,  when  washed  with  much 
water  for  a  long  time,  leaves  a  far  smaller  weight  of  oxymercuric 
hydrogen  salt,  and  imparts  continuously  to  the  wash-waters  small 
quantities  of  a  mercury  sodium  imidosulphonate,  apparently  the  same 
as  that  got  by  digesting  mercuric  oxide  in  a  solution  of  mercuric 
disodium  imidosulphonate,  perhaps  0[HgN(S03Na)2]2.  These  wash- 
ings are  neutral  or  faintly  alkaline,  and  when  evaporated  a  little 
on  the  water-bath,  yield  small  quantities  of  micaceous  crystals.  This 
reaction  appears  to  be  expressed  by  the  equation — 

2Hg(OHgS03)2NHgN(S03Na)2  -f  H^O  =  0[Hg]S'(S03Na)2]a 

-f  2HN(S03HgO)2Hg. 

Oxymercuric    hydrogen    imidosulphonate    is    an    anhydrous    salt. 
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After  drying  in  a  desiccator,  it  loses  0"7  to  08  per  cent,  of  water 
>vlien  heated  at  100^  or  above.  It  may  be  heated  in  dried  air  to  180° 
or  higher  without  changing ;  but  at  a  little  below  a  dull  red  heat  it 
decomposes,  and  then  slowly  gives  off  water,  nitrogen,  and  sulphur 
dioxide ;  at  this  temperature  it  is  yellow,  but  when  cooled  it  again 
becomes  white.  At  the  softening  point  of  hard  glass,  it  melts  to  a 
dark  red  liquid,  and  effervesces,  yielding  sublimates  of  metallic 
mercury,  mercurous  and  mercuric  sulphates,  and  some  other  mercuric 
salt  not  sulphate  and  apparently  nitrogenous.  It  seems  impossible, 
even  in  a  vacuum,  to  decompose  it  completely  before  the  mercury 
sulphates  themselves  partly  decompose.  The  gas  first  given  off 
consists  of  nitrogen  with  half  its  volume  or  more  of  sulphur  dioxide  ; 
subsequently  it  consists  of  nitrogen,  sulphur  dioxide,  and  oxygen. 
When  rapidly  raised  to  a  red  heat,  the  salt,  at  the  moment  of  melting, 
effervesces  and  decomposes  almost  explosively. 

its  reactions  with  sodium  hydroxide  and  chloride,  and  with  tri- 
sodium  imidosulphonate  are  similar  to  those  of  the  oxymercuric 
sodium  salt  (p.  984).  Its  basic  or  oxy-salt  character  is  thus  clearly 
demonstrated,  independently  of  the  evidence  derived  from  analysis. 
The  presence  of  hydrogen,  other  than  that  of  hydration,  is  shown  by 
first  heating  the  salt  for  some  hours  at  180°  in  a  current  of  dried  air, 
and  then  to  a  much  higher  temperature,  when  water  vapour,  contain- 
ing sulphuric  acid,  is  given  off*.  As  the  salt  would  yield  only  a  little 
more  than  one- thousandth  of  its  weight  of  hydrogen,  and  the  isola- 
tion of  the  water  would  be  difficult,  hydrogen  was  not  quantitatively 
estimated.     The  analytical  results  obtained  were — 

HNCS03)2Hg302.  (a.)  (J.) 

Mercury   74:'3b  7403  74  09 

Sulphur 7-93  8-06  8*00 

Nitrogen 173  1-76  1-65 

Hydrogen 0'12  —  — 

(Sodium) —  0-06  O'OG 

(Moisture)    —  0-20  0-13 

The  preparation  a  was  made  by  the  direct  method  ;  the  other,  6,  was 
digested  with  mercuric  nitrate  to  remove  the  sodium  which  it  con- 
tained, and  then  washed  with  water  slightly  acidified  with  nitric 
acid. 

On  writing  down  the  reaction  by  which  this  salt  is  formed  from 
mercuric  nitrate  and  trisodium  imidosulphonate — 

3Hg(N03)2  +  Na3N(S03)2  +  211,0  =  HN(S03)2Hg302  -f 

3]SraN03  +  3HlSr08, 

and  comparing  it  with  the  equation  where  oxymercuric  sodium  imido- 
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sulphonate  is  tlie  product,  ifc  will  be  seen  that  in  both  eases  Che  nitrate 
comes  out  half  as  sodium  nitrate  and  half  as  nitric  acid,  and  that  the 
oxymercuric  hydrogen  salt  may  be  represented  as  resulting  from  the 
reaction  of  the  sodium  salt  with  mercuric  nitrate,  thus  : — - 

HgCNOa)^  4-  NaN(S03)2Hg20  +  H^O  =  H]S"(S03)2Hg302  + 

ISTaNOa  +  HNO3. 

N'ow,  this  reaction  can  actually  be  realised,  as  already  stated,  but 
only  with  difficulty  and  in  presence  of  great  excess  of  mercuric 
nitrate  solution,  active  probably  by  virtue  of  its  free  acid.  In  the 
direct  method  of  preparing  the  hydrogen  salt,  it  is  formed  simul- 
taneously with  half  as  much  again  nitric  acid  as  is  produced  when 
the  sodium  salt  is  formed.  From  this  it  would  appear  that  there  is  a 
point  where,  if  the  nitric  acid  is  in  sufficient  quantity  along  with  the 
mercuric  nitrate,  nitrogen  takes  or  keeps  hydrogen  in  place  of 
mercury,  and  the  second  half  of  the  sulphonic  radicles,  as  well  as  the 
first,  takes  mercuric  oxide  in  place  of  sodium,  just  as  it  does  in  other 
cases  even  in  presence  of  free  acid  ;  this,  however,  is  difficult  to 
determine  by  direct  experiment  with  nitric  acid,,  because  of  its  liability 
to  cause  hydrolysis  after  a  time,  and  of  the  uncertainty  in  knowing 
when  the  change  sought  for  has  occurred. 

Mercury  Sodium  ImidosulpTionates. — There  are  two  mercury  sodium 
imidosulphonates.  The  monosodium  salt  is  oxymercuric  or  basic,  but 
the  disodium  salt  is  normal,  and  corresponds  in  composition  with  the 
potassium  salt  obtained  by  Berglund. 

Unless  gradually  added  to  the  solution  of  trisodium  imidosulph- 
onate,  mercuric  nitrate  causes,  almost  immediately,  a  white,  flocculent, 
crystalline  precipitate,  but  this  disappears  on  agitation  so  long  as  there 
is  enough  of  the  sodium  salt  remaining  to  keep  the  mixture  alkaline  or 
neutral ;  when,  however,  this  point  is  passed,  the  precipitate  is  perma- 
nent, and  consists  of  oxymercuric  sodium  salt.  If  the  nitrate  is  added  till 
neutrality  is  just  reached,  or  nearly  reached,  the  solution  soon  begins 
to  deposit  small,  brilliant  crystals,  or  does  so  after  some  evaporation. 
These  are  normal  mercuric  disodium  imidosulplionate.  The  addition 
of  a  solution  of  trisodium  imidosulphonate  to  one  of  mercuric  nitrate, 
free  from  any  unnecessary  excess  of  nitric  acid,  produces,  as  already 
stated,  a  white  crystallo- flocculent  precipitate  which,  if  sufficient  ex- 
cess of  nitrate  remains,  is  the  oxymercuric  hydrogen  salt ;  if  there  is 
too  little  nitrate,  some  oxymercuric  sodium  salt  will  be  deposited  as 
well. 

Mercuric  Disodium  Imidosulplionate. — There  is  little  to  add  concern- 
ing the  preparation  of  this  salt  from  the  trisodium  salt.  Here,  as  in 
other  cases,  it  is  better  to  have  the  mercuric  nitrate  solution  highly 
concentrated,  as  then  there  need  be  but  little  excess  of  nitric  acid. 


I 
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To  prepare  this  solution,  moderately  concentrated  nitric  acid  is  so  far 
saturated  with  mercuric  oxide  that  oxynitrate  begins  to  form  ;  it  is 
then  decanted  from  the  excess  of  oxide  and  left  to  clarify  by  subsid- 
ence. If  too  much  mercuric  nitrate  has  been  added  to  the  sodium 
salt,  the  proportions  can  be  successfully  rectified  by  adding  more 
sodium  salt.  The  mercuric  disodium  salt  can  be  purified,  if  necessary, 
by  recrystallisation  from  hot  water.  Mercuric  disodium  imidosulph- 
onate  can  also  be  readily  prepared  from  disodium  imidosulphonate 
and  mercuric  oxide.  The  two  substances  are  triturated  together  in 
about  the  right  proportions  mixed  with  water,  and  warmed  with  it ; 
the  solution  is  then  filtered,  if  necessary,  and  set  aside  to  crystal lise. 

Mercuric  disodium  imidosulphonate  crystallises  in  small,  brilliant 
prisms  always  separate,  quite  permanent  in  the  air,  and  sparingly 
soluble  in  cold  water;  the  solution  has  a  neutral  reaction.  The 
crystals  contain  6  mols.  HoO,  of  which  only  four  are  lost  in  a  vacuum 
at  the  ordinary  temperature. 

If  heated  at  100°,  after  exposure  in  a  vacuum  desiccator,  it  loses 
most  of  the  remaining  water,  but  not  all,  for  then  (and  at  higher 
temperatures,  a^  130°,  more  quickly),  it  increases  slowly  in  weight 
by  fixing  atmospheric  moisture,  and  becomes  hydrolysed  and 
strongly  acid  (see  effects  of  heating  dipotassium  imidosulphonate, 
p.  954).  If  heated  more  strongly  in  an  open  tube,  it  yields  a  small 
sublimate  of  an  ammonia-sulphite  salt,  mercurous  sulphate,  and 
mercury,  sulphur  dioxide  and  nitrogen  being  given  off,  and  mercurous, 
mercuric,  and  sodium  sulphates  left  as  a  residue. 

When  heated  slowly  in  a  Sprengel  vacuum,  it  suffers  change  in  a 
way  that  can  be  more  closely  studied.  Even  at  444°,  no  material 
alteration  takes  place,  but  just  below  a  red  heat  it  decomposes 
steadily,  temporarily  blackening  through  formation  of  mercuric 
sulphide,  and  giving  besides  much  mercury  as  a  sublimate,  nitrogen 
and  sulphur  dioxide  in  the  proportions  of  two  volumes  of  the  former 
to  three  of  the  latter,  and  a  little  very  volatile  white  ammoniacal 
sublimate,  together  with  a  very  little  water,  and  another  white  subli- 
mate volatilising  again  at  350 — 400°.  The  residue  is  sodium  sulphate. 
That  margin  of  the  white  sublimate  which  is  more  remote  from 
the  heat  consists  of  mercurous  sulphate,  but  the  nature  of  the  rest, 
which  adheres  firmly  to  the  glass,  is  but  imperfectly  made  out.  It  is 
a  mercury  compound  scarcely  affected  by  potassium  hydroxide,  boiling 
watei",  or  dilute  nitric  acid,  and  seems  to  be  a  derivative  of  mercuric 
sulphate  containing  nitrogen. 

The  main  changes  by  heat  appear  to  be — 

2HgN2(S03Na)4  =  4Na,S04  +  HgSO^  +  HgS  +  2S0a  +  2N,, 
and  then  on  farther  heating — 

4NaaS04  +  2Hg  +  480,  -h  2Na. 
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The  ammoniacal  sublimate  and  moisture  are  evidently  due  to  water 
retained  by  the  snlt,  probnbly  through  hydrolysis  ;  whilst  the  mer- 
curous  sulphate  is  formed  from  mercury  and  mercuric  sulphate. 

"With  solutions  of  ordinary  metallic  salts,  the  mercuric  disodium 
salt  ^ives  the  various  double  mercury  imidosulphonates  noticed  by 
Berglund.  For  example,  with  barium  chloride  it  gives  a  precipitate 
of  mercury  barium  imidosulphonate. 

Sodium  hydroxide  precipitates  mercuric  oxide  from  the  pure  salt, 
but  not  in  the  presence  of  sodium  imidosulphonate,  and  under  any 
circumstances  the  precipitation  of  the  mercury  is  far  from  complete. 
According  to  Raschig,  Bersflund  found  tbat  mercuric  dlpotassium 
imidosulphonate  ^ave  no  precipitate  with  potassium  hydroxide,  but 
in  this  respect  we  find  that  the  potassium  salt  behaves  like  the 
sodium  salt,  except  that  the  precipitate  is  perhaps  smaller.  Dilution 
lessens  precipitation  (see  behaviour  of  mercuric  oxide  with  trisodium 
imidosulphonate,  p.  960).  Ammonia  gives  a  white  precipitate ;  so 
also  does  ammonium  chloride ;  in  this  case  it  is  probably  amido- 
raercuric  chloride.  Mercuric  oxide  dissolves  sli^rhtly  in  solution  of 
the  mercury  sodium  salt,  rendering^  it  alkaline.  Both  nitric  acid  and, 
still  more  so,  hydrochloric  acid  dissolve  the  salt  freely ;  apparently 
nitric  acid  does  not  immediately  decompose  it,  but  hydrochloric  acid 
does  completely.  If  the  quantity  of  this  acid  is  insufficient  for  the 
whole  of  the  salt,  its  action  is  confined  to  its  equivalent  quantity,  the 
rest  of  the  salt  being  left  undissolved,  and  no  preferential  replacement 
of  the  sodium  or  the  mercury  by  hydrogen  taking  place.  By  extrac- 
tion with  ether,  by  evaporation,  and  by  other  tests,  the  change  effected 
has  been  ascertained  to  be  the  formation  of  mercuric  sodium  chloride, 
sodium  hydrogen  sulphate,  and  amidosulphonic  acid. 

Analysis  has  given  the  following  results  : — 

HgT^2(S03Na)4,6H:20.      Found. 


Mercury. . . . 

26-74 

2716 

Sodium  .... 

12-30 

12-35 

Sulphur. .  . . 

17-11 

17-19 

Nitrogen  . . , 

3-74 

3-95 

Water 

14-44 

-,  Q.I  tr/ 8-86  lost  in  vac. 
^"^^^4-29     „   at  100' 

The  exposure  in  the  vacuum  was  for  40 — 45  hours ;  the  further 
loss  at  100°  was  the  greatest  obtainable  in  undried  air,  longer  heating 
being  followed  very  slowly  by  increase  of  weight.  As  analysed,  the 
salt  shows  nearly  a  tenth  less  than  the  water  calculated.  Efflorescence 
of  the  sample  was  not  noticed,  but  may  have  occurred  to  a  slight 
extent.     The  main  cause  of  the  deficiency  is,  without  doubt,  fixation 
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of  some  of  the  water  of  crystallisation  or  of  atmospheric  moisture  by 
hydrolysis. 

OxyTYiercuric  Sodinm  ImidosulpJionate. — In  the  preparation  of  this 
salt,  the  sodium  imidosulphonate  is  taken  in  twice  the  molecular  pro- 
portion to  the  mercuric  nitrate ;  the  result  is  satisfactory.  The 
highly  acid  mother  liquor  retains  much  of  the  salt  in  solution,  but  it 
is  thrown  down  if  it  is  nearly  neutralised  with  sodium  hydroxide,  and 
then  contains  scarcely  any  other  mercuric  or  imidosulphonic  salt. 
There  is,  however,  no  necessity  to  adhere  closely  to  the  calculated 
proportions,  provided  the  sodium  salt  is  neither  in  quantity  great 
enough  to  redissolve  the  precipitate  as  mercuric  disodium  salt,  nor  so 
small  as  to  leave  the  nitrate  in  great  excess  ;  it  is,  however,  better  to 
use  too  little  than  too  much  of  the  nitrate,  especially  if  its  solution 
contains  any  quantity  of  free  acid. 

Any  precipitation  of  oxynitrate  which  water  alone  would  cause  in  the 
solution  of  mercuric  nitrate,  is  prevented  by  the  presence  of  the  sodium 
imidosulphonate,  as  this  salt  forms  its  basic  mercury  derivative  by 
liberating  half  the  nitric  acid  of  the  nitrate  that  it  decomposes,  and 
this  acid  is  more  than  enough  to  keep  any  remaining  nitrate  from 
passing  into  oxynitrate ;  consequently,  the  washed  precipitate  is 
always  free  from  nitrate.  It  may  be  washed  sufficiently  with  water, 
which  only  very  slightly  acts  on  it,  and  may  then  be  dried,  either  on 
paper  or  better  on  a  tile. 

On  attempting  to  form  a  third  and  intermediate  mercury  sodium 
salt,  which  was  to  have  the  formula  OrHgN'(S03Na)2]2,  analogous  to 
the  oxynitrate,  0(HgN03)2,  we  got,  instead,  only  the  two  other  salts, 
one  in  solution,  the  other  as  a  precipitate.  The  oxy mercuric  sodium 
salt  was  thus' obtained  from  a  solution  which,  from  first  to  last,  was 
never  acid,  even  the  mother  liquor  being  still  faintly  alkaline.  The 
sulphonate  and  nitrate  were  used  in  the  proportion 

2NaN(S03Na)2  :  Hg(]Sr03)2; 
the  nitrate  was  added  gradually,  with  stirring,  to  the  dilute  solution  of 
the  sulphonate,  and  simultaneously  a  solution  of  sodium  hydroxide  was 
run  in,  in  the  proportion  of  nearly  five-sixths  of  a  molecular  quantity. 
In  this  way  much  yellow  mercuric  oxide  was  formed,  along  with  the 
white  precipitate,  but  by  prolonged  stirring,  the  precipitate  lost  all 
tinge  of  yellow.  The  mother  liquor  now  contained  much  disodium 
mercury  imidosulphonate,  and  the  precipitate,  washed  and  drained 
on  a  tile,  proved  to  be  pure  oxymercuric  sodium  imidosulphonate 
(analysis  d).  Allowing  for  sodium  hydroxide  used  in  neutralising 
the  free  nitric  acid  present  in  the  mercury  nitrate  solution,  the  re- 
action appears  to  be  that  expressed  by  the  equation 

6NaN(S03Na)2  +  eHgrNOa)^  +  4NaOH  =  2EgN,(S0^N&), 

-H  Hg(OHgS08)aNHgN(S03Na),  +  12NaN0,  +  2H,0. 
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Oxjmercuric  sodintn.  imidosulphonafce  contains  water  of  crystallisa- 
tion, and  appears  to  be  slightly  efflorescent ;  otherwise,  it  is  permanent 
for  a  long  time,  whether  wet  or  dry,  though  ultimately  it  decomposes 
and  becomes  yellowish-brown.  Protracted  washing  with  water  de- 
composes it,  as  does  also  digestion  with  concentrated  mercuric  nitrate 
solution,  a  residue  of  the  hydrogen  oxymercuric  salt  being  left  in 
both  cases  (p.  978).  It  is  very  stable  if  but  moderately  heated, 
losing  nearly  the  whole  of  its  water  of  crystallisation. 

At  about  135°  it  permanently  changes  colour  slightly,  and  at  a 
much  higher  temperature  melts  to  a  dark,  red-brown  liquid  and 
effervesces,  decomposing  in  a  way  essentially  the  same  as  that  of  the 
normal  mercury  sodium  salt.  Even  very  gradual  heating  in  a  current 
of  dried  air,  at  a  temperature  of  170°,  fails  to  expel  more  than  four- 
fifths  of  the  water,  in  consequence,  no  doubt,  of  hydrolysis. 

It  is  much  more  readily  dissolved  by  hydrochloric  acid  than  by 
nitric  or  sulphuric  acid.  From  its  hydrochloric  acid  solution  it 
cannot  be  recovered  by  neutralisation,  being  almost  instantly  decom- 
posed, like  the  normal  mercuric  sodium  salt.  It  is  converted  by 
sodium  hydroxide  into  insoluble  mercuric  oxide,  and  mercuric  di- 
sodium  imidosulphonate,  which  remains  dissolved.  Its  basic  com- 
position is  at  onbe  demonstrated  by  the  action  on  it  of  sodium 
chloride,  which  leaves  insoluble  mercuric  oxide,  and  dissolves  the 
rest,  probably,  as  the  two  salts,  mercuric  sodium  imidosulphonate, 
and  mercuric  sodium  chloride.  Trisodium  imidosulphonate  dissolves 
it,  but  not  to  a  large  extent.  If  the  solution  of  this  salt  is  concen- 
trated, a  little  mercuric  oxide  may  separate,  but  the  addition  of  water 
causes  this  gradually  to  dissolve.  When,  however,  the  trisodium  salt 
is  added  to  the  oxymercuric  sodium  salt,  still  in  its  mother  liquor, 
free  dissolution  at  once  occurs  ;  but  without  the  mother  liquor,  the 
reaction  is  as  above  stated. 

The  composition  of  the  salt  may  be  expressed,  as  shown  by  the 
following  analytical  results,  by  the  formula  OHg2N'(S03)2N'a,(OH2)a, 
which  has,  however,  to  be  doubled  to  represent  its  constitution.  The 
water  comes  out  low,  partly  because  of  loss  by  efflorescence,  but 
mainly  by  getting  fixed  through  hydrolysis. 

Calculated.        (a.)  {a.)  (b.)  (c.)         (d.) 

Mercury 61-63  6218  61'22  61-56  —  61-73 

Sodium 3-54           3-87  4-14  3-97  3*57       3*56 

Sulphur 9-86  10-23  10-06  1003  —        9-79 

Nitrogen 2-16           —  2-27  2-24  —         — 

Water 5-55           —  4-44       —  4-88       4*58 

The  preparation,  a,  was  precipitated  from  3  mols.  of  mercuric 
nitrate  by  2  mols.  of  imidosulphonate,  whilst  b  was  got  by  adding 
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sodium  hydroxide  to  the  decanted  mother  liquor  of  a.  The  prepara- 
tion, c,  was  precipitated  from  2  mols.  of  nitrate  by  1  mol.  of  imido- 
sulpbonate,  and  d  was  formed  with  a  non-acid  mother  liquor.  All 
preparations,  as  well  as  their  mother  liquors,  were  free  from 
sulphate. 

The  formation  of  oxymercuric  sodium  imidosulphonate  is  ex- 
pressed by  the  equation 

4Hg(N03)2  +  2N'aN(S03T^a)3  +  2H2O  = 

Hg(OHgS03)2NHgN(S03m-)2  +  4NaN03  +  4HNO3. 

This  reaction  is  noticeable  for  being  one  in  which  the  sodium  iu 
the  precipitate  is  not  removed  by  the  nitric  acid  ;  but,  if  imidosulph- 
onic  acid  be  regarded  as  a  weaker  acid  than  nitric  acid,  the  pre- 
cipitation of  potassium  nitrate  by  tartaric  acid  or  perchloric  acid 
is  quite  as  remarkable,  whilst  if,  as  is  most  probable,  it  is  like  sulph- 
uric acid,  then  the  retention  of  the  sodium  is  only  natural.  It  is 
hardly  noticeable  for  the  precipitation  of  a  basic  salt  with  production 
of  nitric  acid,  since  similar  reactions  are  common  with  oxygenous 
mercuric  salts. 

In  its  constitution,  as  regards  the  oxylic  mercury,  oxymercuric 
sodium  imidosulphonate  resembles  oxymercuric  sulphate  and  oxy- 
mercuric sulphite,  as  represented  in  the  following  formulae  (Trans., 
1886,  49,  553)  :— 

Imidosulphonate. .      (NaO.S02)o:]S''Hg'N:(SOo-0-Hg'0)2:Hg. 

Sulphate Hg:(0-Hg-0-S02-0-Hg-0)2:Hg. 

Sulphite   Hg:(S02-0-Hg-0)2:Hg. 

Constitution  of  the  Mercury  Imidosulphonates. 

From  the  widely  established  character  of  the  relation  between 
mercury  and  the  nitrogen  of  ammonia  and  cyanogen,  aud  from  that 
of  the  mercury  in  its  oxygenous  salts,  particularly  those  of  salphuryl, 
such  as  sulphites  and  sulphates,  the  relations  of  mercury  in  its  imido- 
sulphonates  become  of  much  interest,  as  likely  to  differ  from  those  of 
other  basylous  elements. 

Firstly,  as  to  the  mercury  disodiura  and  mercury  dipotassium 
imidosulphonates,  no  hesitation  will  be  felt  in  accepting  for  these 
salts — say  that  of  sodium — the  formula  HgN2(S03Na)4  (Berglund). 
Yet  this  point  is  not  so  simple  as  it  seems.  Calcium  forms  the 
salt,  CaNaN(S03)2;  silver  forms  the  salt,  Ag2NaN( 803)2 ;  and 
mercury  itself,  the  salts,  OHg2NaN(S03)2  and  02Hg3HN(S03)3.  All 
these  salts  have  only  one-third  of  the  bases  either  as  sodium  or 
hydrogen,  and  it  will  be  well,  therefore,  to  briefly  review  the  reasona 
for  writing  HgN2(S03Na)4. 

YOL.  LXI.  3  % 
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Disodinm  hydrogeii  imidosulplionate  is  a  salt  neutral,  or  only 
slightly  acid  to,  litmus,  althouscVi  active  as  an  acid,  and,  therefore,  it 
cannot  contain  the  group,  SO3H,  since  this  always  gives  to  its  com- 
pounds acidity  and  a  strono"  action  on  blue  litmus.  It  must,  there- 
fore, be  written  HN'(S03N'a)2.  Mercury  readily  takes  the  place  of 
the  hydrogen  of  this  salt,  or  of  1  atom  of  the  sodium  of  the  alkaline 
trisodium  imidosulphonate,  and  the  resulting  mercury  disodinm  salt 
is  neutral  in  reaction.  Transposition  of  the  metals  cannot  be  admitted 
to  take  place  in  its  formation  for  two  reasons.  One  is,  that  the 
alkaline  reaction  of  the  trisodium  salt  disappears  when  it  becomes  the 
mercury  sodium  salt,  and  there  is  no  accounting  for  this  if  the  mer- 
cury displaces  the  sulphonic  sodium.  The  other  reason  is,  that  if  the 
mercury  takes  the  sulphonic  relation  in  the  salt,  this  salt  would  be 
an  exception  to  the  observation  that  all  the  oxylic  mercuric  salts 
capable  of  existing  in  presence  of  water  are  insoluble  basic  or  oxy- 
salts. 

This  theory  of  the  constitution  of  the  normal  mercury  double 
sulphonates  accords  with  the  interesting  behaviour  of  these  salts 
towards  acids  and  alkalis.  The  latter  only  partially  precipitate 
mercuric  oxide  from  them,  because  the  mercury  is  in  immediate 
relation  with  (unoxidised)  nitrogen.  Nitric  acid,  which  can  replace 
the  mercury  bv  hydrogen,  cannot  do  the  same  with  the  potassium  or 
sodium,  because  this  is  in  oxylic  relation  to  sulphurvl,  as  it  is  in 
sulphates,  and  is,  therefore,  irremovable  by  this  acid.  Sulphuric  acid 
also  first  replaces  the  mercury  by  hydrogen,  when  acting  on  the 
mercury  potassium  salt,  although  from  the  mercury  barium  salt  it 
first  takes  the  barium  away. 

Berglund  would  have  chemists  regard  mercury  imidosulphonates 
as  salts  of  an  independent  acid,  in  which  mercury  is  combined  with 
special  force.  A  fuller  knowledge  of  the  imidosulphonates  does  not 
tend  to  support  this  view.  There  are  other  series  of  double  imido- 
sulphonates besides  that  of  mercury,  apparently  the  only  one 
observed  by  him ;  normal  mercury  hydrogen  imidosulphonate  has 
even  less  stability  than  imidosulphonic  acid  itself ;  oxymercuric 
hydrogen  imidosulphonate  is  far  more  stable;  dipotassium  and  di- 
sodinm hydrogen  imidosulphonates  have  equal  or  greater  claims  to  be 
treated  as  particular  acids  ;  lastly,  it  is  highly  probable  that,  power- 
fully as  mercury  takes  the  place  of  hydrogen  in  ammonia  itself,  it 
will  have  little  of  that  power  when  two-thirds  of  that  hydrogen  have 
already  been  replaced  by  sulphonic  radicles. 

The  constitution  of  the  salt  in  which  two-thirds  of  the  base  of  the 
trisodium  salt  are  replaced  by  mercury  next  requires  attention.  It 
might  be  treated  as  having  the  single  atom  of  sodium  in  the  odd 
basylous  position,  that  is,  united  to  the  nitrogen ;  but  against  this 
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four  objections  present  themselves.  One  is  that  it  is  ti^lily  improb- 
able that  the  sodium  should  hold  the  imidic  relation  rather  than  the 
sulphonic.  A  second  is  that  it  is  quite  as  unlikely  that  a  mercury 
atom  should  be  united  half  to  nitroo^en  and  half  to  oxygen,  whilst  it 
is  usual  to  find  it  thus  united  at  once  to  oxygen  and  to  an  oxyg-enous 
radicle.  A  third  objection  is,  that  whereas  in  other  cases  sulphury! 
takes  1|  atoms  of  mercuric  oxide  to  saturate  either  of  its  valencies, 
it  does  not  do  so  in  this  salt  unless  the  sodium  is  given  to  one  of  the 
sulphnryls  of  the  salt.  The  fourth  objection  lies  in  the  a-reat  im- 
probability that  sodium  in  the  imidic  relation  would  resist,  as  it 
here  does,  displacement  by  hydrogen  on  treating  the  salt  with  nitric 
acid.  Avoiding  these  four  difficulties  by  placing  one-fourth  of  the 
mercury  with  the  nitroscen,  there  remains  the  usual  l^  atoms  to 
unite  with  half  one  of  the  sulphuryls.  The  relations  of  the  salt,  and 
its  constitution  as  here  developed,  require  that  its  formula  should  be 
double  that  expressed  in  the  lowest  terms,  in  order  to  allow  of  the 
oxylic  mercury  beinor  shown  apart  from  the  non-oxylic 

HgXO-Hg-O-SOOaiN'-Hg-lSrCSOaMa)^. 

It  now  becomes  clear  that  the  sodium  resists  the  action  of  ni^^^ic 
acid,  because  it  is  in  oxylic  relation  to  sulphurvl,  as  pointed  out  in 
discussing  the  constitution  of  the  normal  mercury  disodium  salt ; 
that  nitric  acid  removes  a  fourth  of  the  mercury,  replacinsf  it  by 
hvdrogen,  because  this  fourth  part  is  in  relation  to  the  nitrogen; 
that  nitric  acid  does  not  remove  the  rest  of  the  mercury,  because  this 
exists  as  the  oxymercuric  srroup  found  in  sulphate  and  sulphite,  in 
oxylic  relation  to  sulphuryl.  also  resisting  the  action  of  nitric  acid  ; 
and.  lastly,  it  becomes  clear  how  it  is  that  the  oxymercuric  hydroaren 
imodosulphonate  has  quite  consistently  a  constitution  different  from 
that  of  the  oxymercuric  sodium  salt,  and  how  the  one  salt  is  formed 
from  the  other  (compare  Divers  and  Shimidzu,  **  On  Mercury 
Sulphites,"  Trans.,  1886,  49,  574). 

In  fact,  the  constitution  of  the  oxymercuric  hydrosren  imidosulph- 
onate  follows  obviously  from  the  production  of  the  salt  by  (acid) 
mercury  nitrate  in  excess.  From  what  we  actually  can  observe  in 
the  case  of  the  normal  mercury  dipotassium  salt,  we  know  that  nitric 
acid  of  itself  should  act  as  represented  by  this  equation  : — 

Hg(0Hg-0-S02\NH£rT^(S,0T^a),  4-  2HN0,  = 

Hg(OHg-0-S02)2NH  -h  HNCSOaNa),  +  Hg(NO02, 

replacing  the  imidic  mercury  by  hydrogen,  but  not  touching  the 
oxymercuric  group  in  conformity  with  its  inability  in  other  cases 
(sulphites  and  sulphates)  to  do  so  when  the  group  is  joined  to 
sulphuryl.      In  the  absence  of    mercuric   nitrate,   this   reaction   is 
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slowly  followed  by  hydrolysis  of  the  disodium  hydrogen  salt  through 
the  uiiadvoidable  excess  of  nitric  acid,  but  in  presence  of  mercuric 
nifrate  hydrolysis  does  not  take  place.  The  mercuric  nitrate  finishes 
the  formation,  just  formulated,  of  the  oxymercuric  hydrogen  salt,  in 
the  way  shown  by  the  equation 

HN(S03m)o  +  3Hg(N03).>  +  2H2O  =  HX(SO./0-HgO)2Hg 

+  2NaN03  +  4HNO3, 

from  which  equation  it  will  also  be  sufficiently  clear  how  the  whole 
change  can  be  effected  by  mercuric  nitrate  without  any  addition  of 
nitric  acid. 

From  the  constitution  given  to  this  salt,  it  is  at  once  evident  why 
it  can  be  left  for  days  in  a  nitric  acid  solution  of  mercuric  nitrate 
without  becoming  hydrolysed  ;  for  hydrolysis  can  only  occur  when 
some  of  the  sulphonic  group  becomes  acid^  or  SO3H,  and  here  the 
nitric  acid,  especially  in  presence  of  much  mercuric  nitrate,  is  power- 
less to  displace  the  oxymercuric  group  by  hydrogen. 

There  remains  now  only  to  tabulate  the  three  mercuric  salts,  ihe 
constitution  of  which  has  been  discussed,  in  order  to  bring  out  their 
relations  quite  clearly,  and  particularly  the  intermediate  relation  of 
the  oxymercuric  sodium  salt : — 

Imidosulphonate.  Formula. 


Mercuric  disodium  .....       Hg<[ 


N(S03N'a)2 
N(S03Na)2 


Oxymercuric  sodium. . . .       Hg<^^^gQj"jjy.2Q^^^^^ 
Oxymercuric  hydrogen. .       HN'(S03*Hg*0)2Hg. 

Addendum. 

Oxyarnidosulphonates. — In  our  last  paper  sent  to  the  Society,  which 
appeared  in  the  Journal  so  far  back  as  1889,  we  had  to  call  attention 
to  the  discrepancy  between  some  of  the  results  of  the  work  on  sulph- 
azotised  salts  done  by  others  and  by  ourselves.  We  are  glad  to  be 
able  now  to  bring  in  support  of  the  accuracy  of  certain  of  our  own 
statements,  the  testimony  of  Dr.  Raschig,  who  wrote,  soon  after  the 
appearance  of  the  paper  on  oxyamidosuljohonates,  to  request  us,  when 
next  publishing,  to  make  known  that  he  now  entirely  agrees  with 
our  account  of  the  decomposition  of  oxyamidosulphonates  by  caustic 
alkali  (Trans.,  1889,  55,  765),  and  withdraws  his  own  statement 
concerning  it,  which  was  based  upon  qualitative  reactions  only. 
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LXXXIII. — Modification  of  Becl-mann^s  Boiling  Point  Method  of  Deter- 
mining  Molecular  Weights  of  Substances  in  Solution. 

By  Joji  Sakueai,  Professor  of  Chemistry,  The  Science  College, 
Imperial  University,  Japan. 

Recent  investigations  in  Physical  Chemistry  have  greatly  extended  our 
means  of  determining  the  molecular  weights  of  substances.  Besides 
the  ordinary  method  which  depends  on  the  determination  of  the 
relative  density  of  a  substance  in  the  gaseous  state — the  so-called 
"  vapour  density  "  method — we  have  now,  thanks  to  the  labours  of 
Raoult  and  others,  various  means  of  ascertaining  molecular  weights 
of  substances  in  solution.  Diminution  of  vapour  tension,  lowering  of 
the  freezing  point  or  rise  of  the  boiling  point  of  a  solvent,  are  the 
changes  which  accompany  the  dissolution  of  a  solid  in  it,  and  each 
of  these  changes  supplies  us  with  a  means  of  determining  the  mole- 
cular weight  of  the  dissolved  substance.  These  are  mutually  con- 
nected together  by  theoretical  considerations,  but  for  purposes  of 
determining  molecular  weights,  the  method  depending  on  the 
change  in  the  boiling  point  far  surpasses  the  others,  both  on  account 
of  the  simplicity  of  the  manipulation  and  of  the  greater  accuracy  in 
the  results  obtained.  We  are  indebted  to  Beckmann  (Zeit.  physikaL 
Chem,.,  3,  603  [1889]  ;  4,  532  [1889]  ;  5,  76  [1890];  6,  437  [1890]  ; 
8,  223  [1891])  for  this  method  ;  but,  in  spite  of  his  indefatigable 
labours,  there  are  some  points  in  the  practical  carrying  out  of  his 
method,  which  are  capable  of  improvement  and  simplification.  The 
object  of  the  present  paper  is  to  describe  a  modification,  which  renders 
it  available  in  every  laboratory,  and,  at  the  same  time,  capable  of 
yielding  results  which  are  even  more  concordant  than  those  obtained 
by  Beckmann  himself. 

It  may,  however,  not  be  out  of  place  to  first  briefly  refer  to  the 
principle  which  underlies  this  method.  From  a  study  of  the  lowering 
of  vapour  pressure  of  various  solvents  produced  by  the  substances 
dissolved  in  them,  Raoult  was  ultimately  led  to  formulate  the  law 
that  "  The  relative  lowering  of  vapour  pressure  is  proportional  to 
the  ratio  of  the  number  of  molecules  of  the  dissolved  substance  to 
the  total  number  of  molecules  in  the  solution."  Or  expressed  in  a 
formula — 


P  -  V    - 


c  X 


p  N  +  n' 

where  p  and  p'  are  the  vapour  pressures  of  the  solvent  and  of  the 
solution,  and  N  and  n,  the  number  of  molecules  of  the  solvent  and  of 
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the  dissolved  substauee  respectively.  The  constant  c  may  be  taken 
as  equal  to  unity.  If,  then,  G  and  g  be  the  weights  taken,  and  M  and 
m  the  molecular  weights,  of  the  solvent  and  of  the  dissolved  sub- 
stance, all  expressed  in  grams,  we  have — 


J9  -p 


M         m 

or  m  =  M .  -?-  .  — ■^— , . 
G     p  —  Jp 

Hence,  if  M,  G,  and  g  are  known,  the  molecular  weight  of  the  dis- 
solved substance,  m,  is  given  by  determining  p  and  p',  the  vapour 
pressures  of  the  solvent  and  of  the  solution. 

Now,  the  diminution  of  vapour  pressure  is  proportional,  on  the  one 
hand,  to  the  lowering  of  the  freezing  point  and,  on  the  other,  to  the  rise 
of  the  boiling  point.  The  former  relation,  which  was  established  by 
Raoult  in  a  purely  empirical  way  {Gompt.  rend.,  87  [1878]  ;  103 
[1886]  ;  104  [1887]  ;  105  [1887]  ;  107  [1888]  ;  {Ann.  Chim.  Phys. 
[6],  15  [1888]),  had  already  been  deducedhj  Gnldherg  (Compt.  rend., 
70  [1870])  from  the  mechanical  theory^of  heat.  Moreover,  Yan't 
Hoff  {Zeit.  physical.  Chem.,  1887,  1,  494)  theoretically  deduced  the 
laws  of  the  lowering  of  the  freezing  points  of  solutions  from  the 
relation  which  exists  between  vapour  pressure  and  osmotic  pressure. 

The  determination  of  the  other  relation,  the  rise  of  the  boiling 
point,  also  affords  us  a  means  of  ascertaining  the  molecular  weight 
of  the  dissolved  substance,  inasmuch  as  it  is  possible  to  determine 
the  temperatures  at  which  the  solvent  and  the  solution  exhibit  equal 
vapour  pressures,  instead  of  ascertaining  their  vapour  pressures  at 
the  same  temperature.  This  method  was  first  practically  carried  out 
by  Beckinann  (loc.  cit.). 

The  calculation  of  the  molecular  weight  is  made  by  taking  into 
consideration  the  proportionality  which  exists  between  the  difference 
of  pressure  and  the  difference  of  temperature.  Now,  since  the  solu- 
tions subjected  to  examinations  are  all  very  dilute,  the  equation 

p  —  p    n 

p  N  +  w 

may  assume  the  following  form  without  causing  any  material  differ- 
ence in  the  results  : — 

p  —  p    _    n 

~~^  N* 

The  difference  of  temperature  produced  in  the  boiling  point  by  the 
dissolution  of  the  substance  in  the  proportion  of  1  gram-molecule  to 
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1  gram-molecule  of  the  solvent,  and  whicli  corresponds  to  the  above 
press  are-difference,  is  called  the  molecular  elevation  of  boiling  point. 

This  constant  is  obtained  experimentally  by  determining  the  rise 
of  boiling  point  of  a  solvent,  following  the  dissolution  of  a  known 
weight  of  a  substance  of  known  molecular  weight  in  a  known  quan- 
tity of  the  solvent.  Thus,  for  example,  Beckmann  (Zeit.  physikal. 
Ghem.y  1889,  3,  603),  found  that  4.''740  grams  of  ethyl  benzoate 
dissolved  in  100  grams  of  ether  raised  the  boiling  point  of  the  latter 
by  0'665°.  The  weight  of  ethyl  benzoate  dissolved  in  1  gram-mole- 
cule of  ether  (74  grams)  is,  therefore,  — =  3*5076  grams. 

The  rise  of  boiling  point  corresponding  to  the  dissolution  of  1  gram- 
molecule  of  ethyl  benzoate  (150  grams)  in  1  gram-molecule  of  ether 
would  then  be — 

0-665  X  150 


3-5076 


=  28-4. 


Experiments  with  other  substances  give  nearly  the  same  value  for 
the  molecular  elevation  of  the  boiling  point  of  ether.  The  molecular 
w^eight  of  any  dissolved  substance  is  then  obtained  from  the  equa- 
tion 

m  =  B  X  gr/A, 

where,  in  the  case  of  ether,  B  =  28*4,  g  =  weight  of  the  substance 
dissolved  in  74  grams  of  ether,  and  A  =  the  observed  rise  of  boiling 
point. 

In  practice,  it  is  more  convenient  to  refer  the  constant  B  to 
100  grams,  instead  of  to  the  molecular  weight,  of  the  solvent ;  the 
calculation  is  thus  very  much  simplified.  The  formula  then 
becomes — 

m  =  B'  X  g'l^y 

where,  in  case  of  ether,  B'  =  284  X  74/100  =  21*0,  and  g'  =  weight 
of  the  sabstance  dissolved  in  100  grams  of  the  solvent.  As  the  mean  of 
several  determinations,  Beckmann  {loc.  cit.)  obtained  the  number  20*9 
for  the  value  of  B'. 

The  constant  B  or  B'  may,  moreover,  be  accurately  calculated 
in  the  following  manner  from  the  latent  heat  of  vaporisation  and  the 
boiling  point  of  the  solvent,  as  has  been  pointed  out  by  Arrhenius 
{Zeit.  physikal.  Ghem.y  1889,  4,  550). 

Suppose  we  have  a  solvent  of  molecular  weight  M,  and  of  boiling 
point  T  (in  absolute  temperature)  at  pressure  p.  By  dissolution  of 
n  gram-molecules  in  100  grams  of  the  solvent,  the  boiling  point  rises 
to  T  -f  dT.  The  relation  between  this  rise,  dT,  and  the  dissolved 
mass,  w,  may  be  calculated  thus: — 


:p 

N 

+  n 

> 

(p  +  dp)  - 

-P  - 

n 

2)  +  dp 

N 

+  »' 

dp 

n 
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The  solution  boils  under  pressure  p  at  the  temperature  T  +  dT. 
The  vapour  pressure  of  the  solvent  at  T  is  equal  to  p ;  it  is  equal  t© 
p  +  dp  at  the  temperature  T  +  dT.  Between  ^^T  and  dp  the  following 
relation  exists,  according  to  the  second  law  of  thermodynamics,  as 
already  shown  by  Van't  Hoff  (Zeit.  physikal.  Chern.,  1887,  1,  494)  : — 

^P  -dT      '^ 

wbere  w  =■  latent  heat  of   vaporisation  of   a  gram-molecule  of  the 
s/^lvent  at  temperature  T. 

Now,  according  to  Raoult's  law,  the  relation  between  the  diminu- 
tion of  vapour  pressure  and  the  number  of  molecules  of  the  solvent 
and  of  the  dissolved  substance  is  expressed  by — 


or 


or 

p  +  dp         N  -f  w 

But,  as  the  solution  is  very  dilute,  dp  is  very  small  compared  to  jo, 
and  n  very  small  compared  to  N.  The  last  equation  may,  therefore, 
be  written  as 

dpjp  =  n/N", 

or,  as  100  grams  of  the  solvent  is  employed  and  M  =  its  molecular 
weight,  we  have — 

dpip  =  Ti.M/lOO. 

Equating  this  value  of  dpjp  with  that  already  obtained,  we  have — 

n.M  _   w  .  dT 

100  2T^    • 

In  this  equation,  to  being  the  latent  heat  of  vaporisation  of  a  gram- 
molecule  of  the  solvent  (M  grams)  in  gram-calories,  it  follows  that 
lofM.  ^  latent  heat  of  vaporisation  of  1  gram  of  the  solvent.  Calling 
this  W,  we  have — 

n/K  _  M.W.^T 
100  2T^       ' 

or  JT  =  n  X  002TVW. 

If  s  =  weight  of  the  substance  dissolved  in  100  grams  of  the 
solvent,  and  ni  ~  molecular  weight  of  the  dissolved  substance,  then 
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n  =  sIm.     Substituting  this  value  of  n  in  the  above  equation,  and 
solving  for  tti,  we  have — - 

0-02T2       s 

In  this  equation,  s  and  dT  have  the  same  meaning  as  g'  and  A 
respectively  in  one  of  the  preceding  operations  (p.  991)  ;  and  the 
constant,  002T'^/W,  for  ether  is  found  to  be  equal  to 

0-02  X  (273  +  34-97)'  _  oi  a 

wi '^^■^' 

the  value  which  we  already  obtained  for  B'  in  the  same  equation. 

Now,  turning  to  the  practical  side  of  the  question,  the  great  and 
the  only  difficulty  which  lies  in  the  way  is  the  exact  determination  of 
the  boiling  points,  as  has  already  been  pointed  out  by  Beckmanu. 
Irregular  boiling  and  bumping,  attended  with  sudden  alterations  in 
the  temperature  of  a  boiling  liquid,  are  phenomena  which  are  too  well 
known  to  be  mentioned.  Even  when  the  liquid  seems  to  be  regularly 
boiling,  there  are  still  constant  changes  in  the  temperature  of  the 
liquid,  as  may  be  readily  observed  by  the  use  of  a  delicate  ther- 
mometer. Various  means  have  been  tried  to  overcome  these  diffi- 
culties. Bits  of  metallic  wire  or  foil,  of  broken  glass,  &c.,  are  almost 
useless.  Raoult  tried  coating  the  thermometer  bulb  with  a  layer  of 
])alladium  recently  charged  with  hydrogen  gas,  but  it  did  not  lead  to 
the  desired  result,  as  the  evolution  of  hydrogen  gas  soon  slackened, 
and  in  about  20  minutes  stopped  altogether. 

Beckmann  has  succeeded  in  greatly  overcoming  the  difficulties.  He 
uses  a  piece  of  stout  platinum  wire  which  is  fixed  in  the  bottom  of 
the  boiling  vessel  by  means  of  fusible  glass.  On  account  of  the 
superior  thermal  conductivity  of  the  metal,  the  boiling  is  said  to  take 
place  exclusively  from  the  piece  of  platinum,  and  bumping  is  avoided 
entirely.  I  regret  to  say  that  I  have  not  yet  had  any  experience  in 
the  use  of  Beckmann's  apparatus.  In  fact,  we  ordered  one  from 
Germany,  but  on  my  first  attempt  to  make  trial  of  it,  the  boiling 
vessel  was  found  to  be  cracked  at  the  point  of  insertion  of  the 
platinum.  This  was  merely  an  accident,  but  it  is  an  accident  which 
may  not  unfrequently  occur.  A  small  portion  of  the  bottom  of  the 
boiling  vessel  is  thickened  by  the  fusible  glass,  and  it  is  not  surprising 
that  the  bottom  should  be  cracked  by  the  slightest  carelessness  in 
heating. 

The  means  which  I  adopt  in  producing  a  constant  temperature  in 
the  boilitig  liquid  has  already  been  described  in  my  paper  on  "  The 
Determination  of  the  Temperature  of  Steam  arising  from  Boiling 
Salt  Solutions  "  (this  vol.,  p.  495),  and  consists  in  i)assing  a  current 
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of  the  vapour  of  the  solvent  into  the  boiling-  liquid  or  solution,  the 
amount  of  the  vapour  thus  passed  in  from  without  being  regulated 
by  the  height  of  the  lamp.  The  degree  of  constancy  of  the  tempera- 
ture attained  in  this  manner  by  the  boiling  liquid  is  really  astonishing, 
a  most  delicate  thermometer,  capable  of  showing  1/lOOOth  of  a  degree, 
remaining  almost  stationary. 

Description  of  Apparatus. — Instead  of  the  three-necked  flask  with  a 
piece  of  platinum  wire  fixed  into  the  bottom,  and  with  a  complex 
condensing  arrangement,  used  by  Beckmann,  I  employ  for  the 
hoiling  vessel  an  ordinary  \J  -tube  A,  about  2  cm.  in  internal  diameter, 
and  21  cm.  in  height.  Near  the  top  of  one  of  the  limbs  of  this 
U  -tube  a  hole  is  blown  out  by  means  of  the  blowpipe,  which  serves 
for  joining  on,  with  a  piece  of  india-rubber  tubing,  a  small  side  tube, 
having  a  glass  stop-cock  s.  The  side-tube  is,  in  its  turn,  connected 
with  an  ordinary  Liebig's  condenser  C.     The  boiler  for  generating  the 


vapour  of  the  solvent  is  an  ordinary  round-bottomed  flask  B,  provided 
with  a  cork,  through  which  pass  the  stem  of  a  tap-funnel,  /,  and 
a  delivery  tube,  d.  The  latter  is  connected,  by  means  of  a  piece  of 
thick  india-rubber  tubing,  i,  with  a  tube,  e,  drawn  out  and  slightly 
bent  at  its  lower  end,  so  that  this  end  of  the  tube  may  just  reach  the 
bottom  of  the  boiling  vessel  when  the  cork,  through  which  it  passes 
above,  is  fixed  into  the  mouth  of  the  \J  -tube,  nearest  to  the  boiler. 
This  tube  e  thus  establishes  communication  between  the  boiler  and 
the  boiling  vessel.  A  tin-plate  vessel,  pp^  with  a  hole  in  the  bottom, 
and  resting  upon  a  tripod,  serves  to  enclose  the  boiler,  and  to  protect 
it  from  draughts.  The  boiling  vessel  is,  on  the  other  hand,  enclosed 
by  a  box  made  of  thick  asbestos  cardboard,  qq^  with  a  movable 
bottom.  When  the  solvent  is  of  low  boiling  point,  such  as  carbon 
bisulphide  or  ether,  a  piece  of  plain  asbestos  cardboard  serves  as  the 
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bottom  of  the  box,  and  tlie  boiling  vessel  is  beated  by  indirect  flame, 
as  shown  in  the  figure.  In  the  case,  however,  of  less  volatile  solvents, 
such  as  water,  or  even  alcohol,  a  piece  of  asbestos  cardboard,  having 
a  hole  in  the  centre,  is  used  instead,  and  the  boiling  is  effected  by  the 
direct  application  of  a  flame. 

The  height  of  the  flame  both  under  the  boiler  and  the  boiling 
vessel  has  to  be  carefully  regulated  for  each  particular  solvent  ac- 
cording to  its  volatility ;  and,  in  order  to  avoid  the  effect  of  any 
alteration  in  the  gas  pressure,  owing  to  constant  openings  and 
shuttings  of  gas  taps  in  other  parts  of  the  laboratory,  the  following 
arrangement  is  adopted  and  is  found  to  answer  admirably.  The 
gas  tube  is  connected  with  three  Bunsen  burners  and,  fully  opening 
the  gas  tap,  the  burner  nearest  the  tap  is  lighted.  This  acts  as  a 
gas  regulator.  The  supply  of  gas  to  the  other  two  burners  is 
adjusted  by  means  of  screw-clips  k  and  Z;  and,  since  the  amount  of 
gas  supplied  to  the  regulator  burner  is  incomparatively  greater  than 
that  supplied  to  the  two  others,  no  effect  of  alterations  of  gas 
pressure  in  the  mains  can  be  perceived  in  the  latter.  This  circum- 
stance is  of  considerable  importance,  because  I  am  thereby  enabled 
to  use  the  bulb  of  the  thermometer  always  naked,  there  being  no 
necessity  to  envelop  it  with  asbestos  fibres,  as  when  working  with 
Beckmann's  apparatus. 

The  thermometer  which  I  use  includes  only  a  range  of  6°  C,  and 
is  graduated  into  1/lOOths  of  a  degree.  Each  of  these  divisions 
(about  04  mm.)  can  be  readily  estimated  to  1/lOth  by  means  of  a 
reading  telescope,  which  I  always  use,  so  that  the  thermometer  can 
indicate  1/1000  of  a  degree.  There  is  an  arrangement  in  the  instru- 
ment by  which  the  quantity  of  mercury  in  the  bulb  may  be  increased 
or  diminished,  so  that  it  can  be  used  either  for  low  or  high  tem- 
peratures.    This  instrument  has  already  been  described  by  Beckmann. 

The  whole  arrangement  is  exceedingly  simple,  and  can  be  set  up 
by  any  one  with  materials  commonly  found  in  all  laboratories. 
This,  I  venture  to  say,  is  a  great  advantage.  The  only  costly  part 
of  the  apparatus  is  the  thermometer,  but  for  good  and  accurate 
work  in  most  physico-chemical  inquiries,  a  delicate  thermometer  is 
indispensable  and,  after  all,  its  cost  is  not  disproportionate  to 
the  important  services  it  can  render. 

Mode  of  Working. — For  working  with  the  apparatus  described  above, 
I  begin  by  inserting  the  tube  e  into  one  limb  of  the  boiling  vessel, 
fixing  it  by  means  of  the  cork  c.  Small  glass  beads  are  then  in- 
troduced into  the  boiling  vessel  through  the  other  limb,  till  they  quite 
fill  the  bent  portion  of  the  latter.  (Beckmann  recommends  the  use 
of  small  garnets  or  glass  beads  for  preventing  local  differences  of 
temperature,    and  I    find  them  also   very  effective   for  thoroughly 
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mixing  the  vapour  passed  in  with  the  boiling  liquid  and  thus  estab- 
lishing a  perfect  utiiformity  of  temperature.)  The  experimental 
liquid  is  now  poured  in,  so  that  it  occupies  a  space  of  three  or  four 
centimetres  above  the  level  of  the  glass  beads  in  the  open  limb,  and 
the  latter  is  then  closed  by  the  cork  carrying  the  thermometer. 
The  lid  of  the  asbestos  box  is  next  slipped  down  the  two  limbs  of  the 
tube,  which  pass  through  two  holes  previously  made  in  it  in  proper 
positions,  and  the  boiling  vessel,  after  liaving  been  properly  enclosed 
in  the  asbestos  box  and  supported  on  the  ring  of  a  retort-stand,  is 
connected,  on  the  one  side,  with  the  boiler  and,  on  the  other,  with 
the  side-tube  and  condenser,  as  shown  in  the  figure. 

First  the  boiler,  half  filled  with  the  solvent,  and  then  the  boiling 
vessel  are  heated  by  carefully  regulated  lamps,  the  stop-cocks  r  and  s 
both  open ;  and,  when  the  liquid  in  both  vessels  begins  to  boil 
properly,  the  stop-cock  r  is  closed,  and  the  two  lamps  very  carefully 
regulated,  so  that  the  height  of  the  column  of  the  boiling  liquid  re- 
mains, as  nearly  as  can  be  judged,  level  with  the  lid  of  the  asbestos 
box  for,  at  least,  a  quarter  of  an  hour.  This  circumstance  is  used  as 
the  criterion  that  the  boiler  and  the  boiling  vessel  are  each  being 
heated  by  a  properly  adjusted  lamp,  so  that  evaporation  and  con- 
densation balance  each  other  in  the  boiling  vessel.  The  thermometer 
rises  rapidly  at  first,  but  more  slowly  afterwards,  attains  the 
maximum  temperature  in  10  or  12  minutes,  and  then  remains  per- 
fectly constant.  The  top  of  the  thermometer  is  now  lightly  tapped 
for  some  seconds,  and  the  observation  of  the  exact  temperature  made 
by  the  aid  of  a  reading  telescope.  Finally,  the  volume  of  the  dis- 
tillate collected  in  the  small  flask  F  is  noted  and,  after  withdrawing 
the  lamps,  the  stop-cock  r  is  opened  and  the  stop-cock  s  closed. 

I  make  it  a  rule  to  repeat  this  observation  of  the  exact  boiling 
point  of  the  solvent  once  or,  in  some  cases,  twice  more  in  order  to 
make  sure  of  the  temperature.  P^or  this  purpose,  the  distillate  is 
returned  to  the  boiler  and  the  whole  of  the  above  process  repeated 
under  exactly  the  same  conditions  as  before,  taking  the  final  observa- 
tion of  the  temperature  wheii  the  distillate  reaches  the  mark  pre- 
viously made  on  the  receiver  flask. 

The  next  step  is  to  introduce  the  substance  into  the  solvent.  This 
may  be  done  in  two  ways.  The  first  and  simplest  method,  which 
should  be  used  when  the  solvent  is  of  low  boiling  point,  consists  in 
taking  out  the  cork  which  carries  the  thermometer,  adding  the  solid 
substance  to  the  solvent,  and  then  immediately  replacing  the  cork  in 
its  original  position.  The  other  method,  which  is  employed  in  the 
case  of  solvents  of  high  boiling  point,  and  where,  therefore,  if  the 
first  method  were  adopted,  the  highly  heated  thermometer  would 
have  to  be  suddenly  exposed  to  the  cold  air,  is  as  follows :  After  the 
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exact  determination  of  the  boiling  point  of  the  solvent  has  been 
made,  the  boiler  is  a  little  cooled  without  opening  the  stop-cock  r, 
when  a  small  quantity  of  the  solvent  runs  up  the  tube  e  and  flows 
down  into  the  boiler.  The  stop-cock  r  is  now  opened  and  then,  dis- 
connecting the  delivery  tube  d  from  the  tube  e,  a  small  quantity  of  a 
concentrated  solution  of  the  substance,  made  beforehand,  is  intro- 
duced into  the  boiling  vessel  by  means  of  a  small  funnel  attached  to 
tbe  india-rubber  tubing  i.  After  removing  the  funnel,  communica- 
tion is  re-established  between  the  boiler  and  the  boiling  vessel. 

The  lamps,  which  have  been  put  aside  but  not  turned  out,  are  next 
brought  under  the  two  vessels  as  before,  and  the  boiling  point  of  the 
solution  determined  in  exactly  the  same  manner  and  under  exactly 
the  same  conditions  as  those  in  which  the  boiling  point  of  the  solvent 
was  determined,  collecting,  of  course,  the  same  quantity  of  the  distil- 
late. When  the  exact  temperature  has  been  ascertained,  the  lamps 
are  put  out,  the  stop-cock  r  opened,  the  stop-cock  s  closed,  and  the 
whole  apparatus  allowed  to  cool. 

After  the  solution  has  completely  cooled,  the  percentage  composi- 
tion is  determined,  by  transferring  some  of  the  solution  to  a  weighed, 
stoppered  bottle  by  means  of  a  pipette,  and,  after  aRcertainiT5g  the 
weight  of  the  solution  taken,  evaporating  it  at  a  gentle  heat  on  a 
water-bath,  and  weighing  the  fixed  residue.  In  the  case  of  iodine,  it 
is  determined  volumetrically  by  a  standard  solution  of  sodium  thio- 
sulphate. 

From  the  account  of  the  process  above  given,  it  will  be  seen  that 
it  differs  from  that  used  by  Beckmann  essentially  in  that,  whilst 
Beckmann  takes  a  weighed  quantity,  both  of  the  solvent  and  of  the 
solid  substance,  and  determines  the  boiling  points  in  an  apparatus 
provided  with  a  reflux  condenser,  and,  therefore,  requires  a  compli- 
cated arrangement,  the  method  here  described  requires  no  special 
apparatus,  as  it  determines  the  boiling  points  in  the  ordinary  manner, 
but  obviates  the  usual  difficulties  of  such  determinations,  and,  at  the 
same  time,  keeps  the  quantity  of  the  boiling  liquid  constant,  by 
passing  in  a  current  of  the  vapour  of  the  solvent  from  without.  An- 
other difference, -which,  I  venture  to  say,  is  also  an  improvement,  is 
that  the  boiling  point  of  the  solution  is  ascertained  just  before  .its  com- 
position is  determined,  and  the  connection  between  these  properties 
is,  therefore,  rendered  more  certain  than  in  the  case  of  Beckmann's 
method.  The  results  of  my  determinations  are  contained  in  the 
following  tables.(pp.  998—1001).  .  , 

In  conclusion,  a  word  may  be, said  with  regard  to  the  molecular 
weights  of  iodine  and  of  sulphur  in  solution.  Paterno  and  Nasini 
(Ber.,  1888,  21,  2153),  by  the  depression  of  the  freezing  point,  found 
that  the  molecular  weight  of  iodine  in  very  dilute  benzene  solutions 
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is  represented  by  L,  whilst  it  possesses  higher  vahies  in  more  concen- 
trated solutions.  They]  found  also  that  iodine  is  more  or  less  dis- 
sociated into  the  atomic  state  in  its  solution  in  glacial  acetic  acid. 
Loeb  (Zeit.  'physikal.  Chem.,  1888,  2,  60(5),  however,  could  not  verify 
these  conclusions  by  the  same  method,  and,  both  on  account  of  the 
small  solubility  of  iodine  in  either  benzene  or  glacial  acetic  acid,  and 
of  the  great  variations  in  the  results  according  to  concentration,  he 
ultimately  gave  up  these  experiments.  By  determining  the  vapour 
pressures  of  solutions  of  iodine  in  ether  and  in  carbon  bisulphide, 
Loeb  showed,  on  the  other  hand,  that  the  molecular  magnitude  of 
iodine  in  brown  ethereal  solutions  is  represented  by  I4,  whilst  in 
carbon  bisulphide  it  is  less  complex,  and  corresponds  to  the  formula 
I0.4.  Lastly,  Beckmann  (ibid.,  1890,  5,  76)  found,  by  the  aid  of  his 
boiling  method,  that  no  appreciable  difference  exists  in  the  molecular 
magnitude  of  iodine,  whether  dissolved  in  ether  or  in  carbon  bisulph- 
ide, and  that  it  corresponds  to  I2  in  both  of  the  solutions.  The 
numbers  he  obtained  varied  between  235  and  256  in  ethereal  solutions,, 
and  between  250  and  272  in  carbon  bisulphide  solutions  (I3  =  254). 
More  recently,  Hertz  (ibid.,  1890,  6,  358),  by  the  freezing  method, 
obtained  numbers  varying  between  255*5  and  276  for  the  molecular 
weight  of  iodine  in  its  dark  red  solution  in  naphthalene,  and  pointed 
out  that  the  red  colour  of  the  iodine  solution  is  not  due  to  the  exist- 
ence of  complex  molecules,  as  already  shown  b}^  Beckmann.  My 
own  determinations  also  fully  confirm  the  results  obtained  by  the^ 
latter. 

With  regard  to  the  molecular  weight  of  sulphur  in  carbon  bisulph- 
ide solution,  Beckmann,  by  the  boiling  method,  obtained  numbers 
varying  between  245  and  281,  and,  therefore,  pointing  to  the  exist- 
ence of  complex  sulphur  molecules  represented  by  Sg  =  256.  The 
formula  Se  had  generally  been  regarded  as  the  maximum  molecular 
formula  of  snlphur,  and  the  results  obtained  by  Beckmann,  therefore, 
needed  confirmation.  The  experiments  by  Hertz,  who  obtained 
numbers  varying  between  2623  and  2794  (loc.  cit.\  and,  still  more 
conclusively,  my  own  determinations,  put  Beckmann's  views  beyond 
any  doubt. 
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LXXXIY. — Anhydro-derivatives  of  Citric  and  Aconitic  Acids. 
By  T.  H.  Easterfield  and  W.  J.  Sell. 

Introduction. 

PiLZ  (JalireshericJtt,  1861,  368),  Perkin  (Annalen,  Suppl.,  5,  287), 
and  Anscliiitz  {Ber.,  14,  2791)  have  shown  that  by  the  long  continued 
action  of  acetyl  chloride  on  certain  hydroxy  bibasic  acids  of  the 
aliphatic  series  acetyl  anhydrides  may  be  obtained.  These  derivatives 
have  been  but  little  investigated,  though  it  can  scarcely  be  doubted 
that  they  are  likely  to  afford  interesting  derivatives.  Bearing  in 
mind  the  ease  with  which  the  ethereal  salts  of  citric  acid  are  con- 
verted into  pyridine  derivatives,  it  appeared  of  interest  to  attempt 
the  preparation  of  an  acetyl  anhydro-citric  acid  by  the  above  method ; 
it  was  found  that  it  could  be  readily  obtained  in  almost  quantitative 
yield,  and  our  expectations  as  to  its  chemical  activity  were  com- 
pletely realised.  Thus  it  combines  with  water  to  form  acetylcitric 
acid,  and  by  its  action  on  ammonia  forms  citrazinic  acid,  whilst  with 
aniline  it  yields  citrodianilic  acid.  Boiling  alcoholic  potash  elimi- 
nates acetic  acid,  and  a  very  satisfactory  yield  of  aconitic  acid  is 
obtained.  If  the  anhydride  is  distilled,  it  loses  carbon  dioxide  and 
acetic  acid,  and,  according  as  the  distillation  is  performed,  under 
ordinary  pressure  or  in  a  vacuum,  citraconic  or  ifcaconic  anhydride  is 
produced. 

The  preparation  of  the  hitherto  undescribed  anhydride  of  aconitic 
acid  was  undertaken  as  an  almost  necessary  supplement  to  the  above 
work.  Full  details  of  the  experimental  work  appear  in  the  following 
pages. 

Acetanhydrocitric  Acid. 

1  f  anhydrous  citric  acid  is  digested  upon  the  water-bath  for  a 
con  pie  of  hours  with  a  slight  excess  of  acetyl  chloride  (calculated  for 
4  mols.),  in  a  flask  provided  with  a  reflux  condenser,  complete  dissolu- 
tion takes  place,  and  the  contents  of  the  flask,  on  cooling,  set  to  a 
mass  of  crystals.  If  these  are  drained  by  the  aid  of  the  filter-pump, 
washed  with  a  small  quantity  of  acetyl  chloride,  and  dried  in  a  vacuum 
over  sulphuric  acid  and  solid  potash,  a  snow-white  substance  is 
obtained.    On  analysis  it  gave  numbers  which  agree  with  the  formula 

CgHgO;. 

I.  0*1692  gram  of  substance  gave  0*0574  gram  HjO  and  0*2744 
gram  CO2. 

4  A  2 
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II.  0-1360  gram  of  substance  gave  0-0455  gram  H^O  and  0-2210 

gram  CO2. 
III.  0-2045  gram  of  substance  gave  0-0682  gram  H2O  and  0-3340 
gram  CO2. 

Found. 

Calculated  for  , * ^ 

OsHgO-.  I.  II.  III. 

C 44-44  44-20        44-31         4454 

H 3-70  3-76  3-71  3-70 

The  three  analyses  were  performed  on  different  preparations ;  III 
had  been  recrystallised  from  ether. 

The  method  of  formation  and  reactions  of  the  new  compound  show 
it  to  be  acetanhydro citric  acid, 

CH^-CO^  CH2— CO 

C^HaO^-C— CO-^  or      C^HaO^-C-COOH^O, 

CHa-COOH  CH2— CO 

the  former  formula  being  the  more  probable.    If  boiled  with  excess  of 
dilute  potash,  the  substance  behaved  as  a  quadribasic  acid. 

0-3195    gram   neutralised   5*9   c.c.   normal    KOH;    calculated   = 
5-8  c.c. 

After  treatment  with  potash  and  careful  neutralisation  with  nitric 
acid,  a  silver  salt  was  precipitated ;  it  contained  63-49  per  cent,  of 
silver.     Silver  citrate  contains  63-15  per  cent. 

Acetanhydrocitric  acid  melts  sharply  at  115°  (uncorr.),  and  is 
sparingly  soluble  in  benzene,  but  very  readily  in  ether,  and  on 
allowing  the  ethereal  solution  to  evaporate  spontaneously,  it  is 
deposited  in  groups  of  short  prisms.  The  yield  is  very  satisfactory, 
153  grams  of  citric  acid  giving  149  grams  of  anhydride,  and  a  further 
quantity  can  be  obtained  from  the  mother  liquor. 

Action  of  Heat. 

Anschiitz  (loc.  cit.)  has  shown  that  acetomalic  anhydride  distils 
unchanged  in  a  vacuum,  but  that  under  ordinary  pressure  complete 
decomposition  into  acetic  acid  and  maleic  anhydride  takes  place. 
Acetoanhydrocitric  acid  might  similarly  be  expected  to  furnish,  acetic 
and  anhydroaconitic  acids.  As  a  matter  of  fact,  however,  we  were 
unable  to  prepare  the  last  named  compound  in  this  way,  though  it 
was  easily  obtained  by  the  action  of  acetyl  chloride  on  aconitic  acid 
(see  below). 

As  already  mentioned,  the  acetanhydrocitric  acid  melts  at  115°  to  a 
colourless  liquid,  at  150°  decomposition  takes  place  with  evolution  of 
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acetic  acid  and  carbon  dioxide,  whilst  at  200°  the  decomposition  is 
very  rapid  indeed,  but  ceases  after  a  time,  leaving  a  residue  con- 
sisting of  a  brown  oil.  This  distilled  uniformly  between  210°  and 
212°,  and  came  over  as  a  pale-yellow  liquid  having  the  characteristic 
odour  of  citraconic  anhydride.  A  small  quantity  was  warmed  with 
water,  and  the  solution  allowed  to  cool,  when  crystalline  plates  of 
citraconic  acid  were  deposited. 
Analysis  : — 

0099  gram  of  substance  gave  0-0395  gram  H2O  and  0-1665  gram 

CO2. 

Calculated  for 

C5H6O4.  Found. 

C 46-15  45-85 

H 4-61  4-43 

The  decomposition  had  evidently  taken  place  according  to  the 
equation 

CsHsOv  =  CO2  +  C2H4O2  +  C5H4O3. 

The  acetic  acid  produced  in  one  operation  was  collected  and 
weighed :  7*5  grams  of  the  anhydride  gave  2  grams  of  acetic  acid, 
boiling  at  110—120°.     Theoretical  yield  =  2-08  grams. 

Analysis  of  the  silver  salt  of  the  acid  gave  64*63  per  cent.  Ag, 
Calculated  =  64-67. 

The  yield  of  re-distilled  citraconic  anhydride  was  20  per  cent,  of 
the  theoretical. 

If  the  acid  is  distilled  in  a  vacuum  (30  mm.),  the  only  difference 
in  the  result  obtained  is  that  itaconic  anhydride  is  produced  instead 
of  citraconic  ;  the  itaconic  anhydride  was  recrystallised  from  chloro- 
form, and  showed  the  m.  p.  68 — 70°.     Upon  analysis  : — 

I.  0-1159  gram  of  substance  gave  0-2260  gram  COo  and  0-0372 

gram  HgO. 

II.  01378  gram  of  substance  gave  0-2633  gram  CO2  and  0-0430 

gram  H2O. 

Found. 


c 

H 

Calculated  for 
C5H4O3. 

53-57 

3-57 

iT" 

53-18 
3-56 

II. 

53-10 

3-47 

Acetocitric  Acid. 

This  is  easily  obtained  by  dissolving  the  anhydride  in  lukewarm 
water  and  evaporating  the  filtered  solution  in  a  vacuum  over  sulph- 
uric acid ;  a  colourless  syrup  remains  which  soon  deposits  the  acid  in 
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hard,  shining  crystals  ;  these  melted  at  138 — 140°,  were  very  soluble 
in  water,  and  gave  the  following  results  upon  analysis : — 

0*1713  gram  of  substance  gave  0*0661  gram  H2O  and  0*2564  gram 

CO2. 

Calculated  for 

CsHioOg.  Found. 

C  41-02  40-82 

H  .„ 4*27  4-29 

"We  were  unable  to  obtain  any  characteristic  salts  of  the  acid.  The 
silver  salt  blackened  rapidly,  even  when  precipitated  from  faintly 
acid  solutions. 

Action  of  Aniline  on  AcetanJiydrocitric  Acid. 

If  a  solution  of  the  acid  in  anhydrous  ether  is  added  drop  by  drop 
to  a  solution  of  aniline  (2J  mols.)  also  in  dry  ether,  an  amorphous, 
deliquescent  mass  separates  ;  this  may  possibly  be  regarded  as  an 
aniline  salt  of  acetocitranilic  acid.  The  crude  product,  when  dried  in 
a  vacuum  over  sulphuric  acid,  was  a  brittle,  pumice-like  mass,  and 
gave  the  following  numbers  on  analysis  : — 

Calculated  for 
C00H22N2O-.  Found. 

C 59*7  59*2 

H 5*2  5*7 

-N 6-9  6*0 

The  substance  is  insoluble  in  ether,  but  dissolves  readily  in  water, 
alcohol,  and  ethereal  solution  of  aniline.  The  aqueous  solution 
deposits  crystals  after  a  few  days,  and  the  ethereal  aniline  solution 
deposits  a  large  quantity  of  crystalline  matter  if  kept  for  a  short 
time  at  the  temperature  of  boiling  ether.  The  crystals  from  both 
sources,  when  recrystallised  from  alcohol,  showed  the  m.  p.  180 — 182°, 
and  on  analysis  were  found  to  be  citrodianilic  acid. 

I.  (From  ether-aniline.)   0*1150  gram  of  substance  gave  0*0556 
gram  H2O  and  0*2655  gram  CO2. 
II.  (From  ether-aniline.)   0-1267  gram  of  substance  gave  9-25  c.c. 

N  at  20°  and  757  mm. 
III.  (From  water.)  0-1629  gram  of  substance  gave  11*75  c.c.  N"  at 

19°  and  760  mm. 

Found. 

Calculated  for  f * ^ 

CisHisNoOj.                   I.                II.  III. 

C 63-18  62*94          —  — 

H 5*26                   5*35          —  — 

]Sr 8-12                  —           8*36  8-15 
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The  melting  point  of  citrodianilic  acid  is,  however,  usually  stated 
to  be  about  153°  (Pebal,  Annalen,  82,  87).  Recognising  the  possi- 
bility of  at  least  two  isomeric  dianilic  acids  of  the  above  formula,  we 
prepared  citrodianilic  acid  according  to  Pebal's  directions;  it  was  in 
appearance  just  like  that  which  we  obtained  from  the  acetyl  anhydr- 
ide, and  melted  at  183°,  so  that  the  two  substances  must  be  considered 
as  identical.     Possibly  153°  is  a  misprint  for  183°. 

Conversion  of  the  AnJiydro-acid  into  Aconitic  Acid. 

The  ease  with  which  acetic  acid  is  removed  from  the  acetyl 
anhydrides  by  the  action  of  heat,  suggested  that  alkalis  might  decom- 
pose these  anhydrides  in  a  similar  manner  with  formation  of  un- 
saturated derivatives.  In  the  case  of  the  acetanhydrocitric  acid,  the 
reaction  gives  excellent  results,  and  we  propose  to  apply  it  to  other 
acetyl  derivativ^es  in  order  to  ascertain  whether  it  is  to  be  regarded 
as  a  general  method  for  the  production  of  unsaturated  compounds. 

10  grams  of  the  acetyl  derivative  were  dissolved  in  a  small  quan- 
tity of  96  per  cent,  alcohol,  and  allowed  to  fall  drop  by  drop  into  a 
boiling  solution  of  20  grams  of  potash  in  100  c.c.  of  alcohol.  After 
all  the  acetyl  derivative  had  been  added,  the  solution  was  boiled  for 
a  few  minutes  and  then  allowed  to  cool ;  a  slight  yellow  precipitate 
separated,  but  this  was  neglected.  The  liquid  was  now  strongly 
a-cidified  with  hydrochloric  acid,  allowed  to  stand  for  a  short  time, 
and  filtered  from  the  precipitate  of  sodium  chloride.  Water  was  then 
added,  the  excess  of  alcohol  removed  by  distillation,  and  the  aqueous 
solution  evaporated  to  dryness  and  extracted  wdth  ether. 

After  removing  the  ether  by  distillation,  and  recrystallising  the 
residue  from  hot  water,  with  addition  of  pure  animal  charcoal,  a 
colourless  product  was  obtained,  crystallising  in  minute  needles. 

The  analytical  results  showed  it  to  be  aconitic  acid ;  the  yield  was 
80 — 85  per  cent,  of  the  theoretical. 

0'1719  gram  of  substance  gave  0'0555  gram  H2O  and  0'2587  gram 
CO2. 

Calculated  for 

CgHeOg.  Found. 

C 41-37  4104 

H 3-45  3-58 

The  melting  point  was  found  to  be  190°  (uncorr.),  which  is  higher 
than  that  given  in  the  text-books ;  it  agreed,  however,  with  that 
which  we  found  for  a  recrystallised  specimen  of  Kahlbaum's 
aconitic  acid.  Claisen  and  Hori  (Ber.,  24,  126)  give  the  melting 
point  of  synthetical  aconitic  acid  as  191°. 

This  is  probably  the  most  satisfactory  method  at  present  known 
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for  the  preparation  of  aconitic  acid  ;  it  is  unnecessary  to  purify  the 
acetanhydrocitric  acid  before  treatment  with  potash,  the  original 
syrup  obtained  by  the  action  of  acetyl  chloride  on  citric  acid  being 
sufficiently  pure  for  the  purpose. 

Citrazinic  Acid. 

When  an  excess  of  strong  ammonia  (sp.  gr.  0"880)  is  added  to 
acetanhydrocitric  acid,  a  slight  rise  of  temperature  takes  place,  and  a 
clear  solution  is  obtained ;  but  no  condensation  occurs  even  if  the 
solution  is  kept  in  sealed  tubes  for  several  weeks.  If,  however,  the 
solution  is  heated  at  120 — 130°  for  a  couple  of  hours,  the  liquid 
assumes  a  reddish  tint  and  becomes  fluorescent ;  on  boiling  off  the 
excess  of  ammonia  and  acidifying  with  hydrochloric  acid,  a  light 
yellow  precipitate  is  formed,  which,  after  being  redissolved  in  am- 
monia, filtered,  and  reprecipitated  by  acid,  gave  numbers  which  agree 
well  with  those  required  for  citrazinic  acid,  C6H5NO4. 

0*1771  gram  of  substance  gave  0'0520  gram  HoO  and  O'SOIO  gram 

CO3. 
0-2280  gram  of  substance  gave  18-4  c.c.  N  at  18°  and  760  mm. 

Found. 

Calculated  for  f '^— ^ 

C6H5NO4.  I.  II. 

C 46-45  46-35  — 

H 3-23  3-25  — 

N 9-03  —  9-32 

The  sparing  solubility  of  the  substance  in  water,  insolability  in 
alcohol,  and  the  ready  solubility  in  alkaline  liquids,  the  intense  blue 
fluorescence  which  such  solutions  show,  and  finally  the  brilliant  blue 
coloration  which  the  substance  gives  with  a  warm  dilute  solution  of 
potassium  nitrite,  show  the  identity  of  the  compound  with  the  citr- 
azinic acid  of  Behrraann  and  Hoffman.  The  yield  is  35 — 40  per  cent, 
of  the  anhydro-acid  taken. 

Attempts  to  effect  a  similar  condensation  by  means  of  a  concen- 
trated solution  of  ethylamine  were  unsuccessful  even  when  tempera- 
tures above  200°  were  employed.  The  solutions  gave  no  precipitate 
with  hydrochloric  acid,  but  after  removal  or.  excess  of  ethylamine  by 
a  current  of  steam,  and  adding  silver  nitrate,  a  precipitate  was 
obtained  which  contained  a  considerable  percentage  of  nitrogen, 
showing  the  probable  presence  of  an  ethyl  amic  acid ;  as,  however, 
the  silver  salts  obtained  were  not  constant  in  composition,  the  in- 
vestigation was  not  followed  up  (compare  Ruhemann,  Trans.,  1887, 
51,  408). 
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The  fact  that  the  anhydro-acid  when  heated  with  ammonia  yielded 
citrazinic  acid,  but  does  not  do  so  in  the  cold,  suggests  that  an  amic 
acid  is  first  formed,  which  subsequently  undergoes  condensation.  In 
order  to  satisfy  ourselves  as  to  whether  citramic  derivatives  would 
condense  under  similar  circumstances,  we  heated  (a)  citramide  and 
(^)  the  mixture  of  citramic  acids  which  is  left  as  mother  liquor  in 
the  preparation  of  citramide,  each  with  ammonia  of  0*880  at  120 — 130°. 
In  each  case,  a  good  yield  of  citrazinic  acid  was  obtained  ;  the  absence 
of  citrazinamide,  which  might  have  been  expected  to  be  produced,  is 
indicated  by  the  analyses  : — 

(a.)  0*1146  gram  of  substance  gave  9*6  c.c.  N"  at  759  mm.  and  21°. 
(^.)  0*1611         „  „  12*7        „        759         „       19*5°. 

Calculated  for  Found. 

CfiH^NO^.  (a.)  (/3.) 

N 9*03  9*5         9*08 

Similarly,  methyl  citrate  was  found  to  yield  citrazinic  acid  when 
heated  with  ammonia  in  a  sealed  tube  ;  the  yield  was  33  per  cent,  of 
the  citric  salt  taken. 


deduction  of  Acetocitric  Acid. 

Regarding  acetocitric  acid  as  an  ethereal  salt,  it  appeared  possible 
that  by  the  action  of  reducing  agents  it  might  be  directly  converted 
into  tricarballylic  acid.  Hitherto,  however,  we  have  been  unable  to 
effect  this  reduction,  for,  though  a  solution  of  acetocitric  acid  readily 
unites  with  hydrogen  when  acted  on  with  sodium  amalgam,  the  chief 
product  of  the  reduction  appears  to  be  an  uncrystallisable  syrup 
easily  soluble  in  water  and  alcohol,  comparatively  sparingly  soluble  in 
ether.  We  hope  to  return  to  this  question  in  a  subsequent  communi- 
cation. 

The  Anhydride  of  Aconitic  Acid. 

This  compound  is  readily  prepared  by  boiling  aconitic  acid  with 
excess  of  acetyl  chloride  until  complete  dissolution  is  effected.  On 
evaporating  the  filtered  solution  in  a  vacuum  over  solid  potash,  the 
anhydride  gradually  separates  in  colourless  octahedra.  The  anhydride 
thus  prepared  is  a  hygroscopic  substance  melting  at  95°;  it  is  easily 
soluble  in  ether,  alcohol,  a.nd  hot  benzene,  from  which  it  separates,  on 
cooling,  in  modified  cubes.     On  analysis  : — 

0*1745  gram  of  substance  gave  0*0405  gram  HgO  and  0*2904  gram 
CO2. 


1010        EASTERFIELD   AND   SELL:   AN  HYDRO-DERIVATIVES 

Calculated  for 

CfiH405.  Found. 

C 45-56  45'43 

H.. 2-53  2-57 

There  are  three  possible  formulae,  any  one  of  which  might  repre- 
sent the  constitution  of  this  anhydride  : — 

I.  II. 

cooHC<^jj.(.Q>o,    cooh.ch:c— co>^' 
III. 

COOH-CH^-C-CO 

HC-CO^    ' 

Of  these,  formula  I  is  improbable,  since  anhydrides  approaching  this 
type  are  almost  unknown  ;  at  the  same  time,  the  easy  conversion  of 
the  anhydride  into  citrazinic  acid,  a  pyridine  dei'ivative,  might, 
perhaps,  be  taken  as  an  argument  in  favour  of  this  formula.  Formula 
III  would  seem  more  probable  than  formula  II,  for  III  would  repre- 
sent the  compound  as  a  derivative  of  male'ic  anhydride,  II  as  a  deri- 
vative of  succinic  anhydride.  Substituted  maleic  anhydrides  are,  as  a 
rule,  more  easily  formed  than  the  corresponding  succinic  derivatives 
(compare  especially  diethylsuccinic  and  diethylmaleic  acids). 

If,  then,  w^e  regard  the  anhydride  as  a  maleic  derivative,  we  must 
regard  the  acid  which  is  formed  by  the  action  of  water  also  as  a  maleic 
derivative,  that  is,  of  quasi  plane-symmetrical  structure, 

COOH-CH^-C-COOH 
HC-COOH 

The  anhydride  readily  unites  with  water,  and  passes  thereby  into  or- 
dinaiy  aconitic  acid  (melting  at  190°),  which  is  therefore  to  be  regarded 
as  "  maleoid  "  aconitic*  We  have  attempted,  but  hitherto  without 
success,  to  prepare  the  isomeric  "fumaroid"  modification.  Possibly 
the  maleoid  form  is  so  much  more  stable  than  the  fumaroid  that  the 
latter  cannot  be  isolated.  We  hope  to  follow  this  interesting  line  of 
inquiry  to  a  more  definite  conclusion. 

Action  of  Ammonia  on  Aconitic  AnJiydride. 

When  dry  gaseous  ammonia  is  passed  into  a  solution  of  the 
anhydride  in  dry  ether,  an  amorphous,  hygroscopic  precipitate  is 
formed  which  appears  to  be  the  ammonium  salt  of  aconitodiamic 
acid. 

*  Michael  {Ber.,  19,  1382)  has  come  to  practically  the  same  conclusion  from  the 
reactions  of  the  acid  with  aniline. 
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0*2428  gram  of  substance  gave  46'15  c.c.  N  at  20"  and  763  mm. 

Calculated  for 
CoHjiNA.  Found. 

N 22-2  21-80 

When  tbis  substance,  wbich  is  deliquescent,  is  dissolved  in  ammo- 
nia of  0"880,  or,  indeed,  if  aconitic  anhydride  itself  is  dissolved  in  the 
same  liquid,  a  solution  is  obtained  which  becomes  fluorescent  after  a 
time,  showing  that  condensation  is  slowly  taking  place.  If  the  liquid 
is  heated  in  a  sealed  tube  for  a  couple  of  hours  at  120°,  the  reaction 
takes  place  more  rapidly,  and,  on  acidifying  the  contents  of  the  tube 
after  the  excess  of  ammonia  has  been  removed,  a  precipitate  of  citr- 
xizinic  acid  is  formed. 

1*5  grams  of  the  anhydride  thus  gave  0'23  gram  of  citrazinic  acid, 

that  is,  20  per  cent,  of  the  theoretical  yield. 
0"851  gram  of  substance  gave  7*6  c.c.  ^N"  at  20°  and  765  mm. 


Calculated  for 

CoHsi^O,. 

Found. 

9-03 

9-10 

The  acid  showed  the  characteristic  blue  fluorescence  in  alkaline 
fsoliition,  and  deep  blue  coloration  with  a  warm  dilute  solution  of 
potassic  nitrite. 

The  anhydride  of  tricarballylic  acid  has  recently  been  prepared  by 
Emery  (Be7\,  24,  596),  who  has,  moreover,  shown  that,  by  the  action 
of  gaseous  ammonia  on  an  ethereal  solution  of  the  anhydride,  the 
ammonium  salt  of  tricarballylamic  acid  is  formed.  It  appeared 
possible  that  by  the  action  of  strong  aqueous  ammonia  on  this  an- 
hydride, a  condensation  might  be  effected  as  in  the  case  of  aconitic 
anhydride.  We  were,  however,  unable  to  effect  such  a  condensation. 
The  anhydride  was  heated  at  140°  and  afterwards  at  180°  for  several 
hours  with  an  excess  of  concentrated  ammonia,  but  no  darkening  of 
the  solution  occurred,  and  nothing  was  precipitated  from  the  liquid 
on  acidifying  it  with  hydrochloric  acid.  On  evaporating  the  ammo- 
niacal  solution  upon  the  water-bath,  an  uncrystallisable  syrup  re- 
mained ;  this  was  dissolved  in  water  and  silver  nitrate  added,  when 
a  flocculent  precipitate  containing  nitrogen  was  thrown  down.  Its 
composition  was  not  constant,  and  it  is  probably  a  mixture  of  the  salts 
of  tricarballylic  and  tricarballylamic  acids. 

This  difference  between  the  reactions  of  the  anhydrides  of  acids  so 
nearly  related  as  aconitic  and  tricarballylic  is  interesting,  and  seems 
to  point  to  the  fact  that  the  formation  of  citrazinic  acid  from  ethereal 
salts  of  citric  acid  is  largely  dependent  on  the  easy  formation  of  an 
"ethylene"  linking. 
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Several  points  in  connection  with  the  anhydrides  which  we  have 
dealt  with  in  this  paper  have  still  to  be  worked  ont.  Notably  the 
action  of  ammonia  and  the  effect  of  heat  on  these  compounds  require 
more  careful  study  than  we  have  hitherto  had  time  to  give  to  them. 
Phenylhydrazine,  too,  acts  readily  on  the  substances  in  question, 
producing  crystalline  derivatives,  which  we  have  not  yet  investigated. 
We  hope,  in  a  subsequent  paper,  to  deal  with  these  and  some  other 
points  of  interest  which  have  arisen  during  the  course  of  this  investi- 
gation. 

We  desire,  in  conclusion,  to  express  our  thanks  to  Mr.  T.  T. 
Knowles  and  Mr.  P.  Hudson  for  the  willing  assistance  they  have 
afforded  us  in  connection  with  the  above  work. 

University  Laboratory, 
Cambridge. 


LXXXV. — Vi- substituted  Semithiocarbazides. 

By  Augustus    E.   Dixon,    M.D.,    Professor   of    Chemistry,    Queen's 

College,  Cork. 

In  two  papers  communicated  to  this  Society  (Trans.,  1889,  55,  302 ; 
and  1890,  57,  257),  I  described  experiments  establishing  the  exist- 
ence of  isomeric  forms  amongst  the  di-substituted  semithiocarbazides  ; 
and  in  the  later  of  these  papers,  a  suggestion  was  thrown  out  regard- 
ing a  possible  connection  between  the  melting  points  and  structure 
of  this  class  of  compounds.  The  study  whose  commencement  is 
there  recorded  has  been  continued  ;  but  as  it  is  still  incomplete,  it 
was  my  intention  to  refrain  from  publishing  until  the  investigation 
could  be  further  extended.  A  communication  has,  however,  just 
appeared  in  the  JBerichte  (1892,  3098),  which  touches  so  closely  on 
the  work  in  question,  that  I  think  it  well  to  now  lay  before  the 
Society  an  account  of  the  principal  experimental  data  already 
acquired. 

The  variety  and  intensity  of  the  colour  changes  which  take  place 
on  treating  solutions  of  the  semithiocarbazides  with  mineral  acids, 
salts,  and  oxidising  agents  are  very  striking;  amongst  these  are: 
crimson,  blood-red,  scarlet,  orange,  yellow,  bright  green,  Prussian 
green,  Prussian  blue,  azure  blue,  indigo,  in  addition  to  bottle  green, 
olive,  mahogany  biown,  and  others.     The  colour  changes  are  so  re- 
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markable,  and  often  so  characteristic,  that  I  have  recorded  them  in 
some  detail. 

W.  Marckwald — the  author  of  the  paper  above  mentioned — has 
observed  that  the  di-substituted  semithiocarbazides  appear  to  be 
capable  of  existing  each  in  two  forms  ;  and  since  his  experiments  lead 
him  to  believe  that  these  cannot  be  tautomeric,  he  explains  their 
existence  by  supposing  them  to  be  stereoisomeric  compounds,  repre- 
senting the    (diphenylated)  variety  of   lower  melting  point  by  the 

formula  '  i         ,  that  of  higher  melting  point  being 

CeHe-N-H-C-SH  ^ 

N-NH-CeHs* 

My  own  observations  confirm  those  of  Marckwald,  so  far  at  least 
as  the  frequent  production  of  compounds  of  markedly  different 
melting  point  is  concerned.  But  in  all  the  cases  recorded  below, 
except  the  benzylated  derivatives,  the  substance  described  (where 
evidence  of  the  presence  of  more  than  one  w^as  forthcoming)  is  that 
obtained  by  recrystallisation  repeated  until  the  compound  of  higher 
melting  point  alone  appeared  to  be  present. 

FaratohjUMocarhimide  and  Phenylhydrazme. — ParatolylplienylsemithiO' 

carhazide. 

On  mixing  hot  alcoholic  solutions  of  the  constituents  in  molecular 
proportion,  crystals  soon  began  to  separate,  and,  on  cooling,  the 
whole  set  to  a  nearly  colourless  mass  ;  this,  after  being  drained  on 
the  filter-pump  and  well  washed  with  alcohol,  sintered  at  149° 
(uncorr.).  By  repeated  recrystallisation  from  alcohol,  the  substance 
was  obtained  in  colourless,  vitreous  prisms  melting  at  173 — 174° 
(uncorr.),  with  effervescence,  to  a  greenish  brown  liquid. 

As  indicated  by  the  result  of  a  sulphur  determination,  the  com- 
pound is  the  expected  semithiocarbazide  : — 

0*2144  gram  of  substance  afforded  0"1952  gram  BaS04. 

Calculated  for 
C14H15N3S.  Experiment. 

S 12"44  per  cent.  12*51  per  cent. 

The  material  softening  at  149°  and  that  melting  at  174°  are, 
doubtless,  respectively  identical  with  Marckwald's  "  a-phenylpara- 
tolylthiosemicarbazid "    sintering   at    150°,    and    the    corresponding 

*  The  compound  of  lower,  is  converted  into  that  of  higher,  melting  point,  ac- 
cording to  Marckwald,  not  only  by  continued  boiling  of  the  alcoholic  solution,  but 
also  by  the  addition  to  a  boiling  alcoholic  solution  of  a  trace  of  hydrochloric  acidi 
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*'  y3-" modification   melting  at    176°.      The  interaction  may  be  thus 
formulated : — 

Paratolylphenylsemithiocarbazide  is  insoluble  in  water,  rather 
sparingly  soluble  in  benzene  and  in  boiling  alcohol,  still  less  so  in 
cold,  easily  in  chloroform  and  in  ether. 

A  dilute  alcoholic  solution,  when  treated  with  a  few  drops  of  ferric 
chloride,  becomes  deep  bottle  green,  changing  on  heating  to  a 
mahogany  red.  Copper  sulphate  produces,  even  in  very  dilute  solu- 
tions, an  intense  deep  green  coloration,  which  is  not  altered  by  heat- 
ing. With  solution  of  bleaching  powder,  a  crimson  coloration  is 
produced,  and  on  adding  excess,  a  precipitate  forms  containing  all 
the  colouring  matter.  Neutral  or  ammoniacal  silver  nitrate  produces 
a  white,  curdy  precipitate  which  blackens  almost  instantaneously  ; 
but  only  a  trifling  desulphurisation  occurs  even  on  prolonged  boiling 
with  alkaline  solution  of  lead.  The  substance  is  very  stable  towards 
mineral  acids  :  on  boiling  with  concentrated  hydrochloric  or  dilute 
sulphuric  acid,  rendering  alkaline,  and  heating  with  Fehling's  solu- 
tion, no  cupj'ous  oxide  is  formed.  Cold  concentrated  nitric  acid 
attacks  the  solid,  the  mixture  becoming  deep  orange-red,  and  it  dis- 
solve.^ readily  in  strong  sulphuric  acid,  with  production  of  a  rich 
Prussian  blue  coloration. 


PhenyUMocarhimide  and  Paratolijlhydrazine. — Pheuylparatolylsemithio- 

carhazide. 

This  was  obtained  by  mixing  the  base  and  thiocarbimide  in  molecular 
proportion  in  alcohol,  and  heating  the  solution  to  its  boiling  point. 
On  cooling,  a  crystalline  mass  was  produced,  which,  after  washing  with 
spirit,  sintered  at  about  117°.  After  three  recrystallisations  from 
alcohol,  a  substance  w^as  obtained  in  beautiful  rosettes  of  feathery 
needles,  perfectly  colourless,  becoming,  when  dry,  highly  electrical  on 
friction,  and  melting  with  effervescence  at  172°  (uncorr.)  to  a  clear, 
brownish  liquid. 

A  sulphur  determination  gave  the  following  result : — 

0'2179  gram  of  substance  afforded  0'1998  gram  BaS04. 

Calculated  for 
C14H15N38.  Experiment. 

S 12*44  per  cent.  12*60  per  cent. 

The  substances  sintering  at  117°  and  melting  at  172°  are  evidently 
identical  with  Marckwald's  "  a-"  and  "  iS-"  modifications,  the  melting 
points  of  which  he  records  as  123*^  and  175°  respectively. 
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Phenylparatolylsemithiocarbazide  is  practically  insoluble  in  boiling' 
water,  somewhat  sparingly  soluble  in  boiling  alcohol,  mucli  less  so  in 
cold  ;  soluble  also  in  benzene,  chloroform,  and  ether. 

The  solution  in  dilute  alcohol  gives  with  copper  sulphate  a  deep, 
greenish  black  coloration,  unchanged  by  boiling  ;  with  ferric  chloride, 
a  dark,  greenish  brown,  becoming  orange-yellow  on  heating ;  and  with 
solution  of  bleaching  powder,  a  beautiful  scarlet  coloration.  Neutral 
and  ammoniacal  silver  nitrate  throw  down  curdy,  whitish  precipitates  ; 
that  from  the  former  blackens  on  standing  for  a  short  time  in  the 
cold  ;  that  from  the  latter  passes  almost  instantly  to  full  black.  But 
the  desulphurisation  by  alkaline  solution  of  lead  is  trifling,  and  only 
occurs  after  boiling  for  some  time.  Cold  nitric  acid  at  once  decom- 
poses the  solid  substance,  and  a  red  oil  separates.  Unlike  its 
metamer,  previously  described,  it  dissolves  in  cold  concentrated 
sulphuric  acid  without  change  of  colour ;  if  the  solution  is  heated,  it 
becomes  brownish. 

OrtJiotulyltMocarhiTjiide  and  Parafolylhydrazir^e. — Orthofolylparafolyl- 
semithiocarhazide. 

When  prepared  by  very  gently  warming  its  constituents  in  alcohol, 
the  principal  product  was  a  substance  (;rystallising  in  white  prisms, 
and  melting  at  130—131°,  but  immediately  resolidifying ;  the  re- 
solidified substance  showed  a  melting  point  of  162 — 163°.  By 
repeated  recrystallisation,  a  comparatively  small  quantity  of  a  sub- 
stance melting  at  162 — 163°  (uncorr.)  could  be  obtained ;  but  on  com- 
bining the  base  with  the  hydrazine  in  boiling  alcohol,  the  latter 
compound  was  obtained  almost  pure,  and,  after  recrystallisation, 
formed  long,  fine,  vitreous  prisms  melting  sharply  at  162 — 163°,  with 
effervescence,  to  a  brownish  liquid. 

A  sulphur  determination  was  made,  with  the  following  result : — 

0*2306  gram  of  substance  afforded  0*1975  gram  BaSO^. 

Calculated  for  Found. 

Ci5Ha7N3S. 

S 11*82  per  cent.  11*77  per  cent. 

The  semithiocarbazide  is  insoluble  in  water,  moderately  soluble  in 
boiling  alcohol,  somewhat  sparingly  in  cold. 

Ferric  chloride,  when  added  to  the  dilute  alcoholic  solution,  pro- 
duces a  blood-red  coloration,  changing  rapidly  to  bright 'green.  On 
warming,  the  mixture  becomes,  first,  olive  brown,  and  then  clear 
orange-red.  With  copper  sulphate,  an  intense  Prussian  green  is  pro- 
duced, destroyed  by  boiling,  with  formation  of  a  black  precipitate. 
Silver  nitrate  throws  down  a  white,  curdy  precipitate,  which  gradually 
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darkens  on  standing;  a  similar  result  is  produced  bj  the  ammoniacal 
nitrate,  save  that  the  precipitate  blackens  almost  instantly.  De- 
sulphurisation  occurs,  to  a  limited  extent,  on  prolonged  boilin*^  with 
alkaline  lead  solution.  On  treating  the  solid  with  nitric  acid,  it  is 
at  once  attacked ;  the  mixture  becomes  orange,  and  a  deep  red  oil 
separates.  These  reactions  are  substantially  the  same  as  those  of  the 
metameric  paratolylorthotolyl  compound ;  it  is  distinguished,  how- 
ever, by  its  melting  point,  and  by  the  fact  that  it  dissolves  without 
sensible  colour  change  in  concentrated  sulphuric  acid. 

Parafolylthiocarhimide  and  Orthotolylhydrazine. — Paratolylort/iotolyl- 
semithiocarhazide. 

Alcoholic  solutions  of  the  constituents  were  mixed  in  molecular 
proportion,  and  the  mixture  gently  heated  on  the  water-bath  ;  the 
crimson  coloured  liquid,  on  cooling,  deposited  aggregates  of  crystals ; 
the  yield  of  these,  after  draining  on  the  filter-pump  and  washing  with 
spirit,  amounted  to  over  6^  per  cent,  of  the  theoretical.  After  re- 
peated recrystallisation  from  alcohol,  the  substance  was  obtained  in 
colourless,  vitreous  prisms,  melting  constantly  with  effervescence  at 
141_142°  (uncorr.).* 

On  analysis,  the  following  result  was  obtained  : — 

0'3385  gram  of  substance  afforded  0"2950  gram  BaS04. 

Calculated  for 

Ci5Hi;]N'3S.  Experiment. 

S 11"82  per  cent.  11'98  per  cent. 

The  substance  dissolves  rather  sparingly  in  boiling  alcohol,  still 
less  so  in  cold ;  in  boiling  water  it  is  practically  insoluble.  It  is 
attacked  on  gently  warming  it  with  nitric  acid,  with  production  of  a 
bright  orange  coloration ;  and  dissolves  in  cold  concentrated  sulph- 
uric acid  to  a  beautiful  Prussian  green  solution.  Silver  nitrate, 
when  added  to  the  alcoholic  solution,  produces  a  finely  divided 
white  precipitate,  which  slowly  passes,  through  yellow  and  red,  to 
black,  leaving  a  speculum  ;  with  the  ammoniacal  nitrate,  a  whitish 
precipitate  falls,  which  immediately  blackens.  On  prolonged  boiling 
with  alkaline  solution  of  lead,  some  desulphurisation  occurs,  and  the 
sides  of  the  tube  become  brilliantly  plated.  On  the  addition  of  excess 
of  Fehling's  solution,  the  mixture  becomes  black  and  turbid,  but  no 
cuprous  oxide  is  formed  on  boiling ;  neither  is  it  produced  if  the  sub- 

*  No  evidence  was  observed  in  this  case  of  the  production  of  an  a-modification 
that  the  above  substance  exists  in  the  )8-form  appears  both  from  the  effervescence 
on  fusion  and  from  the  fact  that  the  melting  point  remains  unchanged  after  boiling 
with  a  little  hydrochloric  acid. 
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stance  is  previously  boiled  with  concentrated  hydrocbloric  acid  for 
some  time. 

With  ferric  chloride,  the  cold  alcoholic  solution  gives  a  deep 
greenish  red  coloration  ;  on  heating,  the  mixture  becomes  turbid, 
and  deep  crimson.  This  effect  is  presumably  due  to  oxidation,  as 
treatment  with  bleaching  powder  and  dilute  hydrochloric  acid  pro- 
duces a  similar  colour  and  turbidity.  The  addition  of  a  few  drops 
of  copper  sulphate  produces,  even  in  very  dilute  solutions,  an  intense 
Prussian  green  coloration. 

In  one  of  the  communications  already  quoted  {ante,  p.  1012), 
attention  was  drawn  to  the  melting  points  of  certain  semithio- 
carbazides  derived  from  orthotolylhydrazine.  The  ethyl  compound 
melts  at  130°  ;  on  exchanging  the  ethyl  group  for  phenyl,  the 
melting  point  rises  to  146° ;  and  for  the  reasons  there  stated,  it 
was  anticipated  that  the  substitution  of  tolyl  for  the  phenyl  group 
would  probably  still  further  raise  it.  I  have  now  obtained  the  com- 
pound in  question — diorthotolylsemithiocarbazide — and  find  that  its 
melting  point  does  lie  higher  than  that  of  phenylorthotolylsemithio- 
carbazide,  though  only  by  a  few  degrees.  The  preparation  and  chief 
properties  of  this  compound  are  described  below. 

OrthotolyltMocarhimide  and  Orthotolylhydrazine. — Diorthotolylsemi- 

thiocarhazide. 

The  constituents  were  heated  in  alcoholic  solution  in  molecular 
proportion.  A  deep  greenish  brown  liquid  was  the  result,  which, 
after  standing  for  several  hours,  deposited  a  quantity  of  crystals. 
The  latter,  after  repeated  recrystallisation  from  alcohol,  were  obtained 
in  aggregates  of  brilliant,  colourless  octahedra,  insoluble  in  water, 
moderately  soluble  in  boiling  alcohol,  somewhat  sparingly  in  cold, 
and  melting  at  148 — 149°  (uncorr.)  with  copious  effervescence. 

The  substance,  as  indicated  by  the  result  of  a  nitrogen  determina- 
tion, is  ditolylsemithiocarbazide : — 

0*2208  gram  of  substance,  burnt  with  copper  oxide,  afforded  28' 7  c.c. 
of  nitrogen,  measured  at  1 5*5**  and  763*5  mm. 

Calculated  for 
C15II17N3S.  Experiment. 

N. . . .  >    . .      15*53  per  cent.  15*34  per  cent. 

When  ferric  chloride  is  added  to  an  alcoholic  solution,  the  mixture 
becomes  intense  blood-red  ;  a  like  result  follows  on  treatment  with 
potassium  dichromate  and  dilute  sulphuric  acid,  or  bleaching  powder 
and  dilute  hydrochloric  acid.  A  bright  emerald  green  colour  is  pro- 
duced   by  warming  with  potassium  ferricyanide  ;    and    with  copper 
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sulphate,  even  in  very  dilute  solutions,  an  intense  deep  green.  A 
cold  alcoholic  solution  is  blackened  instantly  on  the  addition  of 
ammoniacal  silver  nitrate ;  but  the  desulphurisation  is  very  trifling 
(with  production  of  a  slight  speculum),  even  after  continued  boiling 
with  alkaline  solution  of  lead.  The  solid  substance,  when  treated 
w^ith  nitric  acid,  yields  a  deep  bromine- col  cured  mixture  ;  and  it  dis- 
solves in  cold  sulphuric  acid,  producing  a  faint  green  coloration, 
which,  on  warming,  changes  to  a  rich  claret. 

The  following  compound  completes  the  series  of  ortho-  and  para- 
ditolyl  derivatives  of  this  class. 

Paratolylthiocarhimide  and  Paratolylhydrazine. — Diparatolylsemithio- 

carhazide. 

In  this  case,  as  in  that  of  the  corresponding  ortho-para-compound, 
the  nature  of  the  product  depends  on  the  conditions  under  which  it 
is  obtained. 

Operating  in  gently  heated  alcoholic  solution,  aggregates  of  flattened 
crystals  are  formed  ;  these  melt  at  temperatures,  varying  in  different 
experiments,  from  120°  to  125°.  The  melted  product  rapidly 
solidifies  again,  and  the  melting  point  now  rises  to  a  temperature 
varying  from  148°  to  153°.  In  these  cases,  it  was  found  impractic- 
able, by  recrystallisation,  to  separate  a  compound  having  the  higher 
melting  point. 

The  second  modification  was,  however,  easily  obtained  by  mixing 
boiling  alcoholic  solutions  of  the  constituents;  the  product,  after  a 
couple  of  recrystallisations  from  the  same  solvent,  formed  tufts  of 
pointed  prisms,  melting  sharply  with  effervescence,  to  a  yellowish- 
green  liquid,  at  158" 5 — 154°  (uncorr.).* 

On  analysis,  a  compound  having  a  primary  melting  point  of 
124 — 125°  gave  the  following  result : — 

02268    gram    of    substance   afforded   30'8  c.c.   of  moist  nitrogen, 
measured  at  16°  and  768"5  mm. 

A  compound  melting  at  153 — 154°  was  also  analysed  : — 
0-2035  gram  of  substance  yielded  0*1680  gram  BaSOi. 

Calculated  for 
C15H17N3S.  Experiment. 

IS" 15*53  per  cent.  16*00  per  cent. 

S 11*82         „  11*35 

These  two  substances  are,  accordingly,  both  diparatolylsemithio- 

*  The  latter  melting  point  was  unchanged  after  boiling  the  substance  with  a 
little  hydrochloric  acid. 
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carbazides  ;  pi'obablj  tlie  former  corresponds  to  Marckwald's  a-,  and 
the  latter  to  his  /3-diphenyl  derivative. 

Diparatolylsemithiocarbazide,  m.  p.  154°,  is  insoluble  in  water, 
freely  soluble  in  hot  alcohol,  bnt  much  less  so  in  cold ;  easily  in 
ether,  chloroform,  and  benzene.  Cold  nitric  acid  vigorously  attacks 
ihe  solid,  yielding  a  mahogany  brown  solution ;  and  it  dissolves  in 
-concentrated  sulphuric  acid,  producing  an  olive  green  coloration, 
which,  on  warming,  changes  to  brownish  red. 

The  alcoholic  solution  gives,  with  copper  sulphate,  a  deep  green 
•colour,  unchanged  by  heating;  with  bleaching  powder,  a  bright 
vermilion  precipitate  ;  w^ith  potassium  ferricyanide,  a  clear  yellow, 
becoming  deep  orange-yellow  on  warming ;  and  with  ferric  chloride, 
a  greenish  red,  gradually  changing  to  greenish  brown.  If  the  latter 
solution  be  heated,  it  turns  bright  orange-yellow.  Neutral  or  am- 
moniacal  silver  nitrate  yields  a  whitish  precipitate,  which  gradually 
blackens  in  the  cold ;  and  the  substance  is  desulphurised,  though  in- 
oompletely,  by  continued  boiling  with  alkaline  solution  of  lead. 

OL-Najphthylthiocarhimide  and  Phenylhydrazine. — oc-NapJithylpJienyl- 
setnithiocarhazide. 

The  preparation  of  this  compound  was  undertaken  in  order  to 
compare  its  properties  with  those  of  Freund's  (Ber.,  24,  4190) 
phenylthiocarbimide  and  a-naphthylhydrazine  product.  Molecular 
proportions  of  the  constituents  were  mixed  in  hot  alcoholic  solution, 
and  in  a  few  minutes  the  contents  of  the  vessel  solidified  to  a  pure 
white,  crystalline  mass,  the  weight  of  which,  after  draining,  washing 
with  spirit,  and  drying,  amounted  to  over  93  per  cent,  of  that  of  the 
materials  employed.  By  recrystallisation  from  alcohol,  it  was  ob- 
tained in  brilliant,  vitreous  needles,  melting  wdth  copious  effervescence 
at  183°  (uncorr.). 

Sulphur  determination : — 

0"3979  gram  of  substance  yielded  0*3172  gram  BaS04. 

Calculated  for 
Ci^HisNaS.  Experiment. 

S 1093  per  cent.  10'97  per  cent. 

The  substance  is  insoluble  in  water,  rather  sparingly  soluble  in 
boiling  alcohol,  ether,  or  benzene,  somewhat  more  easily  in  chloro- 
form. Ammoniacal  nitrate  of  silver,  when  added  to  the  alcoholic 
solution,  throws  down  a  white,  curdy  precipitate,  which  is  stable  in 
the  cold,  but  blackens  very  readily  on  gently  warming ;  on  boiling 
with  alkaline  solution  of  lead,  desulphurisation  is  slowly  and  imper- 
fectly effected.     With  ferric  chloride,  the  alcoholic  solution  gives  an 
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orange  coloration,  scarcely  altered  by  heating ;  copper  sulphate  pro- 
duces an  intense  green,  unchanged  by  boiling  ;  and  bleaching  powder 
a  scarlet  coloration.  The  solid  is  attacked  vigorously  by  nitric  acid, 
with  production  of  a  scarlet  oil ;  and  it  dissolves  in  sulphuric  acid, 
giving  a  straw  yellow  solution,  which,  on  heating,  becomes  at  first 
somewhat   paler,    and    darkens   at   a   high    temperature,    owing   to 

carbonisation. 

As  already  stated,  the  substance  melts  at   183°,  and  is,  therefore, 

isomeric   with   Freund's   phenyl- a-naphthyl   derivative,    melting    at 

135°. 

PJienyl-^-napJitJiylsemithiocarhazide. 

According  to  Freund  (loc.  cit.,  p.  4180),  this  substance  (prepared 
from  phenylthiocarbimide  and  y3-naphthylhydrazine),  forms  white 
leaves,  easily  soluble  in  alcohol,  and  melting  at  202°.  My  own 
results  diifer  somewhat  from  the  above,  as  the  substance  I  obtained 
from  these  materials  occurred,  aftei*  repeated  crystallisation  from 
spirit,  in  very  delicate,  flexible,  pearly  needles,  by  no  means  freely 
soluble  in  alcohol,  and  melting,  with  much  effervescence,  at 
184—184-5°  (uncorr.). 

A  nitrogen  determination  was  made  in  order  to  check  the  formula. 

0-2020  gram  of  substance  afforded  25"5  c.c.  moist  nitrogen  at  17° 

and  751  mm.,  or  N  =  14-46  per  cent. 
Calculated  for  C17H15N3S,  N  =  14-36  per  cent. 

To  his  description,  the  following  may  be  added  : — The  alcoholic 
solution  gives  with  ammoniacal  silver  nitrate  a  black  precipitate,  but 
is  not  sensibly  desulphurised  by  boiling  with  alkaline  solution  of  lead. 
Copper  sulphate  produces  a  deep  green  precipitate,  soon  becoming 
black  ;  ferric  chloride  an  orange  coloration,  changing  on  warming  to 
deep  brownish  red ;  and  bleaching  powder  a  rich  red,  almost  scarlet, 
precipitate.  The  solid  is  attacked  by  nitric  acid  with  formation  of 
a  bromine-coloured,  oily  liquid  ;  and  dissolves  in  sulphuric  acid,  yield- 
ing a  clear,  yellowish  green  solution,  which  on  warming  becomes 
cherry-red.  The  solution  in  alkali,  when  boiled  and  treated  with 
copper  sulphate,  yields  no  cuprous  oxide. 

^.NaphthyUMocarhimide  and  Phenylhydrazine. — (S-NapTithylphenylsemi- 

thiocarhazide. 

/This  isomer  of  the  preceding  was  prepared  from  its  constituents 
in  hot  alcoholic  solution  ;  when  recrystallised  from  alcohol,  it  forms 
delicate,  silvery  needles  melting  at  190 — 191°  (uncorr.). 
On  analysis,  the  following  data  were  obtained : — 
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0*2205  gram  of   substance  afforded  05628  gram  CO2  and  0*1124 
gram  HgO. 

Calculated  for 
C17H15N3S.  Experiment. 

C 69'57  per  cent.  69*60  per  cent. 

H 5-13         „  5*67 

It  is  insoluble  in  water,  rather  sparingly  soluble  in  boiling  alcobol, 
and  still  less  so  in  cold. 

Silver  nitrate  produces  a  white  precipitate,  soon  darkening ;  with 
the  ammoniacal  nitrate,  the  mixture  blackens  at  once ;  but  no  de- 
sulphurisation  occurs  on  boiling  with  alkaline  solution  of  lead.  A 
dilute  alcoholic  solution  gives  with  ferric  chloride  a  mahogany  red 
coloration,  not  affected  by  heating ;  with  copper  sulphate,  a  deep 
greenish  black :  and  with  bleaching  powder  and  hydrochloric  acid,  a 
clear  light  orange.  The  solid  is  vigorously  attacked  by  nitric  acid, 
with  production  of  an  intense  crimson-coloured  oil,  and  dissolves  in 
sulphuric  acid,  yielding  a  clear  green  solution,  which  is  bleached  on 
warming. 

No  benzylated  derivatives  of  the  semithiocarbazides  appear  as  yet 
to  have  been  recorded.  I  have  therefore  taken  the  present  oppor- 
tunity of  extending  our  knowledge  of  this  class  of  substances  by  the 
preparation  of  the  compounds  described  below. 

Benzy  Ithiocarbimide  and  Phenylhydrazine. — Benzylphenylsemithiocarh' 

azide. 

This  is  prepared  by  warming  its  constituents  together  in  alcoholic 
solution,  and,  after  several  recrystallisations  from  alcohol,  is  obtained 
in  beautiful  tufts  of  white,  flexible  prisms,  melting  between  115"^  and 
\\Q°*     The  yield  amounted  to  about  70  per  cent,  of  the  theoretical. 

A  portion  was  dried  over  sulphuric  acid  and  the  nitrogen  esti- 
mated : — 

0"1876  gram  of  substance,  burnt  with  copper  oxide,  afforded  26*6  c.c. 
of  nitrogen,  measured  at  16°  and  763  mm. 

Calculated  for 
C14H15N3S.  Experiment. 

N 16*38  per  cent.  16*59  per  cent. 

Benzylphenylsemithiocarbazide,  when  heated  with  water,  melts  to  an 

*  Since  the  above  was  written,  I  have  observed  that  this  substance,  when  boiled 
with  a  trace  of  hydrochloric  acid  (as  recommended  by  Marckwald),  exhibits  a  melt- 
ing point  of  about  163°.  The  compound  described  is,  therefore,  probably  the 
«- modification. 
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oil  wbich  sinks  in  the  liquid.  A  trace  dissolves  in  the  boiling  water, 
but,  -when  the  temperature  is  allowed  to  fall,  the  liquid  becomes 
turbid  from  the  separation  of  oily  globules,  w^hich  after  a  time  again 
solidify.  It  is  moderately  easily  soluble  in  hot  alcohol,  sparingly  in 
cold. 

The  solid  substance  is  not  readily  attacked  by  cold  nitric  acid,  but, 
on  gentle  warming,  action  commences  ;  oxides  of  nitrogen  are  evolved, 
and  the  liquid  contents  of  the  tube  become  mahogany  red.  The  pure 
substance  dissolves  in  concentrated  sulphuric  acid  with  a  clear,  brown 
colour.  On  the  addition  of  copper  sulphate  to  the  dilute  alcoholic 
solution,  an  intense  greenish  blue  coloration  is  produced,  which  is  not 
affected  by  boiling;  with  ferric  chloride,  a  fine  blood-red  coloration 
appears,  which,  as  the  oxidation  proceeds,  slowly  changes  to  greenish 
brown.  If  Fehling's  solution  is  mixed  with  that  of  the  substance, 
and  heat  applied,  the  mixture  simply  blackens ;  but  if  the  substance 
is  previously  boiled  with  hydrochloric  acid,  it  undergoes  more  or  less 
decomposition  into  its  constituents ;  the  cress-like  odour  of  benzyl- 
thiocarbimide  is  noticeable,  and.  the  residual  solution,  if  heated  with 
Fehling's  solution  after  treatment  with  excess  of  potash,  gives  a  dark 
red.  precipitate  of  cuprous  oxide. 


Benzylthiocarhimide  arid  Paratolylhydrazine. — Benzyljparatolylsemithio- 

carbazide. 

This  compound  was  prepared  from  its  constituents  as  above  de- 
scribed. When  purified  by  recrystallisation  from  alcohol,  it  formed 
colourless,  shining,  flattened  prisms  melting  quietly  at  120 — 121°  and 
decomposing,  w4th  effervescence,  at  166°.  The  melting  point  was  not 
changed  by  boiling  the  alcoholic  solution  for  a  short  time  wdth  hydro- 
chloric acid,  but  the  non-effervescence  at  the  melting  point  seems  ta 
isuggest  that  this  is  the  a-modifi cation. 

The  following  result  was  obtained  on  analysis : — 

0*2291  gram  of  substance  yielded  32 '2  c.c.  of  nitrogen,  measured 
at  17°  and  746  mm. 

Calculated  for 

C15H1-N3S.  Experiment. 

'N 16*53  per  cent.  15 '99  per  cent. 

Benzylparatolylsemithiocarbazide  dissolves  moderately  freely  in 
boiling  alcohol,  somewhat  sparingly  in  cold,  and  is  insoluble  in  water. 
Boiling  with  alkaline  lead  solution  fails  to  desulphurise  it ;  but  with 
ammoniacal  nitrate  of  silver,  a  curdy,  white  precipitate  is  produced, 
stable  in  the  cold,  but  easily  blackened  on  heating  with  formation  of 
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a  speculum  o£  silver  sulphide.  ITeutral  nitrate  of  silver  does  not 
cause  a  precipitate,  but  the  mixture,  on  heating,  becomes  black,  and 
a  mirror  is  formed. 

Copper  sulphate,  when  added  to  the  alcoholic  solution,  produces  a 
bright  green  coloration,  unaltered  by  boiling ;  ferric  chloride,  under 
like  conditions,  yields  an  intense  deep  red,  and  bleaching  lime  a  clear 
yellow  colour. 

The  solid  substance  dissolves  in  nitric  acid,  forming  a  yellowish 
solution,  which  on  warming  decomposes,  evolving  ruddy  fumes  and 
leaving  an  orange  red  liquid.  It  is  soluble,  without  sensible  colour 
change,  in  concentrated  sulphuric  acid ;  if  this  solution  is  heated,  it 
becomes  first  amber  yellow,  and  then  bottle  green.  Like  its  lower 
homologue  just  described,  it  does  not  reduce  alkaline  copper  tartrate 
even  on  boiling ;  but  it  is  to  some  extent  decomposed  by  continued 
boiling  with  strong  hydrochloric  acid ;  the  residual  solution,  after 
treatment  with  excess  of  potash,  is  desulphurised  to  a  slight  extent 
by  alkaline  lead  solution,  and  affords,  when  warmed  with  Fehling's 
reagent,  a  small  quantity  of  cuprous  oxide. 

I  have  to  thank  Mr.  D.  J,  O'Mahony  for  the  help  which  he  has 
rendered  with  a  portion  of  the  analytical  work  recorded  in  this 
paper. 


LXXXVI. — Studies  on  the  hiteraction  of  Bromine  and  Toluene.  Pre- 
;paration  and  Properties  of  Orthobromotoluene  and  Farabromotolaene^ 
and  of  the  Dibromotoluenes  derivable  therefrom.  Ortho-  and  Para- 
hromotoluenesuljphonic  Acids. 

By  Alexander  K.  Miller,  Ph.D.* 

The  experiments  described  in  this  paper  were  made  chiefly  with  the 
view  to  determine  the  constitution  of  the  dibromo-derivative  or 
derivatives  of  toluene  obtainable  under  certain  definite  conditions, 
and  also  to  ascertain,  as  far  as  possible,  the  order  in  which  the 
bromine  atoms  enter  into  the  nucleus  of  the  hydrocarbon  when  it  is 
converted  into  higher  bromo-derivatives. 

*  The  experiments  here  recorded  were  carried  out  by  Dr.  Miller  prior  to  his 
departure  from  the  Central  Institution  in  June,  1888,  when  he  accepted  an  in- 
dustrial post.  The  publication  of  the  results  was  deferred  in  order  that  the  chain 
of  evidence  necessary  to  establish  the  constitution  of  the  main  product  of  sulphona- 
tion  of  orthobromotoluene  might  be  completed ;  Dr.  Wynne's  experiments  (see 
p.  1036)  having  supplied  the  necessary  connecting  link,  it  now  appears  advisable 
to  make  the  results  public. — Henry  E.  Aemstbong. 


1024  MILLER:   STUDIES  ON  THE  INTERACTION 

Judging  from  the  fact  that  mono-derivatives  are  practically  the  sole 
products  obtained  when  toluene  is  submitted  to  the  action  of  a  molecular 
proportion  of  bromine,  and  that  a  second  molecular  proportion  of  the 
halogen  acts  with  great  sluggishness  in  comparison  with  the  first,  the 
assumption  seems  justifiable  that  the  formation  of  a  dibromo-deriva- 
tive  from  toluene  takes  place  in  two  distinct  stages,  the  mono-derivative 
being  first  formed  and  subsequently  converted  into  a  di-derivative. 
Such  being  the  case,  experiments  in  which  the  monobromination 
products  are  first  isolated,  and  each  then  separately  submitted  to  the 
further  action  of  bromine,  might  be  expected  to  yield  the  same  pro- 
ducts— though  in  different  proportions — as  the  direct  treatment  of 
the  hydrocarbon  with  two  molecular  proportions  of  the  halogen. 

It  is  well  known  that  the  first  action  of  bromine  is  to  substitute 
hydrogen,  both  in  the  ortho-  and  para-positions  to  the  methyl  group ; 
but  its  further  action  has  never  been  satisfactorily  studied.  Many 
years  ago,  Fittig  stated  (AnnaleUj  147,  40)  that  the  bromination  of 
toluene  beyond  the  mono-stage  takes  place  very  sluggishly,  the  pro- 
duct after  three  weeks'  action  being  a  mixture  of  a  solid  dibromo- 
toluene  melting  at  107 — 108°  and  a  good  deal  of  mono-bromotoluene. 
Fittig  also  stated  that  he  could  not  obtain  tribromotoluene  by 
brominating  at  the  atmospheric  temperature. 

Jannasch  (Annalen,  176,  286),  hoping  to  obtain  a  better  yield  of 
dibromotoluene,  submitted  monobromotoluene  (the  mixture  of  ortho- 
and  para-  obtained  on  brominating  toluene)  to  the  action  of  bromine 
in  the  presence  of  iodine  and  under  the  influence  of  direct  sunlight. 
The  product  described  by  him  was  a  liquid  which  did  not  solidify 
even  when  surrounded  by  a  freezing  mixture.  When  treated  with 
methyl  iodide  and  sodium,  it  yielded  pseudocumene,  and  from  this 
Jannasch  concluded  that  his  dibromotoluene  might  have  been  a 
mixture  of  the  three  following  isomerides  : — 

CHg  CII3  CH3 


Br  Br 

(1)  (2)  (3) 

If  all  three  compounds  were  actually  present  in  Jannasch's  product, 
that  represented  by  the  first  symbol  must  have  been  derived  from 
orthobromotoluene,  whilst  the  second  isomeride  might  have  been  de- 
rived either  from  ortho-  or  from  para-bromotoluene,  or  partly  from  each, 
the  third  isomeride,  on  the  other  hand,  must  have  been  derived  only 
from  parabromotoluene.  Now,  although  Jannasch's  experiments  afford 
no  clue  as  to  whether  one,  two,  or  all  three  of  the  above  isomerides  were 
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actually  formed,  and,  as  far  as  I  am  aware,  no  one  else  lias  published 
anything  more  definite  on  the  subject,  it  nevertheless  appears  to  be 
more  or  less  generally  assumed  that  the  di-bromination  product  of 
toluene  consists  either  chiefly  or  wholly  of  the  1:3:  4-isomeride 
(Beilstein  [2],  2,  46;  Fittig-Wohler,  1887,  524).  Beilstein,  in  fact, 
assigns  this  formula  to  Jannasch's  product  above  referred  to,  though 
apparently  without  reason,  aud  certainly  not  on  Jannasch's  authority, 
as  the  latter  regarded  his  product  as  a  mixture. 

It  will  be  seen  that  in  the  experiments  which  are  described  in  this 
communication  the  conditions  under  which  bromination  took  place 
differed  somewhat  from  those  adopted  by  Jannasch ;  and  it  is  interest- 
ing that,  in  spite  of  this,  the  dibromotoluenes  which  I  obtained  were 
three  in  number,  and  that  they  corresponded  with  the  isomerides 
whose  formulae  are  quoted  above  from  Jannasch's  paper. 

With  the  view  both  to  determine  the  constitution  of  the  dibromo- 
products  and  to  trace  the  formation  of  each  through  the  monobromo- 
stage,  the  two  mono-substitution  products  were  first  prepared  in  a 
state  of  purity  and  were  then  separately  submitted  to  the  further 
action  of  bromine. 

Bromination  of  Toluene. 

The  hydrocarbon  was  obtained  by  hydrolysis  from  recrystallised 
potassium  tolueneparasulphonate,  and  had  a  constant  boiling  point 
of  111—112°. 

Both  the  toluene  and  the  bromine  were  freed  from  water  by  agita- 
tion with  sulphuric  acid.  The  hromination  was  conducted  in  a  room 
from  which  daylight  was  carefully  excluded,  the  interaction  being  assisted 
by  the  addition  of  a  crystal  or  two  of  iodine  ;  and  throughout  the 
operation  access  of  moisture  was  guarded  against.  The  evolution  of 
hydrogen  bromide  was  vigorous  at  first,  but  gradually  became  more 
and  more  sluggish  until,  after  about  five  or  six  days,  there  a,ppeared 
to  be  no  more  action.  The  product  was  shaken  with  a  dilute  solu- 
tion of  caustic  soda  to  remove  bromine,  and  the  oily  layer  was  then 
distilled  in  a  current  of  steam  and  fractionated  ;  its  odour,  which  was 
characteristic,  and  the  fact  that  it  did  not  irritate  the  eyes,  indicated 
that  it  was  free  from  benzyl  bromide — a  result  which  was  undoubtedly 
ascribable  to  the  care  taken  to  exclude  light.  The  crude  mixture  of 
ortho-  and  para-bromotoluenes  was  then  subjected  to  the  alternate 
action  of  a  good  freezing  mixture  and  weakly-fuming  sulphuric  acid 
— the  well-known  method  of  separating  the  two  isomerides.  The 
separation  of  the  isomerides  effected  in  this  manner,  however,  is  by 
no  means  complete,  so  that  an  accurate  determination  of  the  relative 
proportions  of  the  two  could  not  be  effected ;  but  I  have  no  hesita- 
tion in  saying  that  in  my  experiments  the  para-derivative  was  pro- 


1026  MILLER:   STUDIES   ON   THE   INTERACTION 

duced  in  decidedly  larger  amount  than  the  ortho-componnd.  Hiibner 
and  Post  state  (Annalen,  169,  1)  that  they  obtained  about  equal 
amounts  of  each. 

Parahromotoluene. — An  approximate  purification  of  the  product 
obtained  as  above  indicated  is  readily  effected  by  crystallising  it 
from  spirit ;  to  complete  its  purification,  it  may  advantageously  be 
sulphonated ;  the  sulphonic  acid  is  purified  by  crystallisation  of  the 
lead,  barium,  or  potassium  salt,  and  the  purified  salt  is  then  hydro- 
lysed,  and  the  product  finally  crystallised  from  spirit.  Parahromo- 
toluene was  thus  obtained  in  magnificent,  colourless  plates  melting 
at  28-5°.     It  distilled  at  185—185-5°. 

The  main  product  of  the  sulphonation  of  parahromotoluene  vielded 
salts,  of  which  the  composition  was  found  to  be  as  follows  : — 

Potassium  salt 2C7H6BrS03K,HoO. 

Barium  salt (C7H6BrS03)2Ba,2H30. 

Lead  salt (C7H6BrS03)2Pb,2H20. 

I.  0'3965  gram  of  potassium  salt,  dried  at  150°,  lost  0*0123  gram 
water. 
II.  0'4950  gram  of  the  salt  lost  0-0152  gram  water. 

Found. 

Calculated  for  /. * ^ 

2C7H6BrS03K,H20.  I.  II. 

H2O 3-02  per  cent.  3-10         3-07  per  cent. 

0-4521  gram  of  barium  salt  lost  at  ISO""  0-02'12  gram  water. 

Calculated  for 
(C7H6BrS03)oBa,2H20.  Fouud. 

H2O 5*35  per  cent.  5-35  per  cent. 

0-3898  gram  of  lead  salt  lost  0-0190  gram  water. 

Calculated  for 
(C7H6BrS03)2Pb,2HoO.  Found. 

H2O 4.-84  per  cent.  4-87  per  cent. 

The  last  two  salts  have  been  described  by  Hiibner  and  Post  (loc. 
cit.)  who,  however,  found  1  mol.  H2O  in  the  barium  salt  and  3  mols. 
H2O  in  the  lead  salt. 

The  mother  liquor  from  which  the  dihydrated  barium  salt  had  been 
separated  yielded  a  small  quantity  of  an  ill-defined  anhydrous  salt, 
whilst  the  corresponding  salt,  obtained  by  Hiibner  and  Post,  crystal- 
lised with  7  mols.  H2O.* 

*  Dr.  Wynne  proposes  to  fully  examine  the  minor  products  of  sulphonation  of 
both  parabromo-  and  parachloro-toluene,  as  their  nature  is  at  present  by  no  means 
satisfactorily  determined. — 11.  E.  A. 
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0-2862   gram  of  the  salt  lost  nothing  at  150°,  and  yielded  0-1017 
gram.  BaSO^. 

Calculated  for 
(C;H6BrS03)2Ba.  Found. 

Ba 21*50  per  cent.  20*89  per  cent. 

Orthobromotoluene. — The  purification  of  orthobromotolnene  is  a 
much  less  simple  matter  than  that  of  its  isomeride,  there  being  no 
ready  method  of  separating  the  last  traces  of  the  para- derivative.  It 
was  accordingly  found  advantageous  to  prepare  it  by  a  method  which 
I  briefly  described  in  1886  (Proc,  1886,  235),  by'which  it  can  be 
obtained  in  a  state  very  closely  approximating  to  purity  and  free 
from  either  of  its  isomerides.  As  the  method]  has  only  been 
partially  described,  a  more  detailed  description  may  be  now  given. 

Bromine  in  calculated  quantity  is  added  to  a  warm  concentrated 
solution  of  pure  potassium  tolueneparasulphonate  contained  in  a 
strong  stoppered  bottle  (such  as  a  bromine  bottle).  The  mixture  is 
heated  at  about  60 — 70°  in  a  water-bath  and  repeatedly  shaken.  After 
three  to  four  hours'  treatment,  the  mixture,  in  which  free  bromine  is 
still  present,  is  put  into  a  flask  attached  to  a  condenser,  and  a  current 
of  steam  is  passed  through  it.  This  not  only  removes  the  unabsorbed 
bromine,  but  also  an  oily  product  which  separates  during  bromination ; 
the  residual  solution  contains  potassium  orthobromotoluenepara- 
sulphonate  [CH3  :  Br  :  SO3K  =  1:2:4],  some  unaltered  potassium 
tolueneparasulphonate,  and  potassium  bromide.  As  the  solution 
cools,  the  orthobromo  sulphonate  crystallises  out  and  is  readily  puri- 
fied by  recrystallisation ;  it  sometimes  has  a  yellowish  tinge  owing  to 
the  presence  of  a  trace  of  a  bromine  compound  of  unknown  composi- 
tion, and  to  free  it  from  this  it  should  be  crystallised  from  spirit,  from 
which  it  separates  in  beautiful,  white  plates  of  the  composition 
CTHeBrSOaK. 

I,  0'494!3  gram  of  air-dried  salt  yielded  0-1470  gram  K2SO4. 
II.  0-4605  gram  of  the  salt  yielded  0-1357  gram  K2SO4. 

Found. 

Calculated  for  , * ^ 

CyHgBrSOaK.  I.  II. 

K 13*4yp.c.  13*33         13*25p.c. 

The  barium  salt  crystallises  in  glistening  plates  of  the  composition 
(C9H6BrS03)2Ba,2H20. 

I.  0*4247  gram  of  the  barium  salt  lost  0*0259  gram  when  dried, 
and  yielded  0*1464  gram  BaS04. 
II.  Same  specimen,   but  recrystallised. — 0*5500  gram   lost  0*0317 
gram  water. 
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Found. 

Calculated  for  ( ^ <^ 

(C7HoBrS03)2Ba,2H20.  I.  II. 

H2O 5-35  p.  c.  609  5-76  p.  c. 

Ba  (in  anhydrous  salt)     21-50     „  21-58  —      „ 

The  composition  of  the  two  salts  agrees  with  the  description 
{Annalen^  172,  205)  given  by  Hayduck  of  the  orthobromotoluene- 
parasulphonates  which  he  prepared  from  orthamidotolnenesulphonic 
acid  [CeHaMeCNH^SOsH  =  1:2:4]. 

The  other  product  of  the  bromination  of  potassium  toluenepara- 
sulphonate,  namely,  the  oil  separated  by  steam  distillation,  was  freed 
from  bromine  and  fractionally  distilled.  It  was  readily  separated  into 
mainly  two  fractions,  one  boiling  at  about  185°  and  the  other  above 
240°,  this  higher  portion  decomposing  partly  on  further  distilla- 
tion : — 

I.  Fraction  boiling  at.  about  185°. — This  solidified  on  cooling,  and 
was  readily  obtained  in  a  pure  state  by  redistillation  and  crystallisa- 
tion from  spirit.  It  was  at  once  recognised  as  parahromotoluene,  as  it 
melted  at  28-5°  and  distilled  at  185°. 

II.  Fraction  boiling  above  240°. — This  separated  into  a  solid 
substance  and  an  oil.  The  latter  was  obtained  in  too  small  quantity 
to  allow  of  a  complete  examination.  It  was  suiphonated,  and  analyses 
of  its  barium  and  potassium  sulphonates  indicated  it  to  be  a  dibromo- 
toluene. 

0*5136  gram  of  barium  salt  lost  0-0327  gram  water  at  150°,  and 
yielded  0*1409  gram  BaSOi- 

Calculated  for 
(C7H5Br2S03)2Ba,3H:20.  Found. 

H2O 6-36  p.  c.  6-36  p.  c. 

Ba  (in  anhydrous  salt) 17*23     ,,  17-23     ,, 

0-3346  gram  of  potassium  salt  lost  at  150°  0-0160  gram  water,  and 
yielded  0-0733  gram  K2SO4. 

Calculated  for 

C7H6Br2S03K,H20.  Found. 

H2O 4-66  p.  c.  4-78  p.  c. 

K  (in  anhydrous  salt) 10-60     „  10-31     „ 

The  solid  product  was  readily  recognised  £ls parahromobenzyl  bromide; 
it  crystallised  from  alcohol  in  needles  melting  at  61°,  and  its  odour 
and  action  on  the  eyes  were  those  characterising  a  benzyl  derivative. 
On  heating  it  with  silver  nitrate  solution,  a  precipitate  of  silver 
bromide  was  produced.  A  determination  of  the  total  bromine  gave 
the  following  result : — 
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0*2130  gram  of  the  substance  yielded  0'3210  gram  AgBr. 

Calculated  for 
C6H4Br-CH2Br.  Found. 

Br 64-00  p.  c.  64-13  p.  c. 

From  the  above,  it  will  be  seen  that  the  main  products  of  the 
bromination  of  potassium  tolueneparasulphonate  are  potassium  ortho- 
hromotolueneparasulpJionate,  jparahromutoluene,  and  parabromobenzyl 
bromide. 

The  orthobromosulphonate  is  readil}^  freed  from  every  trace  of  para- 
bromotoluene  in  the  manner  indicated,  and,  on  hydrolysing  the 
purified  salt,  it  affords  an  almost  theoretical  yield  of  orthobromo- 
toluene  of  high  quality.*  The  boiling  point  of  a  sample  prepared  in 
this  manner  was  181*^,  and  its  relative  density  d  15°  116°  =  1-431. 

The  sulphonation  of  orthohromotoluene  has  been  studied  by  Hiibner 
and  Post  (Annalen,  169,  31),  who  state  that  only  one  sulphonic  acid 
is  obtained.  In  my  experiments,  I  found  that  two  isomeric  sulph- 
onic acids  were  invariably  produced,  whether  ordinary  pure  oil  of 
vitriol  or  weakly  fuming  sulphuric  acid  were  employed.  The  main 
product  was  that  obtained  by  Hiibner  and  Post ;  its  barium  salt 
crystallised  with  two  and  its  potassium  with  half  a  molecular  propor- 
tion of  water : — 

04479  gram  of  barium  salt  lost  0*0250  gram  water  at  150°,  and 
yielded  0-1549  gram  BaS04. 

Calculated  for 
(CjH6BrS03)Ba,2H20.  Found. 

H2O 5-35  p.  c.  5-58  p.  c. 

Ba  (in  anhydrous  salt)  .     21*50     „  21-53      „ 

0-4829  gram  of  potassium  salt  lost  0*0149  gram  water  at  150°,  and 
yielded  0*1363  gram  K2SO4. 

Calculated  for 
2C7H6BrS03E:,H20.  Found. 

H2O 3-02  p.  c.  3*08  p.  c. 

K  (in  anhydrous  salt)  . . .      13*49     ,,  13*06     ,, 

*  According  to  Kelbe  (Ber.,  19,  93),  bromotoluenesulphonic  acid  can  only  be 
hydrolysed  when  superheated  steam  is  employed,  the  method  failing  completely 
when  steam  at  100°  is  used.  This,  however,  is  not  the  case  when  the  operation  is 
properly  conducted.  In  my  experiments,  steam  at  100°  was  invariably  employed, 
and  not  only  was  there  no  carbonisation,  but  the  yield  of  bromotoluene  (both  ortho- 
and  para-)  was  very  nearly  quantitative,  as  will  be  seen  from  the  following  two 
examples  :— 76  grams  of  CgHaMeBr-SOaK  [1:2:4]  yielded  41  grams  of  orthohromo- 
toluene, the  theoretical  yield  being  45  grams.  150  grams  of  CfiHaMeBr-SOaKjHsO 
[1:2:5]  yielded  82  grams  of  orthobromotoluene,  the  theoretical  amount  being 
86  grams. 
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For  further  confirmation,  the  potassium  salt  was  boiled  with  zinc- 
dust  in  alkaline  solution ;  ultimately,  the  resulting  toluenesulphonate 
was  converted  into  the  corresponding  toluenesulphonamide :  this 
crystallised  in  needles  melting  at  90 — 91°  (toluenemetasulphonamide), 
thus  confirming  Hiibner  and  Post's  statement  that  in  orthobromo- 
toluenesulphonic  acid,  the  sulphonic  group  is  in  the  meta-position 
relatively  to  the  methyl  radicle.  Whether  it  is  ortho-  or  para-  to  the 
bromine  atom  I  was  unable  to  determine,  but  the  most  probable  con- 
stitution would  appear  to  be  CH3  :  Br  :  SO3H  =  1:2:5.* 

With  the  view  to  ascertain  the  position  of  the  sulphonic  group,  an 
attempt  was  made  to  displace  it  by  means  of  phosphorus  pentabromide. 
The  conversion  into  the  sulphonic  bromide  was  readily  effected ;  the 
product  crystallised  in  massive  prisms  melting  at  58 — 59°.  The 
further  action  of  the  pentabromide,  however,  gave  rise  to  a  viscid 
mass,  from  which  nothing  definite  could  be  obtained. 

The  isomeric  sulphonic  acid  is  produced  in  but  small  quantity,  and 
is  best  separated  from  the  chief  product  by  fractionally  crystallising 
the  barium  salt ;  that  of  Hiibner  and  Post's  acid  separates  first. 

The  more  soluble  salt  crystallised  in  minute  scales,  containing 
1  mol.  H2O. 

I.  0"3868  gram  of  barium  salt  lost  0*0105  gram  water  at  150°,  and 
yielded  0-1391  gram  BaSOi. 
II.  0-3668  gram  lost  0'0098  gram  water. 

Found. 

Calculated  for  f ■'^ ^ 

(C-H6BrS03)2Ba,HoO.  L  II. 

H2O 2-75  p.  c.  2-71  2-67  p.  c. 

Ba  (in  anhydroas  salt)     21-50     ,,  2173  —      „ 

The  corresponding  potassium  salt  was  anhydrous. 

The  constitution  of  this  product  was  determined  by  eliminating  the 
bromine  and  converting  the  resulting  toluenesulphonic  acid  first  into 
the  sulphonic  chloride  and  then  into  the  sulphonamide.  The  former 
was  an  oil,  whilst  the  latter  was  recognised  by  its  melting  point  (154°) 
to  be  tolueneortho sulphonamide.  The  orthobromotoluenesulphonic  acid 
from  which  this  was  obtained  must  therefore  have  the  constitution 


SO3H 


tiou 


*  The  results  obtained  by  Dr.  Wynne  (see  p.  1036)  prove  that  the  acid  in  ques- 
has  the  constitution  here  suggested  as  probable  by  Dr.  Miller. — H.  E.  A. 
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Bibromotoluenes. 

The  bromination  of  the  two  monobromotoluenes  was  conducted 
imder  the  same  conditions  as  those  observed  in  the  bromination  of 
toluene,  except  that  a  longer  time  was  allowed  owing  to  the  sluggish- 
ness of  the  interaction. 

Brortiination  of  Orthobromotoluene. — 27  grams  of  highly  purified 
bromotoluene  and  the  equivalent  amount  of  bromine  were  allowed  to 
interact  for  10  days,  at  the  end  of  which  time  action  appeared  to 
have  ceased.  The  free  bromine  having  been  removed  by  agitating 
the  product  with  dilute  soda  solution,  the  oil  was  separated,  dried, 
and  carefully  fractionated.  The  distillates  obtained  were  as  follows  : — 

I.  Fraction  distilling  at  178 — 190"",    6'0  grams. 
II.         „  „  190— 230^    2-0       „ 

III.         „  „  230-243°,  25-5       „ 

From  this  result  it  is  evident  that  nearly  three-quarters  of  the 
orthobromotoluene  had  become  converted  into  a  liquid  dibromo- 
derivative,  the  remainder  being  unaltered  substance,  whilst  no  tri- 
tribromotoluene  appeared  to  have  been  formed. 

In  order  to  determine  the  nature  of  the  product,  the  fraction  distilling 
between  230°  and  243°  was  oxidised  by  boiling  it  with  dilute  nitric 
acid  (I  vol.  acid  of  rel.  den.  1'42  to  3*5  vols,  water).  A  method  of  this 
kind  is  clearly  not  suited  to  the  accurate  determination  of  the  rela- 
tive amounts  of  isomerides  should  two  or  more  dibro  mo  toluenes  be 
present,  but  I  considered  it  sufficient  to  enable  me  to  detect  with 
certainty  any  great  difference  in  the  amount  of  the  isomerides  pre- 
sent in  the  mixed  product. 

The  oxidation  was  carried  on  until  all  the  oil  had  disappeared,  and 
it  was  found  that  only  a  very  small  proportion  had  become  nitrated. 

The  resulting  dibromobenzoic  acids  were  separated  partly  by  crys- 
tallising their  barium  salts  and  partly  by  crystallising  the  acids. 
The  main  product  was  indicated  by  its  properties  to  be 

COOH 


Br 

It  crystallised  from  alcohol  in  silky  needles  melting  at  153°.  Its 
barium  salt  crystallised  from  its  aqueous  solution  with  6  mols.  H2O, 
and  from  alcohol  with  \\  mols.  H2O. 

I.  Salt  crystallised  from  water. — 0*2861  gram  lost  0*0401  gram  in 
weight  at  100°,  and  yielded  0-0849  gram  BaSOi. 
II.  Salt  crystallised  from  spirit. — 0*3017  gram  lost  0*0100  gram. 
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Found.' 
Calculated  for  , ** 


(C6H3Br2COO)2Ba,6H20,  I.                II. 

H3O 13-45  p.  c.  14-01         3-31  p.  c. 

(CcH3Br2COO)2Ba,liH20. 

H2O 3-74     „  20-29          —      „ 

Ba  (in  anhydrous  salt) 19*71  per  cent. 

An  isomeric  dibromobenzoic  acid  found  in  much  smaller  quantity 
than  the  above  proved  to  be 


It  crystallised  in  needles  melting  at  169°.  Its  barium  salt  contained 
4  mols.  H2O  : — 

0-3795  gram  of  the  salt  lost  0-0359  gram  water  at  120°,  and  yielded 
0-1132  gram  BaSO*. 

Calculated  for 
(C6H3BroCOO)2Ba,4H20.  Found. 

H2O 9-39  p.  c.  9-46  p.  c. 

Ba  (in  anhydrous  salt)  .      19*71     „  19*37     „ 

From  these  results  it  is  evident  that  under  the  conditions  described 
orthobromotoluene  is  in  greater  part  converted  into  dibromotolnenes, 
and  that  the  bromination  takes  place  in  two  directions  :  the  greater 
tendency  being  for  the  substituent  to  displace  the  hydrogen  atom  in 
the  para-position  relatively  to  the  bromine  atom  already  present  in 
the  nucleus,  and  to  a  less  extent  that  present  in  the  para-position  to 
the  methyl  group. 

Bromination  of  Farabromotoluene. — This  was  carried  out  in  the 
same  manner  as  in  the  case  of  the  ortho-compound,  and  the  product 
was  also  treated  as  before.  Although  in  this  case  a  longer  period, 
namely  18  days,  was  allowed  for  the  bromination,  the  proportion  of 
dibromotoluene  produced  was  relatively  smaller;  the  product  con- 
tained a  larger  proportion  of  unaltered  parabromotoluene  and  a  very 
appreciable  quantity  of  tribromotoluene  : — 

I.  Fraction  distilling  below  195°,  19  grams. 

II.  „  „         at  195—235°,  5  grams. 

III.  „  „         at  235—250°,  43  grams. 

The  residue  in  the  distilling  flask  solidified  on  cooling,  and  was 
found  to  be  tribromotoluene  ;  it  crystallised  from  spirit  in  needles 
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melting    at    112 — 113°,  properties   whicli    agree   with    Nevile    and 
Winther's  description  of  the  tribromotoluene  of  the  formula 


the   melting    point    as    stated   by    them    being    111*2 — 112"8°    (this 
Journal,  1880,447). 

0*3257  gram  of  the  substance  yielded  on  analysis  0*5565  gram  silver 

bromide. 

Calculated  for 

CeHgMeBra.  Found. 

Br 72*94  per  cent.  72*71  per  cent. 

With  the  exception  of  parabromotoluene,  this  was  the  only  solid 
bromination  product  of  toluene  which  I  obtained,  and  I  think  it  prob- 
able that  Fittig's  "  dibromo toluene "  melting  at  107 — 108°  was 
really  this  same  tribromo- derivative,  perhaps  not  quite  pure.  Its 
high  melting  point  cannot  otherwise  be  explained,  as  the  constitution 
of  the  six  possible  dibromotoluenes  is  established  (Nevile  and 
Winther,  Trans.,  1880,  37,  451),  and  none  of  these  exhibit  pro- 
perties in  agreement  with  Fittig's  description.  Of  the  tribromo- 
toluenes,  the  one  described  above  is  the  only  one  bearing  any  resem- 
blance to  Fittig's  product. 

The  fraction  235 — 250°  having  been  oxidised  by  dilute  nitric  acid, 
the  resulting  mixture  of  dibromobenzoic  acids  was  examined  as 
before.  Theoretically,  two,  and  only  two,  isomeric  dibromobenzoic 
acids  could  be  present,  namely, 


COOH 

and 

CO 

OH 

Br 

Br 

Br 

Each  of  these  was,  in  fact,  isolated.  The  acid  obtained  in  larger 
quantity  was  found  to  be  that  of  the  formula  [COOH  :  Br  :  Br  = 
1:3:4].  It  melted  at  232" ;  its  barium  salt  crystallised  with 
4  mols.  H2O  :  — 

02803  gram  of  salt  lost  0*0264  gram  water  at  150°,  and  yielded 
0*0854  gram  BaSO,. 

Calculated  for 

(C6H3Br2-COO)2Ba,4H20.  Found. 

H2O 9*39  p.  c.  9*42  p.  c. 

Ba  (in  anhydrous  salt)     19*71     „  19*80     „ 
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The  isomeride  [COOH  :  Br  :  Br  =  1  :  2  :  4]  was  also  obtained  in 
considerable  quantity  ;  it  crystallised  in  needles  melting  at  169°,  and  its 
properties  were,  in  fact,  identical  with  those  of  the  main  oxidation 
product  of  the  dibromotoluene  from  orthobromotoluene. 

Parabromotoluene  is  thus  shown  to  give  rise  to  two  dibromo- 
toluenes  on  bromination,  namely, 


CH 


and 


Br 


Br 


the  latter  of  which  appears  to  be  produced  in  the  larger  proportion. 
The  products  from  orthobromotoluene  were  as  already  stated. 


CH, 


Br 


Q. 


(chief  product)  and 


The  latter  of  these  being  a  product  of  the  bromination  of  both 
ortho-  and  para-bromotoluene,  three  different  isomeric  dibromotoluenes 
may  be  said  to  result,  under  the  conditions  indicated,  from  the  brom- 
ination of  ortho-  and  para-bromotoluene,  and  hence  from  that  of 
toluene  itself. 

Whether  the  same  result  would  be  arrived  at  by  the  direct  treat- 
ment of  toluene  with  2  molecular  proportions  of  bromine  I  have  not 
been  able  to  ascertain,  my  experiments  having  been  brought  to  an 
end  through  my  leaving  London.  The  results  I  have  recorded  do, 
however,  indicate  the  different  stages  in  the  formation  of  the  three 
dibromotoluenes  and  also  of  the  tribromo- derivative  obtainable  from 
toluene.  This  is  shown  in  the  following  symbols,  in  which  the 
numbers  indicate  the  order  in  which  bromine  atoms  have  entered  the 
nucleus  : — 


CH. 


(2)  Br 


Br(l) 


CH3 


Br  (1) 


and 


Br  (2) 


|Br(2) 


Br(l) 


CH3 


Br(2) 


Br(l) 


In  the  case  of  the  tribromotoluene  which  was  obtained  from  para- 
bromotoluene,  either  of  the  two  following  symbols  might  be  taken  to 
represent  the  stages  of  its  formation,  namely, 
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or 
(2)  Brl       J  (3)  Br 

Br(l)  Br(l) 

The  first  of  these  must,  however,  be  considered  the  correct  one.     The 
second  symbol   represents   the  tribromotolnene  to  be  derived  from 
CH3 

,  and  inasmuch  as  the  latter  is  a  product  of  the  bromination 

of  both  ortho-  and  para-bromotoluene,  it  is  to  be  expected  that  the 
tribromo-derivative  would  be  obtained  from  both  ortho-  and  para- 
bromotoluene,  but  this  was  not  found  to  be  the  case.  Assuming  the 
first  symbol  to  be  correct,  the  formation  of  the  tribromo-derivative 
from  parabromotoluene,  and  its  non-formation  from  orthobromotoluene, 
is  at  once  explained. 

A  point  of  some  interest  in  connection  with  the  above  experiments 
is  brought  out  on  comparing  the  results  with  those  obtained  by  Seelig 
in  the  course  of  experiments  on  the  chlorination  of  toluene  (Amicclen, 
237,  129 — 181).  The  conditions  of  chlorination  which  Seelig  adopted 
certainly  differed  from  those  which  I  have  described  as  adopted  in 
my  experiments  on  the  bromination  of  toluene,  but  the  differences 
between  the  chlorination  and  bromination  products  is  more  striking, 
I  consider,  than  would  have  been  expected.  Seelig  found,  for  in- 
stance, that  orthochlorotoluene  yielded  as  main  product  1:2:  3-di- 
chlorotoluene  together  with  a  smaller  proportion  of  the  1:2:4 
isomeride,  whereas  parachlorotoluene  yielded  solely  1:2:  4-dichloro- 
toluene.* 

Chemical  Department, 

City  and  Guilds  of  London  Central  Institution, 
Exliihition  Boad. 


*  Dr.  Wynne,  approaching  the  question  from  a  different  point  of  view,  is  also 
led  (see  footnote,  p.  1051)  to  think  that  Seelig's  conclusions  are  remarkable.  He 
therefore  jiroposes  to  re-examine  the  products  obtained  on  chlorinating  orthochloro- 
toluene.—H.  E.  A. 
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LXXXVII.^ — Note  on  the  Constitution  of  Nevile  and  Winther's  Ortlw- 
toluidinesulphonic  Acid  and  of  the  Sulphonic  Acids  of  Orthochloro- 
and  Ortho-hromotoluene. 

By  W.  Palmer  Wynne,  D.Sc. 

N'evile  and  Wintlier  (Trans.,  1880,  37,  626)  found  that  when  ortho- 
toluidine  hydrogen  sulphate  is  heated  at  220 — 230°,  or  on  a  sand-bath 
with  constant  stirring  until  the  fused  mass  becomes  solid,  a  single 
orthotoluidinesulphonic  acid  is  produced  ;  they  ascertained  that  this 
acid  contains  its  sulphonic  radicle  in  the  meta-position  relatively  to 
the  methyl  group,  and  it  has  therefore  a  constitution  represented  by 
one  of  the  two  formulae 

Me  Me 

SO3H  SO3 

I.  11. 

Numerous  experiments  were  made  with  the  object  of  deciding- 
bet  ween  the  formulae,  and  although  no  entirely  satisfactory  con- 
clusion was  arrived  at,  an  examination  of  the  products  obtained  by 
the  action  of  bromine  on  the  acid  seemed  to  show  that  it  has,  in  all 
probability,  the  constitution  represented  by  the  second  symbol — ^a 
view  which  has  met  general  acceptance. 

Claus  and  Immel  {Annalen,  265,  67),  after  verifying  the  state- 
ments of  Nevile  and  Winther  with  reference  to  the  action  of  bromine 
on  the  acid,*  found  that  the  orthotoluidinesulphonic  acid  is  con- 
vertible into  an  orthocresolsulphonic  acid  identical  with  that  obtained 
by  Claus  and  Jackson  (/.  j9r.  Chem.  [2],  38,  330)  by  the  sulphonation 
of  orthocresol.  As  the  constitution  [Me  :  OH  :  SO3H  =  1:2:5]  as- 
signed by  Claus  and  Jackson  to  their  acid  was  arrived  at  by  analogy 
only  and  not  by  any  direct  proof,  the  problem  still  lacks  the  experi- 
mental evidence  necessary  for  its  complete  solution. 

*  Tt  is  notewortliy  that  on  p.  70  of  their  paper,  Claus  and  Immel  make  the  follow- 
ing statement :  "  Durcli  Erliitzen  mit  Salzsaure  im  geschlossenen  Eohr  auf  120°  bis 
130°  wird  die  o-Brom-o-toluidin-p-sulfonsaure,  wie  selion  Neville  und  Wintlier 
angegeben  haben,  leicht  entsulfonirt,  indem  das  o-Brom-o-toluidin  das  in  bei  56" 
(uncorr.)  schmelzenden  Nadeln  Krjstallisirt,  entsteht."  A  reference  to  Nevile  and 
Wintlier's  paper  shows  that  1:2:  3-bromorthotoluidine  [Me  :  NHg  :  Br  =  1:2:3] 
is  a  liquid  {loc.  cit.,  p.  630 ;  £er.,  13,  1945),  that  1:2:  5-bromorthotoluidine  melts 
at  55—56°  {loc.  cit.,  pp.  31,  435  ;  £er.,  13,  963,  965),  and  that  a  mixture  of 
dibromorthotoluidine  (m.  p.  43 — 44°),  1:2:  5-bromorthotoluidine,  and  1:2:3- 
bromorthotoluidine  results  from  the  hydrolysis  with  hydrochloric  acid  at  160°. 
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To  ascertain  the  constitution  of  N^evile  and  Winther's  acid,  the 
following  method  has  been  employed.  The  metabromorthotoluidine- 
metasnlphonic  acid,  obtained  as  described  by  these  chemists  by  the 
careful  bromination  of  the  amido-acid,  was  converted  by  Sand- 
meyer's  method  into  the  corresponding  dibromotoluenemetasulphonic 
acid, 

Me  Me 

Br 


Br 


SO3H 


\y 


Br 


On  eliminating  the  sulphonic  radicle,  this  afforded  dibromotoluene, 
presenting  all  the  characters  of  1:2:  3-dibromotoluene,  whence  it 
follows  that  N'evile  and  Winther's  orthotoluidinemetasulphonic  acid 
has  the  constitution  commonly  assigned  to  it, 

Me 


The  orthochlorotoluenesulphonic  acid  (compare  following  paper, 
p.  1072)  and  orthobromotoluenesulphonic  acid  (compare  Nevile  and 
Winther,  loc.  cit.,  p.  628;  Miller,  preceding  paper,  p.  1023),  obtained 
respectively  from  orthochlorotoluene  and  orthobromotoluene  by  sulph- 
onation,  also  contain  the  sulphonic  radicle  in  the  meta-position 
lelatively  to  the  methyl  group.  As  these  acids  were  found  to  be 
identical  with  the  corresponding  products  obtained  by  Sandmeyer's 
method  from  Nevile  and  Winther's  acid,  it  follows  that  they  likewise 
are  1:2:  6-derivatives. 

JExperimental  Part. 

Orthotoluidinemetasulphonic  acid  was  prepared  from  orthotoluidine 
hydrogen  sulphate  by  Nevile  and  Winther's  method,  and  purified  by 
crystallisation  of  its  sodium  salt.  The  acid  crystallised  in  needles 
with  1  mol.  H2O,  and  the  sodium  salt  in  elongated  scales  with  4  mols. 
H2O,  facts  in  agreement  with  the  published  description. 

Metabromorthotoluidinemetasulphonic  acid  was  prepared  by  slowly 
adding  the  calculated  quantity  of  bromine  in  aqueous  solution  to  a 
cold  2  per  cent,  aqueous  solution  of  the  acid.  It  crystallised  from  the 
concentrated  solution  in  lustrous  needles  with  1  mol.  H2O,  and  the 
barium  salt  in  long,  lustrous  needles  with  3  mols.  H2O,  as  described 
by  Glaus  and  Immel.  The  potassium  salt,  C6H2Me(NH2)Br*S03K, 
crystallised  in  anhydrous,  thin,  lustrous  scales,  easily  soluble  in 
water,  and  the  sodium  salt,  C6H2Me(NH2)Br-S03Na  +  I8IT2O,  crys- 
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tallised  from  a  syrupy  solution  in  small,  apparently  rectangular 
prisms,  wliich,  on  exposure  to  the  air,  rapidly  effloresced  with  the 
loss  of  all  but  a  half  molecular  proportion  of  the  water  of  crystallisa- 
tion. 

I.  0*4578  gram  of  the  potassium  salt  lost  0*0002  gram  at  175", 
and  gave  0*1296  gram  K2SO4. 

Calculated  for 
CeH2Me(NH2)Br-S03E:.  Found. 

K 12*83  12*70 

II.  2*6322  grams  of  the  crystallised  sodium  salt,  after  rapidly 
drying  by  pressure  between  filter  paper,  lost  1*3896  grams 
at  175°. 

Calculated  for 
C6H2Me(NH2)-BrS03Na  H-  I8H2O.         Found. 
H,0 52*94  52*79 

III.  0*4258  gram  of  the  effloresced  sodium  salt  lost  0*013  gram  at 
175°,  and  gave  0*101  gram  NaoSO^. 

Calculated  for 

C6H2Me(NH2)Br-S03Na  +  iHoO.  Found. 

HoO 3*03  3*05 

Na  (in  dry  salt)...      8*00  7*92 

To  further  characterise  the  metabromorthotoluidinesulphonic  acid, 
it  was  treated  with  excess  of  bromine  in  aqueous  solution.  The  re- 
sulting dibromorthotoluidine,  after  distillation  with  steam  and  crys- 
tallisation from  alcohol,  was  found  to  melt  at  50°^  as  stated  by  Claus 
and  Immel,  and  not  at  45 — 46"  as  given  by  Nevile  and  Winther. 

Orthometadihromoto luenemetasuljphonic  Add. 

To  obtain  this  acid,  225  grams  of  the  metabromamido-acid  in  a 
finely  divided  condition  were  suspended  in  water  containing  rather 
more  than  the  calculated  quantity  of  hydrogen  bromide,  diazotised 
with  20  joer  cent,  sodium  nitrite  solution,  and  slowly  added  to  a  cold 
solution  of  cuprous  bromide  in  hydrobromic  acid.  A  vigorous  evolu- 
tion of  gas  at  once  took  place.  After  removal  of  the  copper  salt  by 
means  of  hydrogen  sulphide,  an  almost  theoretical  yield  of  clean 
sodium  dibromotoluenesalphonate  was  obtained  by  evaporation. 

Barhim  dihromotoluenesulphonate,  (C6H2MeBr2*S03)2Ba  -|-  3JH2O, 
crystallised  in  thin,  long  needles,  and  dissolved  sparingly  in  hot 
water. 

0*425  gram  of  substance  lost  0*0306  gram  at  195^,  and  gave  0*116 
ram  BaSO^. 
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Calculated  for 
(C6H2MeBr2-S03)oBa  +  S^HcO.         Found. 

H2O 7-34  7-20 

Ba  (in  dry  salt)  . .      17-21  17-28  . 

Potassium  dibromotolue^iesulphonate,  C6H2MeBr2*S03K,  crystallised 
in  lustrous,  long  needles  which  were  tolerably  soluble  in  hot  water. 

0*4436  gram  of  substance  lost  0*0008  gram  at  195°,  and  gave  0*107 

gram  K2SO4. 

Calculated  for 
CsHsMeBrs-SOaK.  Found. 

K 10-60  10*83 

Sodium  dibromotoluenesulphonate,  C6H2MeBr2'S03]Sra  +  H2O,  crys- 
tallised in  tufts  of  thin,  long,  flat  needles,  and  was  tolerably  soluble  in 
hot  water. 

0*4198  gram  of  the  salt  lost  0*0206  gram  at  190°,  and  gave  0*0802 
gram  !N'a2S04. 

Calculated  for 
CgH.MeBro-SOaNa  +  HoO.        Found. 

H2O 4-86  4*91 

Na  (ill  dry  salt).  . .      6*53  6*50 

Bihromotoluenesidplionic  chloride,  C6H2MeBr2*S02Cl,  crystallised 
from  light  petroleum  (b.  p.  80°)  or  benzene  in  small,  four-sided 
prisms,  and  from  alcohol  in  radiate  groups  of  needles.    It  melted  at  93°. 

0*2361  gram  of  substance  gave,  by  the  Carius  method,  0*3517  gram 
of  mixed  AgCl  and  AgBr. 

Calculated  for 
CgHsMeBro-SOaCl.  Found. 

Cl,Br 56-6'9  56*06 

Dihromotoluenesulphonic  h'omide,  C6H2MeBr2*S02Br,  crystallised 
from  light  petroleum  (b.  p.  80°),  in  which  it  was  somewhat  sparingly 
soluble,  in  radiate  groups  of  needles,  and  melted  at  97°. 

0*2579  gram  of  substance  gave,  by  the  Carius  method,  0*3707  gram 
AgBr. 

Calculated  for 
CgHsMeBrgSOsBr.  Found. 

Br 61*07  61*17 

The  sulphonamide,  obtained  by  heating  either  the  chloride  or  the 
bromide  with  alcohol  and  ammonia,  crystallised  in  small,  sparingly 
soluble  prisms,  and  melted  at  214°. 

To  determine  the  orientation  of  the  bromine  in  this  acid,  100  grams 
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of  the  sodium  salt  were  heated  with  400  graras  of  syrupy  phosphoric 
acid,  and  hydrolysed  by  superheated  steam.  The  operation  was 
attended  with  much  frothing,  and  was  completed  in  the  course  of 
two  hours.  The  product  was  distilled  with  steam,  and.  amounted  to 
.59  grams  of  crystalline  dibromotoluene  (87  per  cent,  of  the  theoreti- 
cal) and  5  grams  of  an  oil  which  did  not  completely  crystallise 
on  standing,  and  was  not  further  examined.  The  dibromotoluene 
fased  readily  under  warm  water,  and,  on  cooling,  crystallised  in  large, 
flat  prisms  of  a  glassy  lustre.  It  melted  at  30 — 31°,  instead  of  at 
27'4 — 27*8°  as  given  by  Nevile  and  Winther. 

0*2717  gram  of  substance  gave,  by  the  Carius  method,  0'4086  gram 
AgBr. 

Calculated  for 

CgHaMeBra.  Found. 

Br 64-00  63-99 

The  nitro- derivative,  obtained  by  treating  this  dibromotoluene  with 
nitric  acid  (sp.  gr.  1-500),  crystallised  from  alcohol,  in  which  it  was 
sparingly  soluble,  in  short,  pale  yellow  needles  which  matted  together 
by  gentle  pressure,  and  melted  at  59°. 

These  properties  are  sufficient  to  identify  this  dibromotoluene  with 
the  1:2:  3-derivative  (compare  Nevile  and  Winther,  loc.  cit.,  434, 
435),  and  to  prove  that  Nevile  and  Winther's  metabromorthotoluidine- 
metasulphonic  acid  has  the  constitution  [Me  :  NHg  :  Br  :  SO3H  = 
1:2:3:5],  and  their  orthotoluidinemetasulphonic  acid  the  constitu- 
tion [Me  :  NH2  :  SO3H  =  1:2:5]. 

1:2:  5-Orthochlorotoliie7iesulphonic  Acid. 

This  acid  was  prepared  by  diazotising  finely  divided  orthotoluidine- 
sulphonic  acid  suspended  in  w^ater  containing  the  requisite  amount 
of  hydrogen  chloride  with  20  per  cent,  sodium  nitrite  solution,  and 
stirring  the  product  into  a  cold  solution  of  cuprous  chloride.  After 
the  vigorous  action  was  complete,  the  copper  was  removed  by  means 
of  hydrogen  sulphide.  On  evaporating  the  filtrate,  sodium  ortho- 
chlorotoluenesulphonate  was  obtained  in  long,  striated  prisms  asso- 
ciated with  a  half  molecular  proportion  of  water. 

1:2:  5-Orthochlorotoluenesulphonic  chloride,  CeHgMeChSOgCl 
crystallised  from  light  petroleum  (b.  p.  80°)  in  elongated  prisms  of 
l^early  lustre,  and  from  benzene,  in  which  it  was  easily  soluble,  in 
elongated,  flat  prisms,  and  melted  at  65°.*  Mr.  W.  J.  Pope  states 
that  the  crystals  are  crystallographically  identical  with  those  of  the 
chloride  obtained  from  the  sulphonation  product  of  orthochlorotoluene. 

*  This  melting  point  is  about  5°  higher  than  that  previously  recorded  (cf. 
following  paper,  p.  1074). 
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0*2315  gram  of  substance  gave,  hy  the  Carius  method,  0-2953  gram 
AgCl. 

Calculated  for 
CcHaMeCl-SOsCl.  Found. 

Gl 31/55  31-56 

1:2:  Q-Ortlwchlorotoluenesul'plionic  hroviide,  C6H3MeCl*S02Br,  crys- 
tallised from  light  petroleum  in  elongated  prisms,  and  from  benzene, 
in  which  it  was  readily  soluble,  in  thin,  flat  prisms.     It  melted  at 

(37-5°. 

0-2493  gram  of  substance  gave,  by  the  Carius  method,  0-3067  gram 
of  mixed  AgCl  and  AgBr. 

Calculated  for 
CfiHaMeCl-SOoBr.  Found. 

Cl,Br 42-87    '  42-86 

The  sulphonamide,  prepared  either  from  the  chloride  or  the  brom- 
ide, crystallised  from  dilute  alcohol  in  thin,  glistening  scales,  and 
melted'at  128°. 

1:2:  ^-OrtJiobromotolue7tesulp1io7i{c  Acid. 

This  acid  was  prepared  from  orthotoluidinesulphonic  acid  by  the 
method  already  described  under  dibromotoluenesulphonic  acid.  The 
conversion  of  the  diazo-compound  by  means  of  cold  cuprous  bromide 
solution  left  nothing  to  be  desired,  and  the  sodinm  salt  obtained, 
after  precipitating  the  copper  with  hydrogen  sulphide  and  con- 
centrating the  filtrate,  crystallised  in  colourless,  striated  prisms  with 
^  mol.  H2O.     The  barium  salt  crystallised  with  2  mols.  H2O. 

1:2:  5-Orthobromotoluenesulphonic  chloride,  CeHaMeBr'SOgCl, 
crystallised  from  light  petroleum  in  elongated  prisms  very  similar  in 
appearance  to  those  of  orthochlorotoluenesulphonic  acid,  and  from 
benzene,  in  which  it  was  easily  soluble,  in  elongated,  flat  prisms.  It 
molted  at  61°.* 

0-2428  gram  of  substance  gave,  by  the  Carius  method,  02991  gram 
of  mixed  AgCl  and  AgBr. 

Calculated  for 
CgHaMeBrSOaCl.  Found. 

Cl,Br 42-87  42*92 

1:2:  5-Orthobromotoluenesulphonic  bromide,  CeHaMeBr'SOaBr, 
crystallised  from  light  petroleum  in  small,  glistening  scales,  and 
melted  at  63-5°.^ 

*  This  melting  point  is  about  5°  higher  than  that  previously  recorded  (cf. 
following  paper,  p.  1074). 
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0*2378  gram  of  substance  gave,  by  the  Carius  method,  0*2845  gram 
AgBr. 

Calculated  for 
CgHaMeBrSOoBr.  Found. 

Br 50-96  50-91 

The  sulphonamide,  prepared  either  from  the  chloride  or  the  brom- 
ide, crystallised  from  dilute  alcohol  in  long,  slender  needles,  and 
melted  at  147°. 

The  sulphonic  chlorides  and  bromides  described  in  this  paper  are 
being  examined  by  Mr.  W.  J.  Pope  with  the  object  of  determining 
their  crystallographical  relationships.  The  halogen  determinations 
in  these  compounds  were  made  by  Mr.  R.  L.  Jenks,  to  whom  the 
author's  thanks  are  due  for  the  assistance. 


LXXXYITl. — Action  of  Sulphuryl  Chloride  on  Acetorthotoluidide  and 
Acetoparatoluidide.      Mono-,    JDi-,    and    Tri-chlorotoluenesulphonic 

Acids. ^ 

By  W.  Palmer  WyNx^e,  D.Sc. 

The  first  investigation  of  the  behaviour  of  sulphuryl  chloride  with 
benzenoid  derivatives  was  made  by  Dubois  in  1866,  who  found  that 
benzene  and  phenol  were  converted  by  its  action,  not  into  the 
expected  sulphonic  chlorides,  but  into  chlorobenzene  and  chloro- 
phenol  respectively,  with  the  evolution  of  sulphur  dioxide  and 
hydrogen  chloride  (Zeit.  filr  Chem.  [2],  2,  705).  Subsequent  exami- 
nation of  the  action  of  the  chloride  on  aniline  and  acetanilide 
(Wenghoffer,  J.  idt.  Chem.  [2],  16,  449),  phenol  (Gordon,  Proc.  Chem. 
Soc,  1891,  64),  resorcinol  (Reinhard,  /.  pr.  Chem.  [2],  17,  322), 
naphthalene  (Armstrong,  Proc.  Chem.  Soc,  1891,  61),  and  ^-naphthol 
(Armstrong  and  Rossiter,  Proc.  Chem.  Soc,  1889,  72 ;  1891,  32)  has 
only  served  to  confirm  the  conclusion  arrived  at  by  Dubois,  that  in 
its  reactions  with  aromatic  compounds  sulphuryl  chloride  suffers 
decomposition  into  its  generators,  sulphur  dioxide  and  chlorine,  the 
latter  then  effecting  substitution  in  the  normal  way. 

The  work  embodied  in  this  paper  was  the  outcome  of  an  investi- 
gation undertaken  with  the  object  of  preparing  1:3:  4-metapara- 
dichlorotoluene  in  considerable  quantity  for  use  in  the  synthesis  of 

*  From  the  thesis  submitted  in  May,  1892,  for  the  D.Sc.  degree  of  the  Uniyer- 
sity  of  London. 
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the  1:2:1'-  and  2:3:  I'-dichlor-a-naplitliols  which  Professor  Arm- 
strong and  the  author  were  desirous  of  examining  in  connection  with 
their  investigation  of  the  tri- derivatives  of  naphthalene.  This  sub- 
stance, according  to  Seelig,  does  not  occur  among  the  chlorination 
products  of  toluene  (Annaleoi,  237,  168),  and  has  always  been  ob- 
tained from  1:3:  4-metachloroparamidotoluene  by  the  diazo-reaction. 

Metachloroparatoluidine  was  first  prepared  by  Wroblewsky  from 
paratoluidine  by  chlorination  of  its  acetyl  derivative  suspended  in 
ice-cold  water,  and  subsequent  elimination  of  the  acetyl  radicle 
(Annalen,  168,  196).  The  product,  however,  was  not  isolated  in  the 
pure  state  (c/.  Lellmann  and  Klotz,  Annalen,  231,  310),  and  the 
method  was  therefore  altered  by  Lellmann  and  Klotz,  chlorine  being 
passed  through  an  ice-cold  solution  of  acetoparatoluidide  in  six  times 
its  weig^  t  of  acetic  acid,  bat  even  under  these  improved  conditions 
accom;janied  by  the  observance  of  special  precautions,  metachloraceto- 
para  .oluidide  was  only  obtained  "  mit  wechselndem  Erfolg  und  in 
au'-.serst  schlechter  Ausbeute  "  {loc.  cit.).  The  only  other  mode  of 
r^'eparation  of  metachloroparatoluidine  on  record  at  the  time  the 
present  work  w^as  commenced  (November,  1890)  involved  the  chlorin- 
ation of  a  solution  of  paratoluidine  hydrochloride  in  15  times  its 
weight  of  40  per  cent,  hydrochloric  acid  (Hafner,  Ber.,  22,  2536). 

The  difficulty  to  be  overcome  in  the  preparation  of  metachloropara- 
toluidine by  these  methods  was  apparently  the  tendency  of  the  action 
of  chlorine  to  proceed  further  with  the  production  of  dichloropara- 
toluidiue  on  the  one  hand  and  of  much  resinous  matter  on  the 
other.*  It  seemed  probable  that  sulphuryl  chloride  might  prove  a 
more  convenient  chlorinating  agent  than  chlorine  for  this  purpose, 
because  in  the  case  of  /3-naphthol,  the  only  recorded  instance  of  a 
difference  in  the  extent  or  nature  of  the  action  of  these  two  chlor- 
inating agents,  it  had  been  found  that  sulphuryl  chloride  gave  the 
less  complex  product,  the  action  of  one  molecular  proportion  of  the 
chloride  ending  in  the  (quantitative)  formation  of  1  :  2-chloro-/3- 
naphthol  (Armstrong  and  Rossiter,  loc.  cit.)  instead  of  proceeding 
further,  as  in  the  case  of  chlorine  (Zincke  and  Kegel,  JBer.,  21,3384), 
with  the  production  of  additive  keto-com  pounds. 

Preliminary  experiments  with  the  chloride  soon  made  it  clear  that 
the  resulting  product  was  certainly  not  less  complex  than  that  ob- 
tained by  the  use  of  chlorine.  On  the  other  hand,  however,  a  good 
yield  of  chlorinated  base  was  obtained,  and  as  the  method  of  prepa- 

*  This  difficulty,  so  far  as  the  production  of  higher  chlorinated  derivatives  is 
concerned,  has  recently  been  successfully  met  by  Lellmann,  who  has  obtained  a 
40 — 42  per  cent,  yield  of  pure  cliloroparatoluidine  by  passing  chlorine  diluted  with 
twice  its  volume  of  carbon  dioxide  through  an  ice-cold  solution  of  acetoparatoluidide 
in  eight  times  its  weight  of  acetic  acid  {Ber.,  24,  4111). 
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ration  was  a  convenient  one  in  many  respects,  it  was  employed  in  the 
chlorination  of  5  kilos,  of  acetoparatoluidide.  In  dealing  with  large 
quantities  of  material  in  this  way,  it  became  of  interest  to  examine 
the  secondary  products  of  the  action  of  sulphuryl  chloride  on  aceto- 
paratoluidide with  the  object  of  comparing  them  with  those  known 
to  be  formed  by  the  action  of  chlorine  on  that  substance.  Further, 
in  view  of  the  complex  nature  of  the  product  from  the  para-com- 
pound, it  seemed  desirable  to  examine  the  action  of  the  chloride  on 
the  ortho-derivative,  since  acetorthotoluidide  was  not  known  to  give 
more  than  one  chloro- derivative  on  treatment  with  chlorine. 

The  chlorination  was  conducted  by  suspending  the  finely-powdered 
acetyl  derivative  in  carbon  bisulphide  and  gradually  adding  the 
sulphuryl  chloride.  After  the  reaction  was  ended  and  the  carbon 
bisulphide  removed  by  distillation,  the  product  was  hydrolysed  with 
concentrated  hydrochloric  acid,  and  the  base  liberated  from  the  re- 
sulting hydrochloride  by  means  of  sodium  carbonate.  The  product 
from  acetorthotoluidide  was  easily  purified  by  fractional  distillation.  An 
attempt  was  also  made  to  separate  the  vai^ious  products  from  aceto- 
j)aratoluidide  by  fractional  distillation,  but  as  no  satisfactory  result 
seemed  likely  to  ensue,  and  as  1:3:  4-dichlorotoluene  was  required 
for  other  purposes,  it  was  abandoned  and  the  products  identified  by 
substituting  chlorine  for  the  NH^  radicle  by  Sandmeyer's  method, 
and  separating  the  corresponding  chloro  toluenes  partly  by  fractional 
distillation  and  partly  by  fractional  sulphonation. 

The  results  arrived  at  in  the  course  of  the  work  indicate  a  very 
close  correspondence  between  the  action  of  sulphuryl  chloride  and  of 
chlorine  on  each  of  the  acetylated  bases,  both  in  the  extent  to  which 
substitution  proceeds  and  in  the  relative  positions  assumed  by  the 
halogen  in  the  molecule. 

Acetorthotoluidide,  on  chlorination  with  a  molecular  proportion  of 
sulphuryl  chloride,  is  almost  exclusively  converted  into 

Me 
/^^,NHAc 

c,M 

the  proportion  of  higher  chlorinated  derivatives  being  extremely 
small.  The  result  of  the  action  of  a  molecular  proportion  of  chlorine, 
according  to  Lellmann  and  Klotz  (Annalen,  231,  317)  is  the  forma- 
tion of  the  same  1:2:  5-chloracetorthotoluidide  as  sole  product. 

Acetoparatoluidide,  on  the  other  hand,  when  chlorinated  by  means 
of  a  molecular  proportion  of  sulphuryl  chloride,  yields  a  complex 
product  in  which  the  following  chloro- derivatives  seem  to  be  present, 
although  only  the  first  two  have  actually  been  identified  by  means  of 
their  derivatives  :  — 


AGETORTHOTOLUIDIDE  AND  ACETOPARATOLUIDIDE.   1045 
Me  Me  Me  Me 

.  Jci  cil    Jci  ci'    Jci  cil     'ci 

NHAc  NHAc  NHAc  NHAc 

The  result  of  the  action  of  a  molecular  proportion  of  chlorine  on 
acetoparatolnidide  in  an  ice-cold  acetic  acid  solution  is  the  formation 
of  the  same  mono-  and  di-chloracetoparatoluidide*  (Lellmann  and 
Klotz,  loc.  cit.).  With  both  chlorinating  agents,  1:3:  4-chloraceto- 
paratoluidide  is  the  chief  product,  the  higher  chlorinated  derivatives 
being  formed  only  in  relatively  small  proportion. 

The  rpmarkable  difference  in  the  extent  to  which  chlorination  by 
means  M'  sulphuryl  chloride  proceeds  in  the  two  cases  is,  no  doubt,  to 
be  at'x'ibuted  largely  to  the  fact  that  while  chloracetorthotoluidide,  like 
the  two  acetotoluidides,  is  practically  insoluble  in  carbon  bisulphide, 
cMoracetoparatoluidide  is  dissolved  to  a  considerable  extent,  and  the 
chloride,  therefore,  in  the  later  stages  of  the  reaction,  has  the  choice 
of  acting  either  on  the  insoluble  acetoparatoluidide  or  on  the  dissolved 
monochloro-derivative. 

In  the  course  of  the  examination  of  the  sulphonation  products  of 
the  mixed  chlorotoluenes,  it  became  necessary  to  prepare  ortho-  and 
para-chlorotoluenesulphonic  acids  for  the  purposes  of  comparison, 
and  the  opportunity  was  also  taken  to  sulphonate  metachlorotoluene. 
The  results  arrived  at  in  the  case  of  parachlorotoluenesulphonic 
acid  are  not  in  complete  accordance  with  those  obtained  by  Vogt  and 
Henninger  (Annales  de  Ghim.  et  Phys.  [4],  27,  130),  and  by  Hiibner 
and  Majert  {Ber.,  6,  791),  agreeing  better  with  those  of  the  former 
chemists.  The  examination  of  these  sulphonic  acids  is  being  con- 
tinued with  a  view  of  determining  their  structure,  since  it  is  note- 
worthy that  1 :  2-  and  1  :  3-chloro-,  1:2:5-  and  1:3:4-  dichloro-,  and 
1:3:4:  5-trichloro-toluene  seem  each  to  give  only  one  sulphonic 
acid  on  sulphonation,  1 : 4-chlorotoluene  yielding  a  mixture  of  two 
containing  the  1:3:  4-parachlorotoluenenietasulphonic  acid  as  chief 
product. 

I.  Action  of  Sulphuuyl  Chloeide  on  Acetorthotoluididk. 

Acetorthotoluidide  was  prepared  by  boiling  750  grams  of  ortho- 
toluidine  with  1000  grams  of  glacial  acetic  acid  for  13  hours,  stirring 
the  product  into  water,  and  afterwards  crystallising  from  alcohol. 

*  By  passing  a  rapid  stream  of  clilorine  through  a  boiling  solution  of  acetopara- 
toluidide  in  its  own  weight  of  acetic  acid,  Erdmann  obtained  the  1:3:  4-cliloro- 
derivative  as  cliief  product,  together  with  a  diclilorotoluidine  which  was  not 
examined  {Ber.,  24,  2768). 
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The  yield  of  pure  acetyl  derivative  melting  at  107°  was  found  to  be 
757  grams. 

The  clilorination  was  carried  out  in  the  following  way: — The 
finely  powdered  acetorthotoluidide  (150  grams)  was  suspended  in 
five  times  its  weight  of  dry  carbon  bisulphide,  and  150  grams  of 
sulphuryl  chloride  slowly  added  in  the  cold,  with  frequent  shaking, 
from  a  stoppered  funnel.  The  flask  was  attached  to  a  long  reflux 
condenser  connected  with  the  draught  to  provide  for  the  escape  of 
the  sulphur  dioxide  and  hydrogen  chloride  evolved  in  the  reaction. 
A  smaller  proportion  of  carbon  bisulphide,  450  grams,  was  employed 
in  the  first  experiment,  but  as  loss  of  the  chloride  took  place  owing  to 
the  vigorous  nature  of  the  reaction,  the  quantity  was  increased  to 
750  grams  in  the  later  operations.  The  addition  of  the  sulphuryl 
chloride  was  usually  completed  in  an  hour,  and  as  soon  as  the  action 
in  the  cold  became  slight,  the  flask  was  gradually  warmed  in  a  water- 
bath  to  the  boiling  point  of  the  carbon  bisulphide  and  kept  at  that 
temperature  until  all  action  ceased.  The  product,  instead  of  dissolv- 
ing in  the  bisulphide  like  that  obtained  from  acetoparatoluidide, 
collected  in  small  lumps  at  an  early  stage  of  the  reaction,  and  some  of 
the  acetorthotoluidide  no  doubt  escaped  chlorination  from  this  cause. 
After  removal  of  the  carbon  bisulphide  by  distillation,  chloracet- 
orthotoluidide  w^as  left  as  a  dry,  granular  mass  in  the  flask. 

The  product  was  hydrolysed  by  heating  the  contents  of  the  flask 
wdth  400  grams  of  hot  hydrochloric  acid  (sp.gr.  1*16)  in  a  water- 
bath.  After  a  short  time,  a  uniform  solution  was  obtained  which  on 
further  heating  for  about  15  minutes  began  to  deposit  crystals,  and 
was,  therefore,  at  once  poured  into  a  beaker  and  left  to  crystallise. 
The  hydrochloride  separated  as  a  mass  of  beautiful,  highly  lustrous, 
thin  plates,  sparingly  soluble  in  hydrochloric  acid  or  water.  After 
filtration  and  washing,  it  was  converted  into  the  base  by  suspending  it, 
in  quantities  of  about  50  grams,  in  hot  water  in  a  reflux  apparatus 
and  adding  aqueous  sodium  carbonate  from  time  to  time  until 
effervescence  ceased  and  the  liquid  became  permanently  alkaline. 

The  base  obtained  in  this  way  from  750  grams  of  acetorthotoluidide 
was  purified  by  distillation  with  steam,  the  operation  requiring  very 
nearly  18  hours  for  its  completion.  During  the  first  seven  hours 
195  grams  of  the  base  came  over  as  an  oil,  which  solidified  under 
water  in  the  course  of  three  days  at  the  summer  temperature,  while 
during  the  next  eight  hoars  the  distillate,  weighing  162  grams, 
solidified  in  the  lower  end  of  the  condenser  tube,  and  solidified  at 
once  under  cold  water.  The  remainder  of  the  product,  weighing 
34  grams,  then  distilled  over  as  an  oil,  which  did  not  solidify  in  the 
course  of  10  weeks,  leaving  a  small  amount  of  a  brown,  finely-divided 
residue  in  the  distillation  flask. 
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These  distillates,  after  drying,  were  fractionally  distilled.  The  first 
portion,  weighing  195  grams,  began  to  boil  at  245°*  under  753  mm. 
pressure,  the  temperature  rising  to  246°,  while  4  drops  passed  over, 
at  which  point  it  remained  constant,  the  last  few  drops  passing  over 
at  246' 5°.  The  distillate,  on  standing  for  a  short  time,  crystallised 
in  a  solid,  white  mass  of  small,  thin  plates,  melting  at  29*5 — 30°. 
The  second  portion,  weighing  162  grams,  gave  a  like  result,  almost 
the  whole  boiling  at  246°  under  746  mm.  pressure.  The  distillate  at 
first  crystallised  slowly  in  long,  thin  plates,  but  after  a  while  the 
portion  still  remaining  liquid  crystallised  rapidly  in  a  white  mass  of 
small,  thin  plates  similar  to  those  of  the  first  portion.  It  was  not 
possible  to  separate  the  two  forms  of  crystals,  but  the  whole  melted 
at  29*5 — 30°,  and  was  shovN^n  to  be  identical  with  the  first  portion 
not  only  by  the  similarity  in  melting  and  boiling  points,  but  also  by 
conversion  into  the  same  acetyl  derivative,  into  the  same  dichloro- 
toluene  by  Sandmeyer's  method,  and  into  the  same  chlorotoluene  by 
elimination  of  the  NHo  radicle.  The  two  portions  were,  therefore, 
united;  the  yield  of  pure  chlororthotoluidine  obtained  in  this  way 
amounting  to  50'1  per  cent,  of  the  theoretical. 

The  last  portion  of  the  steam  distillate,  weighing  34  grams,  began 
to  boil  at  246°  under  750  mm.  pressure,  and  the  temperature  steadily 
rose  to  254°  during  the  distillation.  Fractionation  of  the  material 
was  not  attempted. 

The  acetyl  derivative,  prepared  by  the  action  of  acetic  chloride  on 
the  pure  base,  crystallised  from  dilute  alcohol  as  a  white,  granular 
mass  composed  of  tufts  of  small,  slender  needles,  and  melted  at  139° 
(c/.  Lellmann  and  Klotz,  Annalen,  231,  317). 

Couversiou  of  the  Chlororthotoluidine  into  Chlorotoluene. 

The  method  employed  for  the  elimination  of  the  NHa  radicle  was 
the  hydrazine  method  of  von  Baeyer  (c/.  Haller,  Ber.,  18,  90),  which 
had  been  found  to  give  good  results  with  substituted  amidonaph- 
thalenes  (c/.,  inter  alia,  Armstrong  and  Wynne,  Froc.  Chem.  Soc, 
1889,  48 ;  1890,  11,  15,  16,  125,  126,  127,  128;  1891,  27),  and  was  to 
be  preferred  in  view  of  the  known  tendency  of  some  chlorotoluidines  to 
yield  ethoxy-derivatives  when  diazotised  and  decomposed  with  absolute 
alcohol  by  Griess'  method  (cf.  Wroblewsky,  Annalen,  168,  209;  Be)-., 
17,  2703).  ■ 

*  The  boiling  point  determinations  given  in  this  paper  were  made  with  a 
Q-eissler's  short  distillation  thermometer.  The  mercury  thread  was  in  every  case 
completely  immersed  in  the  vapour,  but  no  measures  were  adopted  to  screen  tlie 
thermometer  from  the  effects  of  radiation.  As  registered  by  this  thermometer, 
water  boiled  at  100°,  nitrobenzene  at  2007'',  and  quinoline  at  237°,  under  700  mm. 
pressure. 
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In  the  preliminary  experiments  undertaken  to  settle  the  identity  of 
the  two  portions  of  the  chlororthotoluidine,  25  grams  of  the  base  were 
used,  but  in  the  preparation  of  metachlorotoluene  from  this  source  for 
the  purpose  of  sulphonation  this  quantity  was  doubled.  A  cream  of 
the  hydrochloride  was  prepared  by  stirring  50  grams  of  the  fused  base 
into  a  mixture  of  80  grams  of  hydrochloric  acid  (sp.  gr.  1*16)  and 
50  grams  of  water  at  60°,  and  afterwards  breaking  down  any  crystal- 
line lumps  in  a  mortar.  This  was  diazotised  with  the  requisite 
quantity  of  a  20  per  cent,  potassium  nitrite  solution  in  an  ice-bath, 
and  the  diazo- compound  reduced  by  the  addition  of  an  ice-cold  solu- 
tion of  156  grams  of  stannous  chloride  in  420  grams  of  hydrochloric 
acid.  During  the  reduction  the  mixture  was  kept  carefully  cooled  in 
a  freezing  mixture  of  ice  and  salt,  and  the  temperature  maintained 
below  10°.  The  hydrazine  salt  separated  at  once  in  small,  white  scales 
sparingly  soluble  in  dilute  hydrochloric  acid.  After  standing  for 
12  hours,  the  product  was  filtered,  washed  with  dilute  hydrochloric 
acid,  then  with  water,  suspended  in  a  slight  excess  of  a  2  per  cent, 
copper  sulphate  solution,  and  the  whole  gradually  heated  to  the  boil- 
ing point  in  a  reflux  apparatus.  Gas  began  to  be  given  off  at  about 
50°,  and  when  the  evolution  ceased,  the  product  was  distilled  with 
steam,  washed  with  alkali,  again  distilled  with  steam,  and  dried.  The 
amounts  of  unfractionated  chlorotoluene  obtained  in  two  experiments 
with  25  grams  of  base  were  9*5  and  12  grams,  and  in  two  experiments 
with  50  grams  of  base  were  28  and  31  grams. 

The  9'5-  and  12-gram  products  were  separately  distilled  to  obtain 
the  fractions  boiling  at  161 — 165°  for  the  purposes  of  oxidation.  The 
residues  boiling  above  165°  from  both  sources  weighed  9'5  grams, 
and  were  systematically  fractionated  with  the  28-  and  31-gram  pro- 
ducts under  750  mm.  pressure  with  the  following  result : — • 

B.  p.  160—165° 60  grams. 

„     165—190° 3       „ 

„     190—200° 2       „ 

„     above  200° 3       „ 

Although  the  hydrochloride,  possibly  as  tin  double  salt,  was  em- 
ployed instead  of  the  hydrazine,  very  fair  yields  were  obtained,  and 
the  product  evidently  contained  very  little  dichlorotoluene.  This 
result  is  noteworthy,  as  hydrazines  on  oxidation  either  with  cupric 
chloride  (Armstrong  and  Wynne,  Proc.  Ghem.  Soc,  1889,  48)  or  with 
a  mixture  of  copper  sulphate  and  hydrochloric  acid  (Gattermann  and 
Holzle,  Ber.,  25,  1074)  are  known  to  give  derivatives  in  which  the 
hydrazine  radicle  is  replaced  by  chlorine  instead  of  hydrogen. 

That  this  product  was  metachlorotoluene  was  shown  by  heating  it 
in  quantities  of  aboat  3  grams  with  dilute  nitric  acid  [4  vols,  of  nitric 
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Rcid  fsp.  gr.  1-42)  wifcli  9  vols,  of  water]  in  sealed  tubes  at  130 — 140° 
for  8  hours.  The  resulfcins:  chlorobenzoic  acid  was  freed  from  the 
small  amount  of  nitro-acid  f orm.ed  in  the  reaction  bj  steam  distillation 
from  a  hydrochloric  acid  solution  of  stannous  chloride,  and  on 
crystallisation  from  dilute  alcohol  was  obtained  in  radiate  groups  of 
needles  which  melted  at  152°. 

Conversion  of  the  Chlororthotoluidine  into  Diclilorotoluene. 

The  method  employed  was  the  modification  of  Sandmeyer's  process 
described  in  connection  with  the  preparation  of  orthochlorotoluene 
from  orthotoluidine  (p.  1072).  Preliminary  experiments  with  the 
first  two  portions  of  the  steam  distillate  were  made  with  25-gram 
quantities,  but  in  the  preparation  of  the  dichlorotoluene  on  the  large 
scale  140  grams  of  the  chlororthotoluidine  were  used  in  one  operation, 
and  the  proportion  of  cuprous  chloride  doubled.  To  obtain  the  hydro- 
dhloride  in  a  finely- divided  condition,  350  c.c.  of  hydrochloric  acid 
(sp.  gr.  1'16)  were  rapidly  added,  with  vigorous  stirring,  to  140 
grams  of  the  base  suspended  in  750  c.c.  of  water  at  60°.  In  this  form 
the  reaction  with  20  per  cent,  potassium  nitrite  solution  in  an  ice- 
bath  was  a  rapid  one.  The  solution  of  the  diazo-compound  was 
gradually  stirred  into  the  requisite  quantity  of  cold  cuprous  chloride 
solution  prepared  as  described  on  p.  1059.  Reaction  ensued  at  once 
with  the  separation  of  a  thick,  reddish  oil  and  evolution  of  nitrogen. 
The  oil  was  separated  next  day,  distilled  with  steam,  washed  with 
aqueous  caustic  soda,  again  distilled  with  steam,  and  dried.  The 
amounts  of  unfractionated  dichlorotoluene  obtained  in  the  two  experi- 
ments with  25  grams  of  base  were  16  and  18  grams ;  the  yield  in  the 
third  experiment  with  140  grams  of  base  was  142  grams,  or  87'6  per 
cent,  of  the  theoretical.  On  distillation  under  765  mm.  pressure,  the 
last-named  product  was  divided  into  the  fractions — 

B.  p.  196—199° 37  grams. 

„     199° 84       „ 

„     199—200° 16       „ 

„     above  20U°    5       „ 

The  identity  of  this  product  with  the  1  ;  2  ;  5-dichlorotoluene  pre- 
pared  by  Lellmann  and  Klotz  {Annalen,  231,  318)  was  established  by 
oxidation.  When  heated  with  dilute  nitric  acid  at  130 — 140°  for  10 
hours,  it  was  almost  completely  oxidised  to  the  corresponding  di- 
chlorobenzoic  acid.  After  removal  of  the  small  quantity  of  dichloro- 
toluene by  distillation  with  steam  from  an  alkaline  solution,  the  oxida- 
tion product  was  freed  from  accompanying  nitro-acid  by  steam  dis- 
tillation from  a  hydrochloric  acid  solution  of  stannous  chloride,  and 
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crystallised  from  dilute  alcohol,  from  which  it  separated  in  a  white 
mass  made  up  of  very  small,  almost  microscopic,  needles  melting  at 
152°. 

The  34  grams  of  oil  forming  the  last  portion  of  the  steam  distillate 
of  the  base  gave  a  well -crystallised  hydrochloride  when  stirred  into 
60  grams  of  hydrochloric  acid  diluted  with  300  grams  of  hot  water. 
It  diazotised  readily,  and  the  resulting  solution,  when  stirred  into 
cold  cuprous  chloride  solution,  reacted  at  once  with  the  evolution  of 
nitrogen  and  formation  of  a  viscid,  red  oil.  This  was  purified  by  dis- 
tillation with  steam  and  treatment  with  alkali  in  the  usual  way,  and 
when  dried  weighed  27  grams.  On  distillation  under  765  mn- 
pressure,  it  gave  the  following  fractions  : — 

B.  p.  199—208° 22-5  grams. 

„     208—210°    4  drops. 

„     above  210° 4  grams. 

Further  fractionation  was  not  attempted,  as  this  result  indicated 
the  presence  of  only  a  small  proportion  of  trichlorotoluene. 

Sulphonation  of  1  :  2  :  h-Dichlorotoluene. 

In  order  to  characterise  1:2:  5-dichlorotoluene  by  other  means 
than  oxidation,  and  in  order,  also,  to  obtain  a  specimen  of  constant 
boiling  point,  it  was  decided  to  sulphonate  the  whole  of  the  material 
without  further  fractionation.  A  trial  experiment  showed  that  10 
per  cent,  anhydrosulphuric  acid  was  a  convenient  sulphonating  agent. 
185  grams  of  the  dichlorotoluene,  made  up  of  158  grams  from  pure 
chlororthotoluidine  and  27  grams  obtained  from  the  liquid  base,  were 
shaken  with  370  grams  of  the  acid,  and  the  action  carried  as  far  as 
seemed  possible  at  60 — 70°,  the  temperature  attained  during  the  first 
vigorous  shaking  of  the  materials.  The  unsulphonated  portion, 
weighing  89  grams,  was  again  shaken  with  370  grams  of  the  acid,  and 
the  action  completed  in  a  bath  of  boiling  water.  On, cooling,  the 
sulphonic  acid  crystallised  in  beautiful,  thin  plates,  rendering  the 
whole  mass  semi-solid,  but  went  into  solution  in  the  excess  of  sulph- 
uric acid  on  again  heating  in  the  water-bath.  When  poured  into 
witer  the  product  dissolved,  forming  a  slightly  opalescent  solution, 
which,  on  distillation  with  steam,  gave  less  than  half  a  gram  of  a 
thick,  orange-red  oil,  which  was  not  further  examined.  The  clear 
solution  was  diluted  with  a  large  volume  of  hot  water,  neutralised 
with  barium  carbonate,  and  filtered  hot.  The  residue  was  stirred 
into  boiling  water,  again  filtered,  and  finally  extracted  with  aqueous 
potassium  carbonate  to  remove  any  barium  salt  sparingly  soluble  in 
hot  water.      The   united  filtrates  of  th'e  barium  salt  gave  a  large 
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Peparafcion  in  scaly  forms  on  cooling,  and  the  mother  liquor,  on  con- 
centration, crave  three  more  separations  of  similar  appearance.  The 
fifth  separation  (Ba  in  salt  dried  at  180°,  22'65  per  cent.)  consisted 
of  small,  crystalline  particles,  looking  very  much  like  eroded  sand 
grains,  and  the  sixth  of  small,  white,  spherical  aggregates  mixed 
with  a  few  long,  flat,  narrow  needles ;  both  separations  were  small  in 
amount. 

Barium  1:2:  ^-dichlorotoluenesulpJionafe,  (C6H2MeCl2'S03)2Ba  4- 
HiO.* — The  first  four  separations  of  the  barium  salt  were  recrystal- 
lised,  and  required  a  considerable  amount  of  water  for  their  dissolu- 
tion. The  recrystallised  salts  were  similar  in  appearance,  consisting 
of  small,  thin  plates  of  irregular  shape,  which,  under  a  lens,  were  seen 
to  be  a  mixture  of  very  small,  diamond -shaped  plates  with  larger  pris- 
matic needles.  All  attempts  to  separate  these  forms,  or  to  get  the 
salt  to  crystallise  in  one  form,  were  fruitless.  When  dry,  the 
crystals  had  a  mica-like  lustre.  On  analysis,  three  successive 
separations  gave  the  following  figures  : — 

I.  0'3508  gram  of  substance  Tost  0*0094  gram  at  210**,  and  gave 
0-1294  gram  BaSOi- 
II.  0'3482  qfram  of  substance  lost  O'OOSS  gram  at  210*,  and  gave 
0-1268  gram  BaSOi. 
III.  0-3626  gram  of  substance  lost  0'0098  gram  at  210",  and  gave 
0-133  gram  BaSO^. 

Found. 

Calculated  for  , * , 

(CeHsMeCls-SOOsBa  +  H2O.       T.  IT.  TTT. 

H2O    2-83  2-68        2-56        2-70 

Ba  (in  dry  salt)    ..      22-19  22*28       22-28       22-15 

Potassium  1:2:  h-diclilorotoluenesul'phonate^  C6H2MeCl2*S03K. — 
Tliis  salt  crystallised  in  radiate  groups  of  long  needles,  which,  on 
filtration,  or  when  allowed  to  remain  in  the  mother  liquor,  broke 
down  into  a  crystalline  powder.  It  was  easily  soluble  in  water,  and, 
on  analysis, 

*  To  judge  from  the  description,  the  barium  (  +  H2O)  and  sodium  (  +  H0O) 
saHs  of  the  a-diehlorotoluenesulphonif  acid  obtained  bj  Seelig  in  separating  the 
"«-"  and  1:2:  4-dichlorotoluene3  formed  by  the  chlorination  of  orthoohloro- 
toluene  in  the  presence  of  ferric  chloride  are  not  improbably  identical  with  those 
of  1  :  2  :  5-dichlorotoluenesu)phonic  acid  (Annalen,  237, 159).  Seelig's a-dichloro- 
toluene,  on  oxidation,  gave  a  dichlorobenzoic  acid  melting  at  166°  (loc.  cit.,  168), 
but  apart  from  this  fact  the  arguments  adduced  in  support  of  the  constitution 
[Me  :  CI  :  Ci  =  1  :  2  :  3]  assigned  to  the  com]X)und  (loc,  cit.,  181)  would  seem  to 
apply  equally  to  the  constitution  [Me  :  CI  :  CI  =  1  :  2  :  5].  As  the  latter  is  the 
more  probable  on  theoretical  grouTids,  the  autlior  is  engaged  in  a  re-eiamination  of 
the  products  formed  on  chlorinating  orthochlorotoluene. 

4  D   2 
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0*8928   gram  of  substance    lost    00006  gram  at    220",   and  gave 
0-1228  gram  K-^SOi. 

Calculated  for 
CeHsMeClgSOaK.  Found. 

K  (in  dry  salt) 13-99  1404 

The  salt  obtained  by  extracting  the  barium  sulphate  residue  -with 
aqueous  potassium  carbonate,  crystallised  from  the  alkaline  solution, 
and  also  from  water,  in  small  tufts  of  anhydrous  needles  (K  in  salt 
dried  at  180°,  14-01  per  ceiit.).  The  mother  liquor,  on  concentration, 
gave  a  further  separation  in  the  form  of  small  scales,  consisting  of  a 
mixture  of  di-  with  some  tri-chlorotoluenesulphonate  (HoO  4-07  per 
cent.;  K  in  salt  dried  at  180°,  13-72  per  cent).  This  weighed 
2*3  grams  and  was  not  further  examined. 

Sodium  1:2:  5-dichlorotoluenesulphonate,  C6H2MeCl2*S03Na  + 
l^HgO. — This  salt  crystallised  in  beautiful,  long,  slender  needles,  and 
was  more  soluble  in  water  than  the  potassium  salt.  Two  successive 
crystallisations  were  analysed  : — 

I.  0-3376  gram  of  substance  lost  0-0364  gram  at  215°,  and  gave 

0-0952  gram  Na-^SOi. 

II.  0-3704  gram  of  substance  lost  0035  gram  at  215°,  and  gave 

0-0914  gram  Na^SO*. 

Found. 

Calculated  for  ^ ' ,^ 

CgHsMeCla-SOaNa  +  l^HgO. 

H2O 9-32 

Na  (in  dry  salt) 8-75 

Finally,  the  sixth  separation  of  the  barium  salt,  which  was  found 
to  contain  some  sodium  salt,  owing,  no  doubt,  to  the  presence  of  a 
small  quantity  of  sodium  carbonate  in  the  barium  carbonate  employed 
in  neutralisation,  was^  together  with  the  fifth  separation,  converted 
into  sodium  salt.  Two  salts,  one  crystallising  in  needles  identical 
with  the  preceding,  and  the  second  in  slender,  colourless,  nacreous 
scales,  were  separated  by  fractional  crystallisation,  and  the  latter, 
on  analysis,  proved  to  be  sodium  (ortho)chlorotoluenesulphonate, 
CgHsMeCl-SOaNa  +  HaO— 

0-38  gram  of  substance  lost  0*0286  gram  at  220^  and  gave  0-1084 
gram  NasSO^. 

Calculated  for 
CgHaMeCl-SO^Na  +  HjO.  Found. 

H2O 7-30  7-53 

Na  (in  dry  salt). . . .      10-07  10-00 

1:2:  b'Dichhrotoluenesulphonic  chloride,  CeHgMeCla'SO'iCl.  crystal- 


I. 

IL 

9-39 

9-45 

8-78 

8-83 
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lised  from  liglifc  petroleum  (b.  p.  50°),  in  wliicli  ifc  was  very  soluble, 
in  very  large,  probably  anorthic,  tables  of  brownish  colour,  and  melted 
at  43°.     The  faces  of  tbe  crystals  were  much  corroded. 

0'241  gram  of  substance  gave,  by  the  Carius  method,  0*3985  gram 
AgCl. 

Calculated  for 
CeHgMeCls-SOaCl.  Found. 

CI 41-04  40-91 

The  sulphonamide  crystallised  from  dilute  alcohol  in  long,  thin, 
flat  needles,  and  melted  at  191°. 

1:2:  5-Dichlorotoluene  was  obtained  in  a  state  of  purity  by 
the  hydrolysis  of  pure  potassium  1:2:  5-dichlorotoluenesulphonate. 
Three  hydrolyses  were  made,  and  in  each  40  grams  of  the  potassium  salt 
Avere  heated  with  15  grams  of  water  and  200  grams  of  strong  sulphuric 
acid,  and  decomposed  by  superheated  steam.  Hydrolysis  took  place 
at  once  with  very  little  frothing,  and  the  operation  was  completed  in 
the  course  of  an  hour.  From  the  120  grams  of  salt,  65-8  grams  of 
dry  dichlorotoluene  were  obtained,  the  yield  amounting  to  95-1  per 
cent,  of  the  theoretical.  This-  product,  on  the  first  distillation,  gave 
60*2  grams  boiling  at  200''  under  770  mm.  pressure,  and  the  re- 
mainder at  200 — 201°.  Pure  1:2:  5-dichlorotoluene  is,  as  described 
by  Lellmann  and  Klotz  (loc.  cit.),  a  colourless,  refractive  liquid  of 
pleasant  odour. 


II.  Action  of  Sqlphuryl  Chloride  on  Acetoparatoluidide. 

Acetoparatoluidide  was  prepared  by  boiling  paratoluidine  in  750- 
gram  quantities  with  1000  grams  of  glacial  acetic  acid  for  12 — 13 
hours,  stirring  the  product  into  water,  filtering,  and  crystallising  from 
alcohol.  The  yield  of  pure  acetyl  derivative  (m.  p.  147°)  in  every 
case  amounted  to  about  the  weight  of  paratoluidine  taken. 

After  several  trial  experiments  with  quantities  of  sulphuryl  chlor- 
ide in  excess  of  the  theoretical  proportion,  it  was  found  that  about 
equal  weights  of  acetoparatoluidide  and  sulphuryl  chloride  gave  the 
best  results,  and  these  proportions  were  thei'efore  adopted.  The 
apparatus  employed  in  the  chlorination  ^vas  that  described  in  connec- 
tion with  acetorthotoluidide.  In  each  operation,  140  grams  of  very 
finely  powdered  acetoparatoluidide  were  suspended  in  700  grams  of  diy 
carbon  bisulphide,  and  treated  with  140  grams  of  sulphuryl  chloride 
(an  excess  of  14  grams  over  the  molecular  proportion).  Reaction 
started  in  the  cold,  and  it  was  necessary  to  add  the  sulphuryl  chloride 
slowly  to  prevent  the  action  from  becoming  too  vigorous,  with  a  con- 
sequent loss  of  the  volatile  chloride.     After  the  addition  was  com- 
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pleted  aud  reaction  had  almost  ceased  in  the  cold — a  stage  reached 
usually  in  about  two  hours  from  the  commencement — the  flask  was 
very  gradually  warmed  in  a  water-batli  to  the  boiling  point  of  the 
carbon  bisulphide,  and  kept  at  that  temperature  until  the  greater 
part  of  the  material  had  gone  into  solution,  and  it  was  judged  that 
all  action  had  ceased,  this  part  of  the  operation  requiring  about 
three  hours  for  its  completion.  The  carbon  bisulphide  was  then  re- 
moved by  distillation  from  a  water-bath,  ^vhich  tow;ards  the  end  of 
the  process  was  heated  to  the  boiling  point.  At  this  temperature  the 
contents  of  the  flask  fused  to  a  uniioim  viscid  liquid,  which,  when 
allowed  to  cool,  crystallised  in  small  radiate  groups  of  very  thin 
scales. 

To  convert  the  product  into  the  hydrochloride  300  grams  of  hot 
hydrochloric  acid  (sp.  gr.  =  1"16)  were  added  to  the  hot  viscid  sub- 
stance, a  reflux  condenser  attached  to  the  flask,  and  the  heatiug  in  a 
bath  of  boiling  water  continued.  After  a  short  time  the  two  lasers 
mixed  to  a  uniform  liquid,  which,  after  further  heating  for  about  12 
minutes,  began  to  deposit  crystals.  The  contents  of  the  flask  were 
then  at  once  poured  into  a  beaker  and  left  to  crystallise,  a  large  sepa- 
ration in  groups  of  thin  plates,  very  sparingly  soluble  in  hot  or  cold 
hydrochloric  acid  or  in  water,  being  obtained.  This  was  Altered  off 
next  day.  During  the  filtration  through  a  linen  cloth  on  the  pump  it 
was  always  found  that  a  small  quantity  of  a  daik-brown  oil  collected 
in  the  pump  flask,  and  the  crystalline  hydrochloride  was  freed  as 
completely  as  possible  from  this  by  wasbiug  with  small  quantities  of 
hydrochloric  acid  and  of  water,  and  by  prolonged  draining  by  the 
pump.  The  acid  liquors  separated  from  the  oil  were  mixed  with 
about  six  times  their  volume  of  water,  which  precipitated  a  consider- 
able amount  of  a  yellowish-white,  flocculent  substance.  As  the  filtrate 
fiom  this  precipitate  seemed  to  contain  no  other  base  than  paiatoluid- 
ine,  and  that  only  in  small  quantity,  it  was  not  further  examined. 

The  crystalline  hydrochloride  was  decomposed  in  quantities  of 
about  50  grams  by  boiling  with  aqueous  sodium  carbonate  in  a  reflux 
apparatus,  the  carbonate  being  added  from  time  to  time  until  no 
further  effervescence  was  produced,  and  the  liquid  became  permanently 
alkaline.  The  dark-brown  oil  so  obtained  was  distilled  with  steam. 
At  first  a  light-coloured  oil,  having  a  slight  basic  odour,  passed  over 
rapidly  ;  but  after  some  hours  the  rate  began  gradually  to  diminish, 
and  the  product  to  solidify  in  the  receiver,  and  the  process  was 
stopped  when  the  distillate  commenced  to  solidify  in  the  tube  of  the 
condenser.  The  base,  after  separation  from  the  accompanying  water, 
was  dried  over  fused  calcium  chloride,  and  fractionated  once  with  the 
following  results  : — 
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No.  of  operations 

Acetoparatoluidide  employed  . 
Sulphurjl  chloride       ,,      .... 

Yield  of  bast! 

B.  p.  226—231° 

„     231—236°. . ; 

„     236—250° 

„     above  25u°    


10* 


grams. 

1220 

1310 

604 

403 

9S 

69 

34 


10 


grams. 

1400 

1400 

680 

510 

107 

37 

26 


17 


grams. 

2380 

2380 

1437 

924 

271 

147 

95 


Total. 


grams. 

5U00 

5090 

2721 

1837 

476 

253 

155 


The  dark-brown  oil  accompanying  the  crystalline  hydrochloride, 
and  the  yellowish-white,  flocculent  precipitate  obtained  from  the  acid 
filtrate  were  boiled  with  aqueous  sodium  carbonate,  but  only  gave  a ' 
small  quantity  of  base  when  distilled  with  steam.  Like  the  residue 
left  in  the  distilling  flasks  after  removal  of  the  2721  grams  of  base  by 
steam  distillation,  these  products  seem  to  consist  of  acetylated  bases 
which  had  escaped  hydrolysis  during  the  first  digestion  with  hydro- 
chloric acid.  The  whole  of  this  material  was  therefore  boiled  with  a 
large  excess  of  hydrochloric  acid  (sp.  gr.  =  1-16)  in  a  refiux  appa- 
ratus for  about  eight  hours,  and  the  product  stirred  into  a  large 
volume  of  water.  A  dark  oily  separation,  which  went  semi-solid  in 
the  cold,  was  thus  obtained.  This  was  boiled  with  aqueous  sodium 
carbonate,  and  the  slightly  alkaline  mixture  distilled  with  steam,  the 
first  portions  of  the  distillate  coming  over  as  an  oil  which  solidified 
on  standing,  the  later  portions  solidifying  in  the  tube  of  the  con- 
denser. A  relatively  small  quantity  of  a  black,  brittle,  resinous  solid 
remained  in  the  distilling  flask,  and  as  this  was  not  affected  by  pro- 
longed digestion  with  hot  hydiochloric  acid,  it  was  not  further 
examined. 

The  yield  of  the  base  recovered  in  this  way  amounted  to  394  grams, 
and,  on  fractional  distillation,  the  portion  of  the  steam  distillate 
which  came  over  as  an  oil  began  to  boil  at  238°,  while  that  which 
solidified  in  the  condenser  tube  began  to  boil  at  253°.  The  first  por- 
tion was  distilled  separately  until  the  temperature  reached  250°,  the 
second  portion  and  the  155  grams  boiling  above  250°  fractionated 
from  the  main  product  added,  and  the  distillation  continued  up  to 
260°.     Two  fractions  were  thus  obtained : — 

B.  p.  238—260° 248  grams. 

„     above  260° 301       „ 

As  the  high-boiling  fraction  in  the  distilling  flask  was  dark  in 
colour,  and  had  a  distinct  odour  of   isonitrile,  it  was  distilled  with 

•  Six  iu  the  proportion  of  140  grams  of  the  base  to  140  grams  of  the  chloride. 
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steam.     The  distillation  was  slow,  particularly  in  its  later  stac^es, 
small  amount  of   dark-coloured   residue   remaining  in  the  distilling- 
flask.     The    distillate,    weighing    294  grams,  was   collected   in   foui' 
portions : — 

1.  Pale-yellow  oil 80  grams. 

2.  Soft  crystalline  mass  completely 

fused  at  45° 86       „ 

3.  Hard  crystalline  mass  melting  at 

about  58° G5       „ 

4.  Crystalline     solid     melting     at 

about  64° 58       „ 

The  dilute  acid  liquors,  obtained  by  pouring  the  product  of  the 
eight  hours'  digestion  with  hydrochloric  acid  into  water,  were  then 
rendered  slightly  alkaline  with  caustic  soda,  nearly  4  kilos,  being 
required  for  the  purpose.  A  dark-coloured  oil  began  to  separate  just 
before  the  liquors  became  neutral  in  reaction,  and  the  hot,  slightly 
alkaline  liquid  on  cooling  deposited  a  mass  of  thin  plates.  The  greater 
part  of  the  supernatant  liquid  was  siphoned  oflP,  and  the  residual 
matter,  oil  and  crystals,  distilled  with  steam.  The  recovered  base 
seemed  to  distil  over  much  more  rapidly  than  the  chloramido- 
toluene,  and  the  pale-yellow,  oily  distillate,  which  towards  the  end  of 
the  operation  came  over  only  slowly,  and  solidified  in  the  tube  of  the 
condenser,  became  semi-solid  on  standing,  owing  to  the  larger  pro- 
portion crystallising  in  a  mass  of  beautiful  thin  plates.  The  crystals 
were  carefully  drained  from  the  remaining  oil,  and  separately  frac- 
tionated, but  as  the  portion  boiling  above  218"5°,  the  temperature  at 
Avhich  the  oil  began  to  boil,  did  not  crystallise  on  cooling,  the  higher 
fractions  were  obtained  from  the  mixed  liquids.  The  base  recovered 
from  this  source  weighed  402  grams,  and  on  fractionation  gave  the 
following  results : — 

B.  p.  203 — 211°  (a  mass  of  colourless,  slender 

plates  in  the  cold) 193  grams. 

,,     211 — 218'5°  (semi-solid  in  the  cold  owing 
to  a  separation  of  plates  in  considerable 

quantity) 40       „ 

„     218-5—224"  (liquid  when  cold) 57       „ 

„     224-233°     (         „         „         ) 47       „ 

„     above  233°    (        .„  „         ) 65       „ 

The  preliminary  fractionation  showed  that  the  product  of  the 
action  of  sulphuryl  chloride  contained  not  only  the  expected  chloro- 
paratoluidine,  but  also  higher  chlorinated  derivatives,  together  with 
a  corresponding  amount  of  unattacked  paratoluidine.     A  preliminary 
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investigation,  in  which  7  grams  of  the  fraction  boiling  at  226 — 231° 
Avere  acetylated ;  25  grams  were  diazotised  and  converted  into  di- 
chlorotoluene  bj  Sandraejer's  method,  and  25  grams  were  converted 
into  hydrazine,  and  oxidised  with  copper  sulphate  with  the  produc- 
tion of  metachlorotoluene,  showed  that  the  chief  product  was  the 
raetachloroparatoluidine  [Me  :  CI  :  NH2  =  1:3:4]  of  Lellmann  and 
Klotz  (Annalen,  231,  310).  "An  attempt  was  made  to  separate  this 
base  from  the  accompanying  products  by  repeated  fractionation,  but 
as  it  seemed  unlikely  to  lead  to  any  satisfactory  result,  it  was 
abandoned,  and  the  various  fractions  converted  into  the  corre- 
sponding chloro-derivatives  by  Sandmeyer's  method,  when  2757 
grams  of  the  base  boiling  below  260°  had  been  collected  in  the 
following  fractions  (bar.  764  mm.)  :  — 

B.  p.  224—226° 328  grams. 

„     226—229° 1187       „ 

„     229—233" 732       „ 

„     233—238^ 214       „ 

„     238—260° 248      „ 

•2709       „ 

The  acetyl  derivative,  prepared  by  warming  a  portion  of  the 
base  boiling  at  226 — 231°  with  acetic  anhydride,  was  crystallised 
from  alcohol.  It  separated  in  beautiful,  stellate  groups  of  prismatic 
needles,  or,  by  slow  crystallisation,  in  large,  flat  prisms  of  glassy 
lustre,  and  melted  at  113 — 113*5°.* 

0*3236  gram  of  substance  gave,  by  the  Carius  method,  0*249  gram 
AgCl. 

Calculated  for 
CeHaMeCl-NHAc.  Found. 

CI  19*30  19*03 

Mr.  W.  J.  Pope  has  had  the  kindness  to  measure  the  crystals,  and 
reports  as  follows  : — 

"  This  substance  crystallises  in  beautiful,  transparent,  colourless 
tables  of  glassy  lustre.  The  form  a{100}  is  the  largest  on  the  crys- 
tals (next  page),  and  is  often  striated  parallel  to  the  edges  made  by 
it  with  the  other  pinacoids  b  and  c.  There  is  a  cleavage  parallel  to 
a  {100};  the  extinction  through  this  form  is  approximately  parallel 

*  The  meltine;  point  of  this  substance  has  been  called  in  question  by  Erdmann, 
who  found  it  to  be  111— 112°(S6'r.,24,  2708),  instead  of  115°,  as  given  by  Lellmann 
and  Klotz  (loc.  cit.).  Lellmann  has  subsequently  found  the  molting  point  of  the 
substance  to  be  118"  (Ber.,  24,  4111),  but  in  no  case  was  a  higher  melting  point 
than  113*5°  attained  with  any  of  the  specimens  prepared  in  the  course  of  this  in- 
vestigation. 
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to  the  pyramid  edge.  The  dispersion  is  large.  The  forms  <]^{101} 
and  o{lll}  are  frequently  absent,  and  traces  of  the  prism  {110}  are 
sometimes  seen. 

"  Forms  present : — 


a  . 

...    {100}  ....    c 

^oPco 

h  . 

...    {010}  .... 

zoPco 

c   . 

..    {001}  .... 

oF 

d  . 

...    {101}.... 

Poo' 

0    .. 

..  {111}.... ' 

P 

**  Crystalline  System.     Anorthic. 

a:h  :c  =  0-9391  :  1  :  0-6438. 
a  =  90°  37' ;  /3  =  104°  43' ;   7  =  72°  6'. 


Number  of 

Angles. 

observations. 

Limits. 

Mean. 

Calculated 

ah 

100  :  010 

24 

71° 

31'—  71° 

45' 

71° 

38' 



ah 

100  :  OlO 

17 

108 

15  —108 

23 

108 

19 

108°  22' 

ho 

010  :  001 

21 

94 

3—94 

26 

94 

12 



he 

010  :  001 

13 

85 

35—  85 

53 

85 

50 

85    48 

ac 

100  :  001 

11    . 

105 

2—105 

38 

105 

21 

105    17 

ac 

100  :  OOI 

19 

74 

39—  74 

51 

74 

43 



ho 

010:  111 

13 

52 

21—  52 

55 

52 

35 



ho 

OIO  :  111 

2 

127 

11  —127 

27 

127 

19 

127    25 

CO 

001  :  111 

16 

54 

44—  55 

18 

55 

2 

— 

ad 

100  :  101 

3 

64 

40—  66 

21 

65 

33 

64    39 

cd 

001  :  101 

4 

39 

2—40 

34 

39 

46 

40    38 

hd 

OLO  :  lOl 

9 

97 

51—  98 

37 

98 

16 

98    17 

do 

101  :  111 

9 

28 

15—  29 

54 

29 

1 

29      8 

ao 

100  :  111 

5 

59 

10—  61 

4 

60 

3 

60      6" 

Conversion  of  the  Chloroparatoluidine  h.  p.  226 — 231°  into 
Chlorotoluene. 

The  NH2  radicle  of  the  chloroparatoluidine  was  eliminated  by  the 
hydrazine  method  of  von  Baeyer.  25  grams  of  the  base  were  co;.- 
verted  into  the  hydrazine  salt,  and  this  oxidised  with  a  2  per  cent. 
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copper  sulphate  solution  exactly  as  described  in  connection  "with  the 
preparation  of  metachlorotoluene  from  chlororthotoluidine  (p.  1047). 
The  yield  amounted  to  11  grams,  of  which  9  grams  distilled  at  162° 
under  776  mm.  pressure. 

The  product  was  identified  as  metachlorotoluene,  by  heating  it  with 
dilute  nitric  acid  at  130 — 140"  for  10  hours.  The  resulting  chloru- 
benzoic  acid,  after  purification  by  the  method  already  described, 
crystallised  from  dilute  alcohol  in  radiate  groups  of  long,  slender 
needles,  and  melted  at  152 — 153". 

Conversion  of  the  Chloroparatoluidine  b.  jp.  224 — 260**  into 
Dichlorutoluene. 

A  preliminary  experiment,  with  25  grams  of  the  base,  showed  that 
good  results  were  obtained  by  the  moditication  of  Sandmeyer's 
method,  described  in  connection  with  the  preparation  of  orthochloro- 
toluene  (p.  1072).  The  proportion  of  cuprous  chloride,  however,  was 
doubled  in  the  subsequent  experiments,  and  a  copper  solution  for  each 
100  grams  of  base  was  prepared  by  dissolving  60  grams  of  copper 
carbonate  in  650  grams  of  hydrochloiic  acid  (sp.  gr.  1'16)  diluted 
with  luO  grams  of  water,  and  boilmg  the  solution  with  copper 
turnings  until  colourless.  The  hydrochloride  was  formed  by  adding 
250  c.c.  of  hydrochloric  acid  (sp.  gr.  1*16),  with  rapid  stirring,  to 
100  grams  of  the  base  suspended  in  600  c.c.  of  water  at  50''. ;  a  clear 
solution  was  momentarily  obtained,  but  immediately  afterwards  the 
hydrochloride  began  to  ciystaliise  out,  and  was  caused  to  separate  in 
a  finely-divided  form  by  cooling  rapidly  and  stirring  vigorously. 
The  hydrochloride,  suspended  in  the  dilute  acid  and  cooled  in  an 
ice-bath,  was  diazotised  with  a  25  per  cent,  sodium  nitrite  solution. 
In  the  case  of  the  fractions  of  the  base  boiling  at  224 — 226"  aiid 
226 — 229°,  a  clear  solution  of  the  diazo-compound  was  always  ob- 
tained, but,  with  the  other  fractions,  some  brown-coloured  oil  was 
formed  during  the  reaction  with  the  nitrite,  and  the  amount  of  this, 
though  small  in  the  case  of  the  iraction  boiling  at  229 — 283°,  was 
larger  with  that  boiling  at  233 — 238",  and  quiie  considerable  with 
that  boiling  at  238 — 26U°,  making  it  difficult  to  afccertain  the  end  of 
the  reaction  by  starch-iodide  paper.  In  none  of  these  cases  was  any 
evolution  of  gas  noticed  during  diazotisation,  and,  as  the  temperature 
was  carefully  kept  below  5°,  the  formation  of  the  oil  can  hardly  have 
been  due  to  decomposition  of  the  diazo-compound. 

The  solution  of  the  diuzo-compound  was  gradually  stirred  into  the 
cold  cuprous  chloride  solution.  In  every  case,  very  little  gas  was 
given  off  at  first,  but  afterwards  the  reaction  proceeded  briskly  with 
the   evolution  of   nitrogen   and  separation  of  a  reddish  oil.     After 
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remaining  in  contact  with  the  copper  liquors  during  the  night,  the 
oily  product  was  separated,  distilled  with  steam,  shaken  with  alkali, 
again  distilled  with  steam,  and  dried.  The  amount  of  residue  in  the 
distillation  flasks  was  very  small,  except  in  the  case  of  the  product 
from  the  fraction  boiling  at  238— 260^ 

The  total  amount  of  base  employed  was  3156  grams,  and  the  yield 
of  unfractionated  chlorotolnenes  amounted  to  2467  gr^-ms. 

This  material  was  then  systematically  fractionated  with  the  object 
of  isolating  as  much  1:3:  4-dichlorotoluene  as  possible,  and  as  the 
result  of  a  considerable  number  of  operations,  it  was  separated  into 
the  following  fractions  (bar.  763*5  mm.)  : — 

B.  p.  160 — 165°  (paraohlorotoluene) 94  grams. 

„     205-5— 206-5°  (1:3:  4-dichlorotoluene)       1501       „ 

together  with — 

B.  p.  165— 202° 170  grams. 

„     202—209° 273       „ 

„     above  209°    413       „ 

The  uniformity  of  the  paraohlorotoluene  and  the  dichlorotoluene 
separated  in  this  way  was  established  by  sulphonation,  and  in  view 
ot*  the  results  obtained  the  remainder  of  the  product  was  separated 
into  its  constituents  by  sulphonation  instead  of  b^'  further  frac- 
tionation. 

Sulphonation  o/  1  :  3  :  4- Dichlorotoluene,  h.  p.  205*5 — 206'5°. 

In  order  to  characterise  the  chlorotoluene  boiling  at  205*5 — 206*5°, 
and  to  obtain  evidence  as  to  its  purity,  50  grams  were  converted  into 
the  corresponding  sulphonic  acid.  Trial  experiments  showed  that 
pure  (100  per  cent.)  sulphuric  acid  took  up  very  little  of  the  product 
on  shaking,  that  5  per  cent,  anhydrosulphuric  acid  dissolved  it  com- 
pletely on  shaking,  but  took  up  very  little  of  the  material  boiling 
above  209°,  and  that  10  per  cent,  anhydrosulphuric  acid  dissolved  it 
readily,  and  also  largely  converted  the  material  boiling  above  209* 
into  sulphonic  acid.  The  dichlorotoluene  was  therefore  shaken  with 
three  times  its  weight  (150  grams)  of  5  per  cent,  anhydrosulphuric 
acid  until  dissolved,  the  mixture  becoming  w^arm  during  the  reaction. 
The  product,  on  exposure  to  the  (moist)  air  for  some  hours,  crystal- 
lised from  the  excess  ot  sulphuric  acid  in  minute,  slender  needles. 
After  dilution  with  water,  it  was  converted  into  barium  salt,  which 
M'as  fractionally  crystallised  and  found  to  be  uniform  with  the  excep- 
tion of  the  sixth  separation  of  1*43  grams,  which  crystallised  from 
the  last  80  c.c.  of  the  mother  liquor  on  concentration  in  less  well- 


i 

■■ — ^ 

IL 

4-83 

4-89 

2215 

22-07 

AOETORTHOTOLUIDTDE  AND  ACETOPARATOLUIDIDE.   1001 

defined  tufts  of  short,  slender,  white  needles.  These,  on  recrvstallisa- 
tion,  g-ave  numbers  (Ba  =  2222  per  cent.,  H.O  =  5'69  per  cent.) 
indicating  the  composition  (C6H2MeCl2'S03)2Ba  +  2H2O.  The  corre- 
sponding potassium  salt  (K  =  13*97  per  cent.)  crystallised  in  bundles 
of  long,  slender  needles,  very  similar  in  appearance  to  the  ordinary 
barium  salt,  except  that  they  were  semi-opaque  and  not  white.  The 
quantity  of  material  was  insufficient  to  admit  of  further  examinatipn. 

Barium  1:3:  4i-dichlorotoluenesulphonate,  (C6H2MeCl2'S03)2Ba  +. 
(?)2H20,  crystallised  from  water,  in  which  it  was  sparingly  soluble, 
in  bundles  of  beautiful,  long,  white,  very  slender  needles  aggregated 
together  in  tufts.  i\.nalyses  of  (I)  the  first  and  (II)  the  fifth  separa- 
tions were  made — ■ 

I.  03272  gram  of  substance  lost  0'0158  gram  at  200°,  and  gave 
0-1174  gram  BaSO^. 

II.  0*337  e^ram  of  substance  lost  O'Ol  65  gram  at  200°,  and  gave 
0-1204  gram  BaSOi. 

Found. 
Calculated  for 
(C6H2MeC1.2-S03)2Ba  +  2H2O. 

H2O 5-52 

Ba  (in  diy  salt)  . .      22-19 

T^o  further  loss  of  weight  occurred  when  these  salts  were  heated  at 
240—250°. 

Fotassium  1:3:  4:-€lichlorotoluenesulphoHate.  C6H2MeCl2'S03K,  crys- 
tallised from  water  in  thin,  long,  prismatic  needles  of  calcite-like 
lustre,  and  was  sparingly  soluble  in  cold  water.  The  salt  obtained 
by  extracting  the  barium  sulphate  residue  with  potassium  carbonate, 
with  the  object  of  removing  any  sparingly  soluble  barium  sulphonate, 
crystallised  in  forms  identical  with  these.  Analyses  were  made  of 
the  salt  from  (I)  the  crystallised  barium  salt,  and  (II)  the  barium 
sulphate  residue. 

I.  0*3822  gram  of  substance  lost  0-0004  gram  at  185",  and  gave 
0-1192  gram  K2SO,. 
II.  0-3906  gram  of  substance  lost  0-0006  gram  at  205°,  and  gave 
0122  gram  K2SO4. 

Found. 

Calculated  for  ^ -^ ^ 

CfiHjMeCloSOgK.  I.  IT. 

K 13-99  1400         1402 

Sodium  1:3:  ^-dichlorotoluenesulplionate^  CeHzMeCl/SOyl^a  -f 
H2O,  crysfallised  from  water,  in  which  it  was  comparatively  sparingly 
soluble,  in  beautiful,  long,  slender,  brittle  needles.  On  analysis,  the 
following  numbers  were  obtained  : — • 


1062  WYNNE:   ACTION   OF   SULPHURYL  CHLORIDE   ON 

0-398  gram  of  substance  lost  00262  gram  at  200°,  and  gave  OlOO^ 
gram  NagSOi. 

Calculated  for 
CfiHsMeCl^-SO.Na  +  HgO.         Found. 

H2O    6-41  6-58 

Na  (in  dry  salt) 875  873 

1:3:  ^b-VirJilorotoluenesulpJionic  chloride,  CfiHzMeCla'SOaCl,  crystal- 
liped  from  lisfht  petroleum,  in  whicli  it  was  somewhat  sparingfly 
soluble,  in  splendid,  lonp:,  monosymmetric  prisms,  having  a  calcite- 
like  lustre.     It  melted  at  82°. 

0*2911  ofram  of  substance  gave,  by  tbe  Carlus  method,  0*4827  gra^^i 
AgCl. 

Caloula^^^ed  for 
CsHsMeClo-SO.Cl.         Found. 

CI 41*04    "  41*02 

The  sulphonamide  crystallised  from  alcohol  in  sparingly  soluble, 
well  defined,  elongated  prisms,  and  melted  at  189°. 


SulpJionatinn  of  the  Mixture  of  Ghlornfohiene.<i  accompanying  1:3:4- 
Dichlorofoluene  (h.  p.  205'5 — 206*5)  boiling  above  165°. 

The  various  fractions  of  the  product  fp.  lObO)  were,  in  view  of  the 
experience  gained  in  the  sulphonation  of  parachlorotoluene  (p.  1078) 
and  1:3:  4-dichlorotoluene,  STstematically  extracfed,  first  with  pure 
(100  per  cent.)  sulphuric  acid,  then  with  5  per  cent.,  and  finally 
with  10  per  cent,  anhydrosulphuric  acid.  In  every  case  the  chloro- 
toluene  was  vigorously  shaken  wifh  three  times  its  weight  of  the 
acid,  employed  in  two  portions,  until  no  further  appreciable  diminu- 
tion of  the  upper  laver  took  place,  the  mixture  being  heated  in  a 
water-bath  at  70 — 80°,  to  assist  the  reaction.  The  product  was  then 
poured  into  water  and  di=;tilled  with  steam.  The  oil  after  drying 
wns  fractionated,  and  the  fractions,  united  with  others  of  the  same 
boiling  point,  were  shaken  with  fresh  quantities  of  acid  of  suit- 
able streno-th.  The  sulphonic  acids  were  united  according  as  they 
were  obtained  by  the  use  of  pure  sulphuric  acid,  or  of  5  or  10  per 
cent,  anhydrosulphuric  acid,  and  then  converted  into  barium  salts  in 
the  u'sual  way. 

In  the  course  of  this  fractional  separation,'  1120  grams  of  pure 
(100  per  cent.)  sulphuric  acid,  1870  grams  of  5  per  cent.,  and  274 
grams  of  10  per  cent,  anhydrosulphuric  acid  were  employed,  and  the 
856  grams  of  the  mixed  chloro toluenes  were  divided  into  — 
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195  grams  dissolved  bj  the  pure  sulphuric  acid. 
^06       „  „  ,,         5  per  cent,  anhydro-acid. 

123       „  „  „       10  per  cent.  „ 

31  ,,  insoluble  in  10  per  cent,  anhjdrosulphuric 
acid  under  the  conditions  employed. 
(a.)  Examination  of  the  Sulphonic  Acid  obtained  by  the  use  of  Pvre 
Sulphuric  Arid. — The  barium  salt  from  this  source  was  submitted 
to  fractional  crystalli'?ation.  The  first  three  separations  consisted 
of  pure  barium  1:3: 4-dichlorotoluenesulphonate  in  the  charac- 
teristic bundles  of  white  needles  ;  the  fourth  and  .fifth  of  a  mix- 
ture of  barium  mono-  and  di-chlorotoluenesulphonates  crystallising 
m  white,  branched  clusters  of  small,  sand-o-rain-like  forms  ;  the  sixth, 
seventh,  and  eighth  of  barium  parachlorotoluenesulphonate  as  a  mix- 
ture of  the  powderv,  microcrystalline  form  def^cribed  on  p.  1079  with 
scales  ;  and  the  ninth  and  remaining  separations  of  barium  para- 
chlorotoluenesulphonate in  thin,  lustrous,  curved  scales. 

The  separation  of  the  mixed  barium  mono-  and  di-chlorotoluene- 
sulphonates proved  troublesome,  but  wa«!  accomplished  by  employing 
solutions  of  such  a  strength  that  crystallisation  did  not  at  once  ensue 
when  they  became  cold.  Under  these  circumstances  the  dichloro- 
snlt  slowly  separated  in  the  characteristic  form.  On  concentrating 
slightly  and  again  cooling,  a  further  crop  of  white  tufts  of  slender 
needles  was  obtained,  and  by  repeating  the  operation  several  times,  a 
complete  separation  was  achieved.  The  mother  liq^or  then  gave  the 
ag-gregates  of  small,  irregularly  shaped,  sand-grain-like  crystals 
characteristic  of  the  *'  A  "  form  of  parachlorotoluenesulphonic  acid, 
and  finally  a  mixture  of  the  powdery,  microcrystalline  form  mixed 
with  scales,  which,  with  their  mother  liquor,  were  united  with  the 
similar  material  of  the  sixth,  seventh,  and  eighth  separations. 

The  fractional  crystallisation  of  this  mixture  of  barium  parachloro- 
toluenesulphonates  was  then  undertaken,  and  found  to  be  even  more 
difficult  than  in  the  case  of  the  separation  of  the  corresponding 
niaterial  from  pure  parachlorotoluene.  This  was  probably  due  to  an 
interference  with  crystallisation  caused  by  the  presence  of  a  small 
quantity  of  barium  1  :  3 :  4  dichlorotoluenesulphonate  which  could 
not  be  separated,  but  gave  evidence  of  its  presence  by  the  uniformly 
low  percentages  of  barium  in  the  salts  analysed.  After  many  trials, 
resulting  in  the  isolation  of  17  grams  of  the  sand-grain  form,  and 
only  5  grams  of  the  scaly  form,  the  attempt  to  separate  this  product 
into  its  constituents  bv  fractional  crystallisation  was  abandoned. 
The  salts  isolated  in  the  course  of  the  work  were  : — 

Barium  1:3:  4-dichlorotoluenesulphonate 156  grams. 

„       parachlorotoluenesulphonate  "  A " 35       „ 

„  ♦'B'-' (scales).       22      „ 
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the  i-emainder  being  barium  paraublorotoluenesulphonafcc  in  the  form 
of  a  mixture  of  the  powdery,  microcrystalline  form  with  scales.  Tlie 
following  analyses,  selected  from  a  number,  may  be  quoted: — 

I.  Third   (original)    separation   in   needles :    0*4026    gram  lost 

0-0198  gram  at  190%  and  gave  0-145  gram  BaSOi. 
.II.  Fourth   (original)    separation  in  white,  branched  clusters  of 

sand  grains  :  0-388  gram  lost  0*0112   gram  at  186°,  and 

gave  0152  gram  BaS04. 
III.  Needles  separated  from  IE :    0-3814  gram  lost   0-0188  gram 

at  190°,  and  gave  0139  gram  BaSOi. 
ly.   Sand  grains  separated  from  II :     0-3896  gram  lost  0-0122 

gram  at  205°,  and  gave  01598  gram  BaSOi. 
V.  Sixth  (original)  separation  in  the  powdery,  microcrystalline 

form  mixed  with  scales  :  0-3708  gram  lost  0-0108  gram  at 

195°,  and  gave  0-1498  gram  BaSO^. 
VI.  Sand  grains    separated  from  V:    0-4046   gram  lost    0012 

gram  at  195°,  and  gave  0-1640  gram  BaSOi. 
VII.  Scales  separated  from  V:  0-3882    gram  lost  0-0116    gram 

at  205°,  and  gave  0-1572  gram  BaS04. 
VIII.  Ninth  (original)  separation  in  scales:  0'381  gram  lost  00124 

gram  at  195°,  and  gave  0-1546  gram  BaS04, 

I.  II.  III.  IV.  V.  YI. 

H2O 4-92         2-89        4-93        3-13        2  91         2-97 

Ba  (in  dry  salt)..      22  25       23-70       22-52     -24-88       2445       24-55 

VII.         VIII. 

H.,0 2-99        3-25 

Ba  (in  dry  salt). .      24-53       24*65 

The  "  A "  and  "  B  "  salts  of  parachlorotoluenesulphonic  acid 
separated  in  this  way  were  each  converted  into  the  corresponding- 
potassium  and  sodium  salts.  These  resembled  in  all  respects  the 
salts  from  pure  parachlorotoluene  described  on  pp.  1080  and  1081. 

(6.)  Examination  of  the  Sulphomc  Acid  obtained  by  the  use  of  5  per 
cent.  Anhydrosulphuric  Acid. — The  barium  salt  of  this  product  was 
submitted  to  fractional  crystallisation.  The  first  10  separations 
3onsisted  of  pure  barium  1:3: 4-dichlorotoluenesulphonate,*  the 
11th  and  12th,  weighing  together  13  grams,  of  small,  pale-brown, 
crystalline  aggregates  which  decrepitated  at  140°,t  and  four  further 

*  No  trace  of  the  second  form  of  this  salt  described  on  p.  1061  was  discovered  in 
this  product. 

t  The  difference  bet\7Ce.n,  this  salt  and  the  intermediate  salt  (containing  about 
the  same  percentage  of  barium)  obtained  from  the  100  per  cent,  sulphuric  acid 
product  is  noteworthy.     It  is  perhaps  to  be  accounted  for  by  the  fact  that  the 
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separations,  weighing  together  16 '8  grams,  of  lustrous  scales.  The 
crystalline  aggregates  were  separated  by  crystallisation  into  barium 
1:3:  4-dichlorotoluenesulphonate  and  a  salt  crystallising  in  scales 
[H2O  =  2*58  per  cent.;  Ba  (in  dry  salt)  =  24-12  per  cent.],  which 
was  mixed  with  the  last  separations.  The  total  weight  of  barium 
1:3: 4-dichlorotoluenesulphonate  from  this  source  was  907  grams. 
The  barium  sulphate  residue  was  extracted  with  aqueous  potassium 
carbonate,  and  gave  only  6*2  grams  of  the  potassium  salt  (K  =  13*93 
per  cent.). 

Analyses  of  the  (I)  10th,  (II)  11th,  and  (III)  12th  separations, 
and  (IV)  of  the  barium  dichlorotoluenesulphonate  separated  by  frac- 
tional crystallisation  of  the  mixed  11th  and  12th  separations  are 
given : — 

1.  0*3642  gram  of  substance  lost  0*0180  gram  at  205°,  and  gave 

0*1808  gram  BaSO^. 
II.  0*385  gram  of   substance  lost  0*046  gram  at  200°,  and  gave 
0*1348  gram  BaS04. 

III.  0*3162  gram  of  substance  lost  0*0404  gram  at  200°,  and  gave 

0*1104  gram  BaS04. 

IV.  0*3566  gram  of  substance  lost  0*0176  gram  at  190°,  and  gave 

0*1286  gram  BaSO,. 


I. 

II. 

III. 

IT. 

4*94 

11*95 

12*78 

4*93 

22*20 

23*37 

23*52 

22*29 

H20 

Ba  (in  dry  salt). 

The  salt  crystallising  in  scales  was  found,  after  some  examination, 
to  consist  largely  of  barium  chloride,  no  doubt  present  as  an  impurity 
in  the  barium  carbonate  used  for  neutralisation.  It  was  converted 
into  sodium  salt,  and  a  small  separation  of  sodium  (para)chloro- 
toluenesulphonate,  weighing  3*8  grams,  in  very  soluble,  slender 
needles  [HoO  =  6*69  per  cent. ;  Na  (in  dry  salt)  =  9*68  per  cent.], 
was  isolated  from  the  accompanying  sodium  chloride. 

The  extraction  of  parachlorotoluene  from  the  mixed  chlorotoluenes 
by  means  of  pure  (100  per  cent.)  sulphuric  acid  was  therefore  very 
complete. 

(c.)  Examination  of  the  Sulphonic  Acid  obtained  by  the  use  of  10  per 
cent.  Anhydrosulphuric  Acid. — The  barium  salt  of  this  sulphonic  acid 
was  less  soluble  in  water  than  the  salts  of  the  preceding  products,  and 
it  was  necessary  to  extract  the  barium  sulphate  residue  several 
times  with  aqueous  potassium  carbonate. 

The  barium  salt  was  fractionally  crystallised,  and  five  separations 

former  crystallised  from  solutions  containing  little  else  but  barium^chloride  (H3O 
in  BaCl2,2H20  =  14*75  per  cent.) ,  while  the  latter  crystallised  from  solutions  con- 
taining barium  parachlorotoluenesulphonate  (HgO  =  3*18  per  cent.). 
VOL.  LXI.  4  £ 
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obtained:  the  first  in  small  plates;  the  second  in  small,  prismatic 
forms ;  the  third  in  tufts  of  curved,  flat  needles  ;  the  fourth  in  white 
tufts  of  slender,  white  needles ;  and  the  fifth  in  small,  white  aggre- 
gates of  minute  needles.  The  first  four  separations  were  recrystal- 
lised  from  water,  and  eventually  the  product  was  found  to  consist  of 
two  salts  only,  barium  trichlorotoluenesulphonate  and  barium  1:3:4- 
dichlorotoluenesulphonate.  Although  the  former  was  distinctly  less 
soluble  in  water  than  the  latter,  the  separation  of  the  two  was  not 
easy,  and  was  only  effected  by  dissolving  the  mixed  salt  in  the  mini- 
mum of  water  at  85°,  watching  the  crystallisation,  and  filtering 
immediately  any  needles  made  their  appearance  among  the  diamond- 
shaped  scales  or  flat,  curved  needles  of  the  trichloro-derivative.  Even 
under  these  conditions,  the  apparently  uniform  trichloro-salt  (c/.  ana- 
lyses II  and  III)  would  frequently  be  found  on  analysis  to  give  numbers 
indicating  the  presence  of  a  considerable  percentage  of  dichloro- 
derivative.  Every  separation  of  supposed  tricliloro-salt,  and  14 
were  obtained,  had  therefore  to  be  analysed.  The  following  analyses 
may  be  quoted : — 

I.  First  (original)  separation  :  0*373  gram  lost  0'0098  gram  at 

210°,  and  gave  0'1256  gram  BaSOi. 
II.  Thin,  flat,  curved  needles  of  irregular  outline  :  0*357  gram  lost 
0-009  gram  at  210°,  and  gave  0-12  gram  BaSOi. 

III.  Separation,  indistinguishable    from   II    in  appearance,,    from 

mother  liquor  of  II  :  0-3794  gram  lost  0*0112  gram  at  200°, 
and  gave  0*1326  gram  BaS04. 

IV.  Fourth  (original)  separation :  0-3546   gram  lost  00168  gram 

at  200^  and  gave  0*1258  gram  BaSOi. 

I.  II.  III.  IV. 

H2O 2-62        2-52        2-95        4-74 

Ba  (in  dry  salt) . .      20*32       20*26       21*16       21-88     . 

The  amounts  of  the  two  salts  isolated  were — 

Barium  trichlorotoluenesulphonate    40*5  grams. 

,,        1:3:  4-dichlorotoluenesulphonate  . .      S'l'O       „ 

The  fifth  separation  of  the  barium  salt,  weighing  19  grams,  was 
found  to  be  a  mixture  of  the  barium  and  sodium"^*  salts  of  1:3:4- 
dichlorotoluenesulphonic  acid.  Mixed  with  its  mother  liquor,  it  was 
therefore  converted  into  sodium  salt,  which  crystallised  in  slender 
needles,  and  on  analysis  gave  the  numbers — 

*  Due  no  doubt  to  the  presence  of  a  small  quantity  of  sodium  carbonate  in  the 
bariaim  carbonate  used.  This  sample  of  barium  carbonate  was  purchased  subse- 
quently to  that  containing  small  quantities  of  barium  chloride  (p.  1065),  and  from  a 
different  firm. 
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0-409  gram  of  substance  lost  0'0258  gram  at  200°,  and  gave  0*1038 
gram  NagSOi. 

Calculated  for 
CgHaMeCIo-SO^l^a  +  H2O.  Found. 

H2O 6-41  6-31 

Na  (in  dry  salt)..      8*75  8*77 

The  potassium  salt,  weighing  56  grams,  obtained  by  extracting 
the  barium  sulphate  residue  with  aqueous  potassium  carbonate,  was 
likewise  found  to  be  a  mixture  of  di-  with  tri-chlorotoluenesulphonate, 
the  latter  being  present  in  the  larger  quantity.  The  first  separation, 
weighing  19  grams,  from  the  strongly  alkaline  solution  consisted  of 
scales,  which  crystallised  from  water  in  the  same  form  ;  and  the  second, 
weighing  17  grams,  of  long,  flat,  radiate  needles,  unaltered  by  recrys- 
tallisation.  It  was  not  found  possible  to  fractionally  crystallise  the 
salts  remaining  in  the  mother  liquor  either  from  the  alkaline  liquor 
or  from  water,  but  a  separation  was  effected  by  crystallisation  from 
80  per  cent,  alcohol,  as  described  in  connection  with  potassium  tri- 
chlorotoluenesulphonate  (p.  1069).  Analyses  of  (I)  the  first  and  (11) 
the  second  separations  were  made  : — 

I.  0"3536  gram  of  substance  lost  0'0006  gram  at  185°,  and  gave 
0-097  gram  K2SO4. 
II.  0364  gram  of  substance  lost   0*025   gram  at  185°,  and  gave 
0*099  gram  K2SO4. 


Found. 


Calculated  for 


CeHMeCla-SOgK:.  I.  II. 

H2O —  —  6-87 

K  (in  dry  salt)  . .      12*45  12*32         13*09 

The  total  amount  of  trichloro-salb  separated  from  the  mixed  potas- 
sium salt  was  33  grams. 

The  fractional  separation  of  the  ch  lore  toluenes,  by  means  of  sulph- 
uric acid  of  the  three  strengths  employed,  was,  therefore,  fairly 
complete,  as  may  be  seen  from  the  table  (p.  10G8),  which  gives  the 
amounts  of  the  chloro toluenes  equivalent  to  the  weights  of  the 
various  salts  isolated  in  the  course  of  the  separation  of  the  chloro- 
toluenesulphonic  acids. 

The  loss  of  about  9  per  cent,  in  the  case  of  the  product  from  the 
5  per  cent,  anhydrosulphuric  acid,  and  of  about  10  per  cent,  in  that 
from  the  10  per  cent,  anhydrosulphuric  acid,  probably  occurred  during 
the  large  number  of  fractional  crystallisations  made  in  the  course  of 
the  work.  It  is  worthy  of  note,  however,  that  Seelig  experienced  a 
loss  of  9 — 28  per  cent,  in  the  course  of  a  fractional  separation  of  a 
mixture  of  ortho-  and  para-chloro toluene  by  means  of  sulphuric  acid 
(Annalen,  237,  152). 

4  E  2 
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Acid. 

Parachloro- 
toluene. 

1:3:  4-Dicliloro- 
toluene. 

Tricliloro- 
toluene. 

Weight 
recovered. 

Weight 
sulpho- 
nated. 

Pure  sulphuric 
5  per  cent,  an- 

liydro-    

10  per  cent,  an- 

hydro-    

28* 
2 

78 

458 

68 

43 

106* 

460 

111 

195 
506 
123 

Total 

30* 

604 

43 

677* 

824 

As  a  result,  therefore,  of  fractional  distillation  and  fractional  sulph- 
onation, the  following  amounts  of  mono-,  di-,  and  tri-cUorotoluene 
were  separated  from  the  2467  grams  of  mixed  chloro toluenes,  ob- 
tained by  applying  Sandmeyer's  method  to  the  chlorination  product 
from  5  kilos,  of  acetoparatoluidide. 

Separated  by 


Distillation. 

Parachlorotolnene 94 

1:3:  4-Dichlorotoluene 1501 

Trichlorotoluene ••        — 

Sulphonation. 

30t 

604 

43 

31 

Total. 
124t 
2105 
43 

Higher  chlorinated  toluenes       — 

31 

The  yield  of  pure  1:3:  4-dichlorotoluene,  therefore,  amounted  to 
39  per  cent,  of  the  theoretical. 


Hydrolysis  o/ 1 :  3  :  4i-Dichlorotoluenesulplionic  Acid. 

The  various  amounts  of  barium  1:3:  4-dichlorotoluenesulphouate 
isolated  in  the  way  just  described  were  united  and  converted  into 
potassium  salt,  which  was  partly  used  in  the  preparation  of  pure 
1 :  .3  :  4-dichlorotoluene.  11  hydrolyses  were  made,  and  in  each 
50  grams  of  the  salt  were  heated  with  20  grams  of  water  and  250 
grams  of  strong  sulphuric  acid  and  decomposed  by  superheated  steam. 
Hydrolysis  commenced  at  once,  and  the  operation  was  usually  com- 
pleted in  the  course  of  an  hour.  The  total  yield  of  dichlorotoluene 
from  550  grams  of  salt  amounted  to  297  grams,  or  93*5  per  cent,  of 

*  As  stated  on  p.  1063,  the  separation  of  the  parachlorotoluenesulphonic  acid  was 
not  completed.  The  amount  here  given  of  28  grams  corresponds  with  the  57  grams 
of  the  two  forms  of  the  barium  salt  actually  isolated.  If  an  allowance  is  made  for 
a  probable  10  per  cent,  loss  in  the  separation  of  the  dichlorotoluenesulphonic  acid, 
the  parachlorotoluene  in  this  fraction  would,  by  difference,  amount  to  106  grams. 

t  See  preceding  note. 
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the  theoretical,  the  yield  in  individual  experiments  varying  from 
90"  1  per  cent,  to  95*9  per  cent,  of  the  theoretical.  This  product,  on 
the  first  distillation,  gave  291  grams  boiling  at  207°  nnder  764  mm. 
pressure. 

Pure  1:3: 4-dichlorotoluene  is,  as  described  bj  Lellmann  and 
Klotz  QoG.  cit.),  a  colourless,  strongly-refractive  liquid.  The  corre- 
sponding dichlorobenzoic  acid,  prepared  by  heating  5  grams  of  the 
pure  material  with  15  grams  of  phosphorus  pentachloride  at  190 — 200° 
(cf.  Colson  and  Gautier,  Compt.  rend.,  101,  1064;  102,  1075),  and 
oxidising  the  resulting  benzal  derivative  with  potassium  permangan- 
ate in  alkaline  solution,  crystallised  from  alcohol  in  long,  slender,  flat 
needles,  and  melted  at  202°. 

ExaminaUo7i  of  the  TricJilorotoluenesulpJionic  Acid. 

Barium  trichlorotoluenesulpJionate,  (C6HMeC]3'S03)2Ba  +  H2O,  crys- 
tallised from  hot  water,  in  which  it  was  sparingly  soluble,  either  in 
characteristic  groups  of  four  or  five  thin,  curved,  narrow,  elongated 
scales,  springing  from  a  common  point  and  having  their  flat  faces 
superposed  like  a  closed  fan,  or  in  distinct,  thin,  but  not  cnrved, 
elongated  scales  of  irregular  outline.  On  analysis,  it  gave  the 
numbers — 

0*3524  gram  of  substance  lost  0*0084  gram  at  200",  and  gave  0*1176 
gram  BaS04. 

Calculated  for 
(C6HMeCl3-S03)2Ba  +  HoO.  Found. 

H2O 2*52  2*38 

Ba  (in  dry  salt)  . .      19*97  20*09 

Potassium  trichlorotoluenesulphonate,  CeHMeCls'SOsK,  crystallised 
from  water  in  small  scales,  and  was  less  soluble  than  the  dichloro- 
salt.  When  dissolved  in  the  minimum  quantity  of  water  at  80°,  and 
treated  with  absolute  alcohol  (about  five  times  the  volume)  in  such 
quantity  that  crystallisation  did  not  commence  until  the  solution  was 
very  nearly  cold,  it  crystallised  in  groups  of  long,  slender,  flat 
needles,  and,  when  dry,  had  a  brilliant  lustre.  As  the  dichloro-salt 
in  a  mixture  of  the  two,  like  that  described  on  p.  1067,  did  not  sepa- 
rate from  such  a  solution  for  some  hours,  and  then  came  out  in  tufts 
of  very  slender  needles,  it  was  not  difiBcult  to  isolate  both  in  the  pure 
state.  Analyses  of  (I)  the  salt  prepared  from  pure  barium  salt, 
(11)  salt  forming  first  crop  of  crystals  from  the  mixture  "  II " 
analysed  on  p.  1067,  and  (III)  salt  forming  second  crop  of  crystals 
from  the  same  are  given  : — 

T.  0*3546  gram  of  substance  lost  0*0006  gram  at  210°,  and  gave 
0*0984  gram  K2SO4. 
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IT.  0-3086  gram  of  substance  lost  0*0006  gram  at  205°,  and  gave 
00854  gram  K2SO4. 
III.  0'3658  gram  of  substance  lost  0'0124  gram  at  210°,  and  gave 
0-1096  gram  K2SO4. 

Found. 

Calculated  for  ,. ^ s 

CeHMeCla-SOaK.  I.  II.  III. 

H2O —  —  —  3-39* 

K  (in  drj  salt)  . .      12-45  12-46         12-43         13-90 

Sodium  tricJilorotoluenesulpJionate,  CeHMeCls'SOsN'a  +  ^HgO,  crys- 
tallised from  33  per  cent,  alcohol  in  white  tufts  of  very  slender 
needles,  which  were  easily  soluble  in  water. 

0*3952    gram   of    substance  lost   0-0122   gram   at    205°,   and   gave 
0-0954   gram  'NaSO,. 

Calculated  for 
CoHMeClg-SOgNa  +  iH.O.  Found. 

HoO 2-94  3-09 

Na  (in  dry  salt)  . .      7-74  8-07 

Trichlorotoluenesulplwnic  chloride,  CeHMeCla'SOaCl,  crystallised 
from  light  petroleum  (b.  p.  50°),  in  which  it  was  easily  soluble,  in 
short  needles,  and  melted  at  88°. 

0*2164  gram  of  substance  gave,  by  the  Carius  method,  0*4258  gram 
AgCl. 

Calculated  for 
CeHMeCla-SO.Cl.  Found. 

CI. 48-30  48-68. 

1:3:4:  h-Trichlorotoluene  was  obtained  by  the  hydrolysis  of  a  mix- 
tureof  21  gramsof  potassium  trichlorotoluenesulphonate with  10  grams 
of  water  and  100  grams  of  concentrated  sulphuric  acid.  The  yield 
amounted  to  12*6  grams,  or  96  per  cent,  of  the  theoretical.  During  the 
distillation  with  steam  the  first  10  grams  solidified  in  the  condenser 
tube,  but  the  remainder  came  over  as  an  oil.  Both  products  dis- 
tilled completely  at  245-5 — 247°  under  768  mm.  pressure,  and  the 
crystalline  solid  fused  at  42-5°.  On  oxidation  with  dilate  nitric  acid 
at  170 — 180°  for  10  hours,  the  same  trichlorobenzoic  acid  was 
obtained  both  from  the  solid  and  the  oil ;  and  this,  when  j)urified 
from  nitro-acid  in  the  way  already  described,  crystallised  from  dilute 
alcohol  in  slender  needles  melting  at  202 — 203°.  The  oil  solidified 
in  an  ice-bath,  and  fused  again  at  the  ordinary  temperature,  but  the 

*  Altliougli  this  salt  crystallised  with  \  mol.  II2O,  and  differed  in  appearance  from 
the  ordinary  form  of  potassium  1:3:  4-dichlorotoluenesulphonate,  it  gave  the 
same  dichlorotoluenesulphonic  chloride  melting  at  81-5 — 82°. 
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small  quantity  separated  from  tlie  oxidation  product  by  steam  distil- 
lation from  an  alkaline  solution,  like  tlie  corresponding  material  re- 
covered from  the  solid,  crystallised  under  water  and  fused  at  43°.  The 
difference  between  the  melting  points  of  these  two  portions  of  the 
otherwise  apparently  uniform  trichlorotoluene  remains  to  be 
accounted  for. 

The  following  analyses  were  made  : — 
I.  0*2084  gram  of  the  trichlorotoluene  gave,  by  the  Carius  method, 
after  heating  for  34  hours  at  270°,  0-454  gram  AgCl. 

Calculated  for 
Cel-IsMeCla.  round. 

CI 54-47  53-89 

II.  0-2278  gram  of  the  trichlorobenzoic  acid,  dried  at  100°,  gave, 
by  the  Carius  method,  0-4357  gram  AgCl. 

Calculated  for 
CgHsCIg-COOH.  Found. 

CI 47-23  47-31 

Salkowski  (Annalen,  163,  28)  and  Claus  and  Biicher  (Ber.,  20 
1626)  have  described  a  trichlorobenzoic  acid  melting  at  203°,  which 
is  believed  to  have  the  structure  [COOH  :  CI3  =  1  :  3  :  4  :  5].  The 
known  trichlorotoluenes,  the  1:2:3:4-  and  the  1:2:4:  5-deri- 
vatives,  differ  in  properties  from  the  above  (Seelig,  Annalen,  237, 
131),  which  must  have  the  constitution  assigned,*  the  alternative 
1:2:4:  6-formula  being  most  improbable  in  view  of  the  fact  that 
the  1:3:  4-derivative  has  been  shown  to  be  the  only  dichlorotoluene ; 
and,  therefore,  the  only  chloracetoparatoluidide  present  in  the  product 
of  the  action  of  sulpburyl  chloride  on  acetoparatoluidide. 

Examination  of  the   Chlorotoluene  insoluble  in  10  'per  cent.  Anhydro- 

sulphuric  Acid. 

The  31  grams  of  this  material  were  distilled  under  a  pressure  of 
771  mm.,  and  gave  the  following  fractions  : — 

B.  p.  260—268° I  gram. 

268—273° 4  grams. 

273—278° 8       „ 

278—284° 9       „ 

284—294° 3      „ 

above  294° 6       „ 

*  The  fact  that  Lellmann  and  Klotz  (Joe.  cit.)  obtained  1:3:4:  5-dichloro- 
paraniidotoluene  by  the  action  of  chlorine  on  1:3:  4-chloracetparatoluidine  is  an 
additional  argument  in  favour  of  the  constitution  assigned  to  the  new  tricliloro* 
toluene. 
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It  would  seem,  therefore,  to  contain  chiefly  tetrachlorotolaene  with 
some  pentachlorotoluene.     All  the  distillates  were  crystalline. 

The  examination  of  this  high-boiling  chlorotoluene,  and  also  of  the 
crystalline  high-boiling  chloroparamidotoluenes  described  on  p.  10-56, 
is  being  continued. 


III.    SULPHONATION    OF   THE    IsOMEEIC    ChLOROTOLUENES. 

Orthochlorotoluenesulphonic  Acid. 

In  one  of  the  series  of  important  papers  dealing  with  the  replace- 
ment of  the  diazo-radicle  by  halogens,  Sandmeyer  describes  the  pre- 
paration of  orthochlorotoluene  from  orthotoluidine  by  a  method 
involving  the  formation  of  orthodiazotoluene  in  a  nearly  boiling 
10  per  cent,  solution  of  cuprous  chloride,  and  states  that  the  yield 
amounted  to  about  31  per  cent,  of  the  theoretical  (Ber.,  17,  2651). 
As  this  could  not  be  regarded  as  a  satisfactory  yield,  and  as  poor 
yields  seemed  to  be  obtained  only  when  the  process  was  employed 
with  orthamido-derivatives,  the  use  of  cuprous  chloride  solution 
in  the  cold  was  suggested  by  Professor  Armstrong,  and  found  to 
give  excellent  results.  Orthodiazotoluene  chloride,  obtained  by  dis- 
solving 54  grams  of  orthotoluidine  in  a  mixture  of  135  grams  of 
hydrochloric  acid  (sp.  gr.  1'16)  and  80  grams  of  water,  cooling  in 
an  ice-bath,  and  adding  the  requisite  amount  of  sodium  nitrite  in  the 
form  of  a  25  per  cent,  solution,  was  stirred  into  an  ice-cold  solution 
of  cuprous  chloride,  made  by  suspending  25  grams  of  cuprous  chloride 
in  500  c.c.  of  water  and  adding  sufficient  hydrochloric  acid  for  its 
dissolution.     Reaction  at  once  ensued  with  the  evolution  of  nitrogen 

o 

and  formation  of  a  red  solid,  which,  on  remaining  in  contact  with 
the  cuprous  chloride  solution  at  the  ordinary  temperature  during 
the  night,  underwent  change  with  the  production  of  oily  orthochloro- 
toluene. This  was  distilled  with  steam,  washed  with  aqueous 
caustic  soda,  again  distilled  with  steam,  dried,  and  fractionated. 
Under  these  conditions  yields  of  50,  54,  and  54  grams  of  orthochloro- 
toluene boiling  at  156 — 157°,  amounting  to  84*6  per  cent,  of  the 
theoretical  in  the  last  two  cases,  were  obtained  in  three  successive 
experiments  with  the  quantities  given.  With  a  solution  containing 
10  grams  instead  of  25  grams  of  cuprous  chloride,  the  yields  obtained 
in  two  experiments  with  54  grams  of  orthotoluidine  amounted  only 
to  28  and  30  grams,  but  the  question  whether  this  decrease  was  due 
exclusively  to  the  reduction  in  the  quantity  of  cuprous  chloride 
employed  cannot  be  regarded  as  settled  until  further  experiments 
have  been  made. 

Orthochlorotoluenesulphonic     acid     wa3     prepared     by    shaking 
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75  grams  of  orthochlorotoluene  with  225  grams  of  pure  (100  per 
cent.)  sulphuric  acid  ;  the  mixture  became  very  warm,  and  sulphon- 
ation  was  completed  by  warming  in  a  water-bath  at  60°  for  ten 
minutes.  The  acid,  when  poured  into  water,  gave  a  clear  solution, 
which  was  neutralised  with  barium  carbonate,  filtered,  and  frac- 
tionally crystallised  in  the  way  already  described.  Only  one 
sulphonic  acid  seemed  to  be  formed  under  the  conditions  employed, 
since  the  various  separations  of  the  barium  salt  were  uniform  with 
the  exception  of  the  last  two,  the  sixth  and  seventh,  which  crystal- 
lised in  minute  scales,  and  together  weighed  only  2"4  grams.  Hiibner 
and  Majert  {Ber.^  6,  791)  likewise  obtained  only  one  orthochloro- 
toluenesulphonic  acid  by  the  action  of  fuming  sulphuric  acid  on  a 
mixture  of  ortho-  and  para-chlorotoluene,  and  although  their  acid  is 
in  all  probability  identical  with  the  above,  it  is  to  be  noted  that  the 
descriptions  and  the  amounts  of  water  of  crystallisation  of  the  salts 
of  the  two  acids  do  not  always  agree. 

Barium  orthochlorotoluenesulphonate,  (C6H3MeCl*S03)2Ba  +  2H3O, 
crystallised  in  lustrous,  thin,  long  prisms,  sparingly  soluble  in  hot 
water.  The  crystals  were  occasionally  sufficiently  thin  to  be  flexible. 
Analyses  of  the  first  and  fourth  separations  were  made : — 

I.  0'4412  gram  of  substance  lost  0*028  gram  at  190'^,  and  gave 
0-176  gram  BaSOi. 
II.  04232  gram  of  substance  lost  0'0266  gram  at  190°,  and  gave 

0-169  gram  BaSOi. 

Found. 

Calculated  for  ^ * ^ 

(C6H3MeCl-S03)2Ba  +  2H2O. 

H2O 617 

Ba  (in  dry  salt)  . .      24-98 

Potassium  orthochlorotoluenesulphonate,  CeHaMeCl-SOaK  -f-  ^^^O, 
crystallised  from  a  comparatively  dilute  solution  in  beautiful,  thin 
scales,  which  when  dry  had  a  satin-like  lustre. 

0-381  gram  of  substance  lost  0*014  gram  at  185°,  and  gave  0-13 
gram  K2SO4. 

Calculated  for 
CeHaMeCl-SOaK  +  iHaO.  Found. 

H2O 3-55  3-67 

K  (iu  dry  salt) . . .      15*95  15-88 

Sodium  ortJiochlorotoluenesulphonate,  CeHaMeChSOsNa  -f  -^HjO, 
crystallised  from  dilute  solutions  in  thin,  finely  striated,  brittle 
plates,  often  more  than  a  centimetre  in  length,  and  from  concentrated 
solutions  in  narrower,  but  otherwise  similar,  forms.  When  dry,  the 
salt   had  a  calcite-like   lustre.     Analyses  of   two    separations   were 


I. 

II. 

6*35 

6-29 

25*03 

25*04 

I. 

it: 

4-01 

4-03 

.0-09 

10-07 
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made,  as  the  water  of  crystallisation  differed  from  that  of  the  sodium 
chlorotoluenesulphonate  isolated  in  the  purification  of  1:2:  r)-di- 
chlorotoluene  by  sulphonation  (p.  1052)  : — 

I.  0'3792  gram  of  substance  lost  0'0152  gram  at  185°,  and  gave 
0-1134  gram  NaoS04. 
II.  0-3774  gram  of  substance  lost  0-0152  gram  at  190°,  and  gave 
0-1126  gram  NaaSOi. 

Found. 
Calculated  for 
CeHsMeCl-SOaNa  +  iH^O. 

HoO 3-79 

Na  (in  dry  salt)..      10-07 

OrthochlorotoluenesulpJiomc  chloride,  C6H3MeCl'S02Cl,  crystallised 
from  light  petroleum  (b.  p.  50°),  in  which  it  was  easily  soluble,  in 
long,  flattened,  irregularly  developed  prisms  of  pearly  lustre,  belong- 
ing to  the  anorthic  system.     It  melted  at  60°. 

0-3222  gram  of    substance   gave,   by    the   Carius  method,  0-4101 
gram  AgCl. 

Calculated  foi' 
CfiHaMeCl-SOgCl.  Found.    • 

CI 31-55  31-49 

The  sulphonamide  crystallised  from  dilute  alcohol  in  thin,  glistening 
scales,  and  melted  at  128°. 

It  was  proved  that  this  acid  contained  its  sulphonic  radicle  in  the 
meta-position  relatively  to  the  methyl  group,  as  on  reduction  with 
sodium  amalgam  it  gave  toluenemetasulphonic  acid,  identified  by  its 
amide.  An  attempt  was  made  to  convert  it  into  the  corresponding 
dichloro toluene  by  distilling  the  chloride  with  phosphorus  penta- 
chloride,  and  so  to  determine  its  constitution;  bat,  as  in  the  case  of 
the  distillation  of  orthobromotoluenesulphonic  bromide  with  phos- 
phorus pentabromide  (Nevile  and  Winther,  Trans.,  1880,  629  ;  Miller, 
this  vol.,  p.  1030),  the  result  was  unsatisfactory.  From  75  grams  of 
the  chloride,  heated  in  quantities  of  25  grams  with  the  calculated 
quantity  of  phosphorus  pentachloride  at  190°  for  10 — 15  minutes 
until  the  reaction  seemed  to  be  complete,  12  grams  of  an  oil,  having 
the  irritating  odour  of  benzyl  compounds,  and  boiling  between  207^ 
and  240°,  were  obtained.  The  oil,  on  treatment  with  sulphuric  acid 
at  60 — 70°,  evolved  hydrogen  chloride,  and  the  product  when  poured 
into  water  had  an  odour  recalling  that  of  benzaldehyde,  indicating 
that  substitution  of  chlorine  for  hydrogen  in  the  methyl  radicle 
occurred  during  the  reaction  with  the  pentachloride.  The  aqueous 
solution  seemingly  contained  a  dichlorotoluenesulphonic  acid,  sine 
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a  barium  salt  (8'2  grams)  was  obtained  from  it  which  crystallised  with 
four  molecular  proportions  of  water  (H2O,  10*48  per  cent. ;  Ba,  in 
the  salt  dried  at  195°,  22*43  per  cent.)  in  small,  pale  yellow,  crystal- 
line aggregates.  This  was  not  further  examined,  as  it  evidently 
differed  from  the  barium  salt  of  1:2:  5-diclilorotoluenesulphonic 
acid,  and  as  the  sulphonic  acid  obtained  from  orthoclilorotoluene  by 
sulphonation  was  in  the  meantime  shown  to  be  identical  with  that 
derived  from  Nevile  and  Winther's  orthotoluidinesulphonic  acid 
(compare  j^receding  paper). 

It  is  noteworthy  that  while  the  melting  points  of  the  amides  agree, 
those  of  the  chlorides  of  the  acids  obtained  from  the  two  sources  differ 
by  5°  ;  a  like  difference  also  occurs  in  the  case  of  the  orthobromo- 
toluenesulphonic  bromides  (compare  Miller,  this  vol.,  p.  1030;  pre- 
ceding paper,  p.  1041).  The  cause  of  this  difference  has  not  yet  been 
ascertained. 

Metachlorotoluenesulphomc  Acid. 

The  metachlorotoluene  employed  in  the  preparation  of  this  acid 
was  prepared  from  1:2:  5-metachlororthamidotoluene  by  elimination 
of  the  amido-group  (p.  1048).  The  acid  was  obtained  by  shaking 
60  grams  of  metachlorotoluene  with  180  grams  of  pure  (100  per 
cent.)  sulphuric  acid ;  the  mixture  became  warm,  and  the  reaction 
was  completed  by  warming  in  a  water-bath  at  70°  for  a  few  minutes. 
The  product  dissolved  completely  in  water,  and  was  converted  into 
barium  salt  by  neutralisation  with  barium  carbonate.  The  barium 
salt  was  then  fractionally  crystallised,  and  at  first  it  seemed  probable 
that  two  isomeric  sulphonic  acids  had  been  formed  in  the  reaction, 
since  the  first  separation  of  the  barium  salt  was  found  on  re- 
crystallisation  to  come  out  as  a  mixture  of  small,  lustrous  scales 
with  in^egularly  shaped  crystalline  aggregates.  The  latter  could  be 
separated  by  elutriation,  and,  when  recrystallised,  came  out  in  the 
same  form ;  the  potassium  salt  and  the  metachlorotoluenesulphonic 
chloride  obtained  from  this  form  were  identical  with  the  corre- 
sponding compounds  from  the  barium  salt  crystallising  in  scales. 
The  barium  salt  must  therefore  be  regarded  as  dimorphous. 

Barium  metachlorotoluenesulphonate,  (CGH3MeCl*S03)2Ba  +  H2O, 
usually  crystallised  in  small,  nacreous  scales,  smaller  than,  but  other- 
wise similar  in  appearance  to,  the  scaly  form  of  barium  parachloro- 
toluenesulphonate ;  it  was,  however,  more  soluble  in  hot  water 
than  the  latter  salt.  It  was  also  obtained  in  aggregates  of  small, 
irregular  crystals,  as  just  described.  Analyses  of  the  two  forms  were 
made. 

I.  0'3584  gram  of  the  aggregates  lost  0*0118  gram  at  210°,  and 
gave  0*1474  gram  of  BaSO*. 
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II,  0*3948  gram  of  the  scales  lost  0*0124  gram  at  205°,  and  gave 
0-1628  gram  of  BaSOi. 

Found. 

Calculated  for  ( * ^ 

(C6H3MeCl-S03)2Ba  +  HoO.    Aggregates.       Scales. 

HoO 318  3-29  3-14 

Ba  (in  dry  salt)  . .      24-98  25-00  25-02 

Totassium  metachlorotoluenesulphonate,  CeHsMeCl'SOaK,  crystallised 
in  small,  thin,  almost  square  plates,  showing  well-defined  edges. 
When  dry,  it  had  a  vitreous  lustre.  Analyses  of  the  salt  prepared 
from  the  barium  salt  crystallising  (I)  in  aggregates  and  (II)  in  scales 
were  made ;  the  former  was  dried  in  the  air  for  five,  and  the  latter 
for  two  days. 

I.  0-3974  gram  of  substance  lost  0*0024  gram  at  210°,  and  gave 
0-141  gram  K2SO4. 
II.  0-3984  gram  of  substance  lost  0*0028  gram  at  210°,  and  gave 
0-1406  gram  K0SO4. 

Found. 

Calculated  for  ^ " > 

CeHgMeCl-SOsK:. 

H2O — 

K  (in  dry  salt).  . .      15-95 

Sodium  metachlorotoluenesulpJionate,  CeHsMeChSOsNa  +  H2O,  crys- 
tallised from  water  in  rhombs  belonging  to  the  monosymmetric 
system.  The  crystals  had  a  pearly  lustre,  and  usually  showed  stria- 
tions  parallel  with  the  edges  on  the  two  largest  faces,  giving  them 
the  appearance  of  being  intersected  by  two  diagonals. 

0-3946  gram  of  substance  lost  0-0298  gram  at  190°,  and  gave  0*1134 
gram  NaaSOi. 

Calculated  for 

CgHaMeCl-SOgNa  +  H2O.  Found. 

H2O 7-30  7-55 

Na  (in  dry  salt)..      10-07  10*07 

Mr.  W.  J.  Pope,  who  is  examining  the  sulphonic  chlorides  de- 
scribed in  this  paper,  has  had  the  kindness  to  measure  the  crystals  of 
the  potassium  and  sodium  salts  of  this  acid.  He  reports  as  follows : — 


"  Potassium  MetacTilorotoluenesuljpTionate. 

"  This  compound  crystallises  in  large,  transparent  rhombs  having 
a  vitreous    lustre      The    pinaco'id    a  {100}  is  well    developed,   and 


I. 

II. 

0*60 

0*70 

6*00 

15*93 

ACETORTHOTOLUIDIDE  AND  AGETOPARATOLUIDIDE. 


1077 


sometimes  striated  parallel  to  its  edges;  the  form  m{011}  is  small, 
and  generally  also  deeply  corroded  in  lines  parallel  to  its  edges. 


"  Forms  present : — 


a 

m 


{100} ooFco 

{011}  ....    ?oo 


Mean. 

Calculated 

83°  30' 

— 

96    31 

96°  30' 

97    59 

97    55 

82      5 

— 

'  Crystalline  System.     Monosymmetric. 

a:h:c=?:l:  0-8805. 
13  =  81°  22'. 

Number  of 
Angles,     observations.  Limits. 

am     100  :  Oil  7  83°  20'— 83°  48' 

am     loo  :  Oil  6  96   24  —96    36 

mm   Oil  :  Oil  9  97  46  —98      6 

mm   011:011  12  82     4—82      6 


"  There  is  a  good  cleavage  parallel  to  a{100}  and  an  imperfect  one 
parallel  to  7?i{011}. 

*'  Sodium  Metachlorotolucnesulphonate. 

"  This  salt  forms  large,  six-sided,  transparent,  colourless  crystals  of 
pearly  lustre.  With  the  exception  of  the  pinacoid  {100},  all  the 
forms  are  very  small  and  frequently  rounded.  The  form  a{  100}  is 
generally  striated  on  one  face ;  an  optic  axis  emerges  in  the  plane  of 
symmetry  through  this  form.  The  dispersion  is  large.  There  is  a 
poor  cleavage  parallel  to  a{100}.  The  forms  Z{011}  and  5{2ll} 
occur  hut  seldom,  and  give  very  poor  reflections. 
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Forms  present : — 


'f'    ... 

.     {100}  ....     ooPoo 

m   .  .  . 

.     {110}  ....     coP 

0    ... 

.  {111}....  - 

-P 

r  ... 

.  {111} ....  +p 

s  ... 

.    {211}  ....  2P2 

I  ... 

.     {011}  ....    ?oo 

"Ci 

■ystalline 

System.     Monosymmetric. 

a  :  h  :  c 

=  2-0786  :  1  : 

>8936. 

ft  =  59°  8'. 

Number  of 

Angles. 

observations. 

Limits. 

Mean. 

Calculated 

am 

100  :  110 

14 

60"  12'— 61°  15' 

60°  44° 

— 

mm 

110  :  110 

11 

57    54—59      3 

58    33 

58°  32' 

om 

111  :  110 

16 

40    10—40    52 

40    35 

— 

mr 

110  :  111 

3 

56    20—57      9 

56    41 

57      1 

ao 

100  :  111 

14 

50    17—51    13 

50    41 

— 

ar 

100  :  111 

4 

93    54—94    12 

94      2 

94      8 

or 

111  :  111 

6 

34    58—35    51 

35    19 

35    11 

ol 

111  :  Oil 

3 

15      2—15    34 

15    18 

15    18 

rl 

111  :  Oil 

•5 

19    32—20    19 

19    59 

19    53 

as 

100  :  211 

3 

72    51—73    33 

73      9 

73    16 

OS 

111  :  211 

1 

— 

56      7 

56      3" 

Iletachiorotoluenesulphonic  chloride,  CeHaMeCl'SOaCl,  crystallised 
from  light  petroleiim  (b.  p.  50^),  in  which  it  was  easily  soluble  at  the 
boiling  point,  in  brilliant,  long,  orthorhombic  prisms  melting  at  53°. 

0*2019  gram  of  substance  gave,  by  the  Carius  method,  0*2579  gram 
AgCl. 

Calculated  for 
CeHaMeCl-SOoCl.  Found. 

CI 31-55  31-60 

The  suljphonamide  crystallised  from  dilute  alcohol  in  very  small, 
thin  scales,  and  melted  at  182°. 


Farachlorotoluenesulphonic  Acids. 

The  parachloro toluene  employed  was  a  portion  of  that  isolated  in 
the  course  of  the  examination  of  the  product  obtained  by  the  action 
of  sulphuryl  chloride  on  acetoparatoluidide ;  it  boiled  at  161 — 165°. 
The  acid  was  prepared  by  shaking  50  grams  of  parachlorotoluene 
with  150  grams  of  pure  (100  per  cent.)  sulphuric  acid.  About  one 
half  of  the  parachlorotolaene  was  readily  taken  up  by  the  acid,  the 
mixture  becoming  warm,  but  the  remainder  went  up  only  slowly. 
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even  after  warming  in  a  water-bath,  and  sulphonation  was  only  com- 
pleted by  heating  the  mixture  in  a  bath  of  boiling  water  for  40 
minutes,  and  shaking  frequently.  The  product  dissolved  completely 
in  water,  and  was  converted  into  barium  salt  by  neutralisation  with 
barium  carbonate.  On  fractional  crystallisation,  three  separations 
were  obtained  :  the  first  in  aggregates  of  small,  transparent,  irregular 
crystals  much  resembling  sand  grains ;  the  second,  by  evaporation  of 
the  mother  liquor,  in  a  finely  divided,  white,  microcrystalline  form ; 
and  the  third  in  uniform,  thin,  nacreous  scales. 

The  first  separation  was  recrystallised  from  water,  in  which  it  was 
sparingly  soluble.  The  crystalline  form  was  unaltered,  and  a  second 
similar  separation  was  obtained  by  concentrating  the  mother  liquor. 
From  dilate  alcohol  the  salt  crystallised  in  uniform  scales,  closely 
resembling  in  appearance  the  more  soluble  barium  salt,  but  these 
again  crystallised  in  the  sand-grain  form  from  water.  Two  analyses 
of  the  salt  were  made  :  (I)  the  sand-grain  form  crystallised  from 
water  ;   (II)  scales  crystallised  from  dilute  alcohol. 

I.  0*442  gram  of  substance  lost  0'013   gram  at  220°,  and  gave 
0-1814  gram  BaS04. 
II.  0*381  gram  of  substance  lost  0*012   gram  at    200°,   and  gave 
0*156  gram  BaSO^. 

Found. 
Calculated  for 
(C6H3MeCl-S03)2Ba  +  HoO. 

H2O 3*18 

Ba  (in  dry  salt) . .      24*98 

The  intermediate  salt  was  recrystallised  from  water,  in  Avliich  it 
was  sparingly  soluble.  A  first  separation  in  aggregates  of  small, 
sand-grain-like  crystals  was  obtained  without  difficulty,  but  much 
trouble  was  experienced  in  getting  a  uniform  salt  from  the  mother 
liqaor,  which  constantly  gave  mixed  separations  of  scales  with  the 
finely-divided,  microcrystalline  form.  By  elutriation  of  the  mixed 
salt  with  warm  water,  a  solution  was  eventually  obtained,  which  gave 
uniform,  thin,  nacreous  scales  in  three  successive  separations.  The 
intermediate  salt  therefore  seemed  to  be  derived  from  a  mixture  of 
the  acids  yielding  salts  crystallising  respectively  in  aggregates  of 
small,  irregular  crystals  and  in  scales,  and  the  separation  into  its 
constituents  of  the  portion  remaining  after  removal  of  the  scales  by 
elutriation  was  not  proceeded  with.  Analyses  of  the  three  kinds  of 
barium  salt  obtained  in  the  course  of  this  fractional  crystallisation 
were  made :  (I)  sand  grains  ;  (II)  white,  microcrystalline  form 
separated  from  scales  by  elutriation ;   (III)  scales — 

I.  0*3836  gram  of  substance  lost  0'0114  gram  at  195°,  and  gave 
0-1576  gram  BaSO*. 


I. 

II. 

2-94 

3*15 

54*85 

24*84 

1080  WYNNE:   ACTION  OF  SULPHURYL  CHLORIDE  ON 

II.  0-3820  gram  of  substance  lost  0-0114  gram  at  195",  and  gave 

0-1572  gram  BaSOi- 

III.  0-3956  gram  of  substance  lost  0-0114  gram  at  195",  and  gave 

01632  gram  EaSO*. 

Found. 

Calculated  for  i '• . 

(C6H3MeCl-S03)2Ba  +  H2O.  I.  II.  III. 

H2O 3-18  2-97        2-98        2-88 

Ba  (in  dry  salt) . .      24-98  24-88       24-93       24-96 

A  tbird  separation  of  tbe  barium  salt,  that  in  small,  nacreous 
scales,  was  recrystallised  from  water,  in  wbicb  it  was  somewhat  more 
soluble  than  the  sand-grain  form.  From  the  warm  solution  it 
crystallised  uniformly  in  very  thin,  curved  scales,  but  as  the  solution 
cooled,  at  30"  or  thereabouts,  a  second  form  consisting  of  aggre- 
gates of  much  smaller  scales  frequently  made  its  appearance. 
Crystallisation  from  dilute  alcohol  led  to  a  similar  result.  This 
second  form  could  never  be  obtained  free  from  the  first,  and  as  its 
appearance  was  found  to  be  dependent  on  the  temperature  of  the 
solution,  uniform  separations  were  got  without  much  difficulty  by 
filtering  off  the  thin,  curved  scales  from  the  warm  solution,  concen- 
trating the  filtrate,  again  filtering  warm,  and  so  on.  Six  separations 
were  obtained  in  this  way,  and  analyses  were  made  of  (I)  the  first, 
and  (11)  the  sixth  : — 

I.  0-3856  gram  of  substance  lost  0*0122  gram  at  200",  and  gave 
0-1588  gram  BaS04. 
II.  0-3914  gram  of  substance  lost  0*0132  gram  at  200",  and  gave 
0-1618  gram  BaSOi. 

Found. 

Calculated  for  , * ^ 

(C6H3MeCl-S03)2Ba  +  H.O. 

H2O 318 

Ba  (in  dry  salt)..      24-98 

As  a  result,  the  following  amounts  of  the  barium  salts  were 
obtained : — 

"  A"  salt  crystallising  in  sand-grain-like  forms. .      34  grams. 

"B"         „  „         scales 38       „ 

Mixed  „  „  microcrystalline  aggre- 
gates remaining  after  a  partial  separation  of 
the  similar  "  intermediate "  salt  into  the 
sand-grain  and  scaly  forms 16       „ 

The  barium  salt  "  A  "  crystallising  in  sand-grain-like  forms  was 
converted  into  the  potassium  and  sodium  salts. 


I. 

II. 

316 

3-37 

24-99 

25-14 
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Potassium  parachlorotoluenesidphonate,  CeHaMeCl'SOaK  +  ^HoO, 
crystallised  from  an  aqueous  solution  containing  potassium  carbonate 
in  small  quantity  in  bundles  of  silky  looking,  very  slender  needles, 
from  water  in  very  slender,  long,  radiate  needles,  and  from  50  per 
cent,  alcohol  in  long,  slender,  flat  needles,  which  when  dry  showed 
a  nacreous  lustre.  All  the  separations  seemed  uniform.  The  salt 
crystallised  from  dilute  alcohol  was  analysed  : — 

0-4019  gram  of  substance  lost  0-0098  gram  at  190°,  and  gave  0'137 

gram  K2SO4. 

Calculated  for 
CgHaMeCl-SOaK  +  iHoO.  Found. 

HoO 2-39  2-44 

K  (in  dry  salt)  . .      15-95  15*66 

Sodium  parachlorotoluenesulphonate,  CeHsMeChSOaN'a  +  H2O, 
crystallised  from  water  in  radiate,  long,  slender  needles,  and  from 
10  per  cent,  alcohol  in  very  long  (2 — 3  cm.)  slender  needles. 
It  was  very  soluble  in  water,  and  dissolved  easily  in  cold  50  per 
cent,  alcohol.  The  salt  crystallised  from  10  per  cent,  alcohol  was 
analysed : — 

0-3968   gram    of   substance  lost   0-0282    gram   at  210°,  and  gave 
0-1126  gram  ISTazSOi. 

Calculated  for 
CeHgMeCl-SOaNa  +  H2O.  Found. 

HoO 7-30  711 

2^a  (in  dry  salt)  . .      10-07  9-89 

The  parachlorotoluenesulphonic  chloride  obtained  from  these  salts 
was  an  oil,  which  was  purified  by  dissolution  in  light  petroleum  and 
subsequent  evaporation  of  the  solvent.  When  cooled  in  a  mixture  of 
ice  and  salt,  it  became  semi-solid  owing  to  partial  crystallisation,  and 
a  separation  of  the  crystals  from  the  oil  was  effected  by  reverse 
filtration.  The  crystals  so  separated  melted  tor  the  most  part  at  5°, 
and  by  cooling  and  filtering  several  times  one-sixth  of  the  chloride 
was  obtained  in  a  form  which  crystallised  in  very  thin,  lustrous 
scales  melting  at  18°,  and  one-third  in  the  form  of  an  oil  resembling 
the  chloride  prepared  from  the  barinm  salt  "  B,"  the  remainder  being 
apparently  a  mixture  of  the  two. 

The  sulphonamide  obtained  from  the  chloride  fusing  at  18°  crys- 
tallised from  dilute  alcohol  in  short,  lustrous  needles  melting  at 
139 — 140°,  It  would,  therefore,  seem  to  be  identical  with  the 
1:2: 4-parachlorotolueneorthosulphonamide  described  by  Heffter 
{Annalen,  221,  209). 

The  barium  salt  "  B,"  crystallising  in  scales,  was  converted  into 
the  potassium  and  sodium  salts. 

VOL.  LXI.  4  F 
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I*otassium  parachlorotoluenesul'plionate,  CeHgMeCl'SOsK,  crystallised 
from  water  in  radiate  tufts  of  very  small  needles.  It  was  more 
soluble  in  water  than  the  "  A  "  salt,  and  nearly  always  gave  super- 
saturated solutions,  which  required  to  be  sown  with  a  crystal,  and 
then  became  a  semi-solid,  white  mass.  From  50  per  cent,  alcohol, 
in  which  it  was  less  soluble,  it  separated  in  white  bundles  of  short, 
very  slender  needles ;  these,  when  analysed,  gave  the  following  num- 
bers : — 

0'3872   gram  of  substance  did  not  suffer  loss  at  190°,  and  gave 
0-1368  gram  K3SO4. 

Calculated  for 
CeflaMeClSOaK.  Found. 

K 15-95  15-83 

Sodium  'parachlorotoluenesul'plionate,  CsHaMeChSOaN'a  +  H2O,  crys- 
tallised from  water  in  small  scales,  and  from  50  per  cent,  alcohol  in 
striated  prismatic  needles.  It  was  less  soluble  in  water  and  dilute 
alcohol  than  the  "  A  '^  salt.  A  specimen  crystallised  from  alcohol  was 
analysed  : — 

0*4158  gram  of  substance  lost  0*0304  grtim  at  210°,  and  gave  0*12 
gram  K'a2S04. 

Calculated  for 
CfiHaMeCl-SOaNa  +  H2O.  Eound. 

HoO 7-30  7-31 

Na  (in  dry  salt). .      lO'O?  10*08 

The  parachlorotoluenesulphonic  chloride  obtained  from  these  salts 
was  an  oil  which  crystallised  in  a  freezing  mixture.  The  correspond- 
ing sulphonamide  crystallised  from  dilute  alcohol  in  minute  prismatic 
aggregates  melting  at  about  120°. 

The  examination  of  the  parachlorotoluenesulphonic  acids  is  being 
continued  with  the  object  of  isolating  the  two  isomeric  forms  in  a 
state  of  purity ;  parachlorotoluenesulphonic  acids  are  also  being  pre- 
pared from  the  isomeric  paratoluidinesulphonic  acids  for  the  purposes 
of  comparison.  There  can  be  little  doubt,  however,  that  whatever 
may  be  the  nature  of  the  "B"  salt,  the  "A  "  barium  salt,  which,  so 
far  as  appearance  goes,  corresponds  with  the  salt  "  en  petits  grains 
cristallins  qui  se  groupent  souvent  en  mamelons  "  of  Vogt  and  Hen- 
iiinger  (Ann.  Ghim.  Phys.  [4],  27,  133),  consists,  as  these  chemists 
believed,  of  a  mixture  of  two  salts.  The  proportions  of  the 
two  isomeric  salts  in  this  mixed  product  have  yet  to  be  ascertained, 
but  there  is  reason  to  believe  that  the  1:2:  4-salt  is  present  in  the 
smaller  quantity  ;  in  other  words,  that  the  chief  product  of  the  action 
of  sulphuric  acid  on  parachlorotoluene  is  the  1:3:  4-parachlcro- 
toluenemetasul phonic  acid. 
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LXXXIX. — Action    of  Iodine   on   a   Mixture  of  Sulphite  and    Thio- 

sulpJiate. 

By  Arthur  Colefax,  M.A.,  Ph.D.,  Student  of  Christ  Church, 

Oxford. 

In  the  course  of  an  investigation  of  the  change  proceeding  in  an 
acidified  solution  of  sodium  thiosulphate  (this  vol.,  p.  176),  I  had 
occasion  to  examine  the  effect  produced  on  adding  a  solution  of  iodine 
to  a  solution  containing  both  sodium  sulphite  and  sodium  thio- 
sulphate. In  such  a  case,  iodine  might  act  in  one  of  two  ways : 
either  it  might  give  rise  to  the  formation  of  sodium  trithionate,  or 
the  iodine  might  oxidise  the  sulphite  to  sulphate,  and  convert  the 
thiosulphate  into  tetrathionate.  Experiment  proved  that  when  the 
iodine  solution  was  added  quickly  from  a  burette,  the  titration  value 
of  the  mixture  was  the  sum  of  the  titration  values  of  the  components. 
The  same  result  was  obtained  with  a  solution  of  sodium  thiosulphate 
mixed  either  with  a  solution  of  sodium  sulphite,  of  sodium  hydrogen 
sulphite,  or  of  hydrogen  sulphite ;  also  when  the  iodine  acted  on 
hydrogen  sulphite  and  an  acidified  solution  of  sodium  thiosulphate. 
In  the  conclusion  of  my  paper,  I  said  (p.  192)  :  "  The  addition  of 
iodine  to  a  mixed  solution  of  sodium  sulphite  and  thiosulphate  does 
not  produce  a  trace  of  sodium  trithionate.  Hence,  Spring's  statement 
is  not  true  of  the  case  where  a  solution  of  iodine  reacts  with  a  mixed 
solution  of  sodium  sulphite  and  thiosulphate." 

The  above  statement  attributed  to  W.  Spring,  in  contradicting 
which  I  trust  I  was  in  no  wise  discourteous,  though  in  the  interest  of 
truth  I  may  have  been  too  emphatic,  I  found  in  the  Ber.,  7,  1161  : 
"  behandelt  man  ein  Gemenge  von  schwefeligsaurem  Natron  und 
unterschwefeligsaurera  ^^Tatron  mit  Jod  so  wird  trithionsaures  Natron 
gebildet." 

Na^SOs  +  Na^S^Oa  +  I2  =  Na^SaOe  +  2]SraI. 

Roscoe  and  Schorlemmer,  in  their  treatise  on  Chemistry,  have  also 
given  the  same  reference  as  the  source  of  the  above  assertion ;  but  it 
appears  that  this  paper  unfortunately  is  not  an  authentic  communi- 
cation, but  rather  an  unrevised  abstract,  and  Spring  has  admitted 
(Proc.  Chem.  Soc,  No.  Ill,  91)  that  the  above  equation  does  not  re- 
present the  action  of  iodine  on  a  mixture  of  sodium  sulphite  and  thio- 
sulphate. The  production  of  trithionate  from  sulphite  and  thiosulphate, 
through  the  agency  of  iodine,  was,  in  the  original  paper,  assei-ted 
only  with  reference  to  potassium  salts  (compare  Bull.  Acad.  Boy.  Bel. 
[2],  38   112). 

4  F  2 
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To  examine  further  this  distinction  between  potassium  and  sodium 
salts  which  Spring  regards  as  related  to  the  difference  in  stability  of 
the  polythionates  of  potassium  and  sodium,  the  following  experi- 
ments have  been  made  on  the  action  of  iodine  on  a  solution  contain- 
ing both  potassium  sulphite  and  thiosulphate. 

The  method  adopted  was  to  determine  the  value  of  the  iodine 
titration  of  the  mixed  and  constituent  solutions,  and  by  determining 
also  the  acidity  developed,  to  trace  the  transformations  which  the 
sulphite  had  undergone.  When  iodine  and  water  oxidise,  hydrogen 
iodide  is  produced,  and  consequently  there  is  a  development  of  acidity 
in  the  solution.  If  the  ratio  between  the  values  of  its  iodine  titra- 
tion and  the  developed  acidity,  as  measured  by  a  standard  alkali 
solution  be  determined  for  a  solution  of  potassium  sulphite,  it  is 
possible,  from  a  knowledge  of  the  acidity  developed  when  a  solution 
containing  both  potassium  sulphite  and  thiosulphate  is  titrated  with 
iodine,  to  say  what  part  of  that  iodine  titration  value  is  due  to  the 
sulphite  present. 

The  iodine  titration  value  affords  a  means  of  ascertaining  which 
of  the  two  following  equations  represents  the  action  of  iodine  on  a 
solution  containing  potassium  sulphite  and  thiosulphate ; 

I.  K2SO3  +  K2S2O3  +  I2  =  I2  =  2KI  +  K2S3O6, 
II.  2K3S203  +  I2  =  2KI  -f  K2S4O6,  and  K2SO3  +  H^O  +  I2 

=  2HI  +  K2SO4. 

The  first  of  these  alternatives  requires  only  two-thirds  the  quantity 
of  iodine  necessary  for  the  second,  and  no  acidity  is  developed. 

Before  detailing  the  experiments  which  have  been  made,  it  may  be 
well  to  notice  that  Spring  in  his  investigations  seemingly  used  solid 
iodine,  and  accordingly  its  action  was  slower  than  when  in  solution. 
Again,  it  was  used  in  quantities  in  accordance  with  Equation  I,  and 
consequently  at  the  completion  of  its  action,  if  the  action  actually  oc- 
curred as  in  Equation  II,  the  solution  would  contain  unaltered  sulphite 
and  thiosulphate  in  the  presence  of  tetrathionate. 

Action  of  Iodine  on  a  Solution  containing  Potassium  Sulphite  and 
Thiosulphate. 

4'42  grams  of  potassium  thiosulphate  were  dissolved  in  250  c.c.  of 
well  boiled  water  which  had  been  cooled  in  a  current  of  hydrogen, 
and  3*8  grams  of  potassium  sulphite  were  dissolved  in  the  same 
volume  of  boiled-out  water  which  had  been  cooled  in  an  atmosphere 
of  carbon  dioxide.  The  solution  of  iodine  contained  10*16  grams  in 
1000  c.c.  of  an  aqueous  solution  of  potassium  iodide. 
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10  c.c.  of  the  potassium  thiosulphate  solution  required  10  c.c.  of  the 

iodine  solution. 
10  c.c.  of  the  potassium  sulphite  solution  required  20*8  c.c.  of  the 

iodine  solution. 
The  acidity  developed  after  the  oxidation  of  the  potassium  sulphite 

solution   required    1830    c.c.    of    the  ammonia    solution,    using 

methyl-orange  as  an  indicator. 

A  mixture  consisting  of  10  c.c.  of  each  of  the  above  solutions 
required  30*8  c.c.  of  the  iodine  solution  before  an  indication  of  the 
presence  of  excess  of  iodine  was  obtained  with  starch.  The  developed 
acidity  equalled  18*35  c.c.  of  the  ammonia  solution.  The  blue  colour 
of  the  starch  iodide  was  discharged  by  a  drop  of  thiosulphate  solution 
before  the  addition  of  the  methyl-orange. 

In  the  above  experiment,  the  sulphite  and  thiosulphate  were  taken 
almost  in  molecular  proportion.  There  had  been  no  action  between 
the  potassium  salts  involving  the  formation  of  trithionate ;  the 
sulphite  had  been  completely  oxidised,  and  the  thiosulphate  converted 
into  tetrathionate. 

An  exactly  similar  result  was  obtained  when  the  sulphite  was 
present  in  excess.  5  c.c.  of  the  potassium  thiosulphate  and  20  c.c.  of 
the  solution  of  potassium  sulphite  required  46'55  c.c.  of  iodine  solu- 
tion, and  the  developed  acidity  36*70  c.c.  of  the  ammonia  solution. 

A  solution  of  potassium  thiosulphate  and  sulphite,  10  c.c.  of  each, 
was  titrated  with  iodine  at  a  temperature  near  zero.  The  solutions 
of  sulphite  and  thiosulphate  were  cooled  to  1° ;  10  c.c.  of  each  were 
withdrawn,  and  added  to  partly  frozen,  boiled-out  water. 

10  c.c.  of  the  potassium  sulphite  at  1°  required  20*85  c.c.  of  iodine 
solution,  and  the  developed  acidity  equalled  18*40  c.c.  of  ammonia 
solution. 

The  mixed  solution  required  30*8  c.c.  of  iodine  solution,  and  the 
acidity  developed  equalled  18*35  c.c.  of  the  ammonia  solution. 

Here  again  there  was  no  action  of  the  thiosulphate  and  sulphite. 

Iodine  does  not  form,  by  its  action  on  a  dilute  solution  of  sulphite 
and  thiosulphate  of  potassium,  trithionate,  but  oxidises  the  sulphite 
completely  to  sulphate. 

Hence,  an  equation  of  the  nature 

M3SO3  +  M.S^O^  +  1,  =  2MI  +  US.Oe 

does  not  represent  the  action  of  iodine  on  a  mixture  of  sulphite  and 
thiosulphate,  whether  of  potassium  or  sodium,  under  the  conditions 
under  which  1  have  worked.  The  statement  of  Spring  (Bull, 
Acad.  Hoy.  Bel.  [2],  38,  113) — "  En  resume  I'iode  a  done  reelle- 
ment  agi  sur  le  melange  du  sulfite  et  de  I'hyposulfite,  tantot  pour 
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former  du  tetrathionate,  tantofc  du  sulfate  efc  tantofc  du  trihhionate 
de  potassium,  selon  que  son  action  se  faisait  sur  Fhyposulfite,  sur  le 
sulfite  ou  sur  les  deux  a  la  fois,"  in  so  far  as  it  represents  trithion- 
ate  of  potassium  as  an  immediate  product  of  the  interaction  of 
sulphite,  thiosulphate,  and  iodine,  is  not  confirmed  by  any  of  the  facts 
which  I  have  observed. 

Where  the  iodine  is  added  in  the  solid  state,  its  action  is  slow,  par- 
ticularly if  the  temperature  is  kept  low.  If  then  a  secondary  change 
of  the  nature  M2SO3  +  M2S4O6  =  M2S2O3  +  M2S3O6  is  possible, 
such  an  action  of  the  unoxidised  sulphite  on  the  tetrathionate  will 
be  more  likely  to  occur,  when  the  action  of  the  iodine  on  a  mixture 
of  sulphite  and  thiosulphate  is  slow,  and  when  in  consequence  the 
sulphite  remains  in  presence  of  tetrathionate  for  an  appreciable  time, 
Spring  has  suggested  that  such  a  secondary  change  may  account  for  the 
formation  of  trithionate  of  sodium  in  a  case  where  he  found  it  amongst 
the  products  of  the  action  of  iodine  on  excess  of  sulphite  and  thio- 
sulphate of  sodium,  which  had  been  left  to  stand  for  a  few  days. 

I  am  engaged  in  investigating  the  action  of  sulphites  on  tetra- 
thionates,  and  I  hope  shortly  to  publish  the  results  of  my  work.  I 
have  found  that  sulphites  do  act  on  tetrathionates,  whether  of 
potassium  or  sodium  ;  thiosulphate  being  formed  in  a  quantity 
equivalent  to  the  sulphite  which  has  entered  into  the  reaction. 

Potassium  trithionate,  when  formed  in  the  system  in  which  iodine 
is  slowly  acting  on  potassium  sulphite  and  thiosulphate,  is  the 
product  of  the  desulphurisation  of  tetrathionate  by  sulphite,  and  is 
not  a  result  of  the  union  of  sulphite  with  thiosulphate.  When  the 
iodine  is  added  quickly  from  a  burette,  this  secoudary  change  does 
not  take  place,  and  the  developed  acidity  does  not  decompose  the 
thiosulphate. 


A  Determination  of  the  Relative  Velocities  ivith  which  Iodine  acts  on  the 
Sulphite  and  Thiosulphate  occurring  together  in  a  Solution. 

In  attempts  to  gain  knowledge  on  this  point,  the  following  method 
of  experimenting  was  followed.  A  solution  of  sulphite  of  potassium 
or  sodium  is  alkaline,  but  the  gradual  addition  of  iodine  to  such  a 
solution  develops  acidity,  which  at  a  certain  point  overcomes  the 
alkalinity  of  the  salt,  and  the  solution  becomes  acid.  In  titrating  a 
solution  of  a  sulphite  with  iodine,  this  point  may  be  ascertained  by 
previously  adding  to  the  solution  a  few  drops  of  methyl-orange.  The 
change  in  colour  of  the  indicator  is  not  very  sharp,  but  sufficiently  so 
for  the  purpose  of  the  experiment.  The  quantity  of  iodine  to  be 
added  to  overcome  the  initial  alkalinity  was  determined  for  a  solu- 
tion of  the  sulphite,  and  for  a  solution  of  the  sulphite  mixed  with 
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thiosulpliate.  From  these  two  determinations,  the  relative  velocities 
with  which  iodine  acts  on  the  sulphite  and  thiosulphate  when  the}' 
are  together  in  the  same  solution  can  be  ascertained. 

10  CO.  of  a  solution  of  sodium  sulphite  containing  2*8.5  grams  of 
the  salt  dissolved  in  250  c.c.  required  40  c.c.  of  the  iodine  solu- 
tion for  complete  titration,  the  developed  acidity  requiring 
36  c.c.  of  an  ammonia  solution.  A  solution  of  sodium  thio- 
sulphate, in  250  c.c.  of  which  there  were  dissolved  2*505  grams 
of  the  salt,  required  20  c.c.  of  the  iodine  solution  for  the  com- 
plete titration  of  10  c.c.  In  equal  volumes  of  the  solutions  the 
salts  were  dissolved  in  molecular  proportion. 

10  c.c.  of  the  sulphite  solution  had  an  initial  alkalinity  which  was 
overcome  by  the  acidity  developed  by  the  addition  of  13'6  c.c.  of 
the  iodine  solution. 

A  solution  containing  10  c.c.  of  the  sulphite  solution  together 
with  10  c.c.  of  the  thiosulphate  required  19'2  c.c.  of  the  iodine 
solution  before  the  developed  acidity  overcame  the  alkalinity  of 
the  sulphite. 

Hence  the  relative  velocities  are  as 

13-6/40  :  5-6/20  =  0-34  :  0-28 

=  5        :  4      (approx.) 

up  to  the  point  where  almost  a  third  of  the  iodine  requisite  for  com- 
plete titration  has  been  added,  a  quarter  of  the  sulphite  initially 
present  is  acted  on  in  the  same  time  as  one-fifth  of  the  thiosulphate. 

For  solutions  of  the  potassium  salts,  in  which  the  sulphite  and 
thiosulphate  were  also  in  molecular  proportion,  the  above  values  for 
the  sulphite  and  mixed  solutions  were  14*2  and  20*1  respectively. 
These  values  give  almost  the  same  ratio,  5  :  4. 

This  ratio  will  naturally  be  subject  to  the  influence  of  the  masses 
of  the  sulphite  and  thiosulphate,  and  as  the  titration  is  more  nearly 
completed,  will  diminish. 

Conclusions, 

1.  Iodine  acts  on  a  solution  of  sulphits  and  thiosulphate  of  potas- 
sium or  sodium  to  produce  sulphate  and  tetrathionate.  Any  tri- 
thionate  formed  is  the  product  of  a  secondary  change  between  sulphite 
and  tetrathionate. 

2.  When  iodine  acts  on  a  solution  containing  both  sulphite  and 
thiosulphate  of  potassium  or  sodium  present  in  molecular  proportion, 
it  oxidises  the  sulphite  but  very  little  more  quickly  than  it  converts 
the  thiosulphate  into  tetrathionate. 

Christ  Church  Laboratory ^ 
Oxford. 
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No.  IX.     Tlie  Methyl  Salts  of  GampJioric  Acid. 

By  James  Walker,  D.Sc,  Ph.D.,  F.R.S.E. 

Most  of  the  many  formulae  that  have  been  proposed  for  camphoric 
acid  are  based  on  the  assumption  that  this  substance  contains  two 
carboxyl  groups.  Of  late,  however,  Friedel  (Compt.  rend.,  113,  825) 
has  proposed  a  formula  which  represents  it  as  a  monocarboxylic  acid, 
the  second  hydrogen  atom  which  is  actually  replaceable,  being 
attributed  to  a  hydroxyl  group  attached  to  a  carbon  atom  situated 
between  two  carbonyl  groups.  In  support  of  this  formula,  Friedel 
brought  forward  as  evidence  the  existence  of  two  isomeric  hydrogen 
ethyl  salts  of  the  acid,  one  being  prepared  by  direct  etherification, 
the  other  by  half  saponification  of  the  diethyl  salt.  Since  the  sub- 
stances as  first  prepared  by  Friedel  were  in  the  form  of  oils,  and 
therefore  probably  not  completely  free  from  admixture  with  each 
other,  it  appeared  to  me  of  interest  to  prepare  the  corresponding 
methyl  compounds,  one  of  which  was  already  known  and  had  been 
obtained  in  the  crystalline  state.  Briihl  and  Braunschweig  (Ber., 
25,  1796)  and  Haller  (Compt.  rend.,  114,  1516)  have  since  prepared 
two  isomeric  hydrogen  methyl  salts,  and  have  investigated  some  of 
their  properties.  From  their  experiments,  they  conclude  that  Friedel's 
formula  does  not  represent  the  trae  nature  of  camphoric  acid,  the 
two  replaceable  hydrogen  atoms  having  a  similar  function  in  the 
molecule. 

The  substances  which  I  have  obtained  are  apparently  identical 
with  those  described  by  Briihl  and  Braunschweig,  and  by  Haller, 
but  as  the  method  of  preparation  I  adopted  is  to  some  extent 
different  from  those  employed  by  them,  and  as  the  investigation  of 
the  properties  of  the  compounds  was  pursued  in  a  somewhat  different 
direction,  I  may  here  record  the  chief  of  my  results.  In  what 
follows,  I  have  used  the  terms  ortho-  and  aZ/o-methyl  hydrogen 
camphorate  employed  by  Briihl  and  Braunschweig  to  distinguish 
between  the  two  isomerides,  although  the  prefix  ortho-  in  this  con- 
nection seems  objectionable  on  account  of  the  other  significations 
usually  attached  to  it. 

Ortho-Methyl  Hydrogen  Camphor  ate. 

Loir  (Ann.  Chim.  Phys.  [3],  38,  483)  prepared  this  substance  by 
distilling  a  mixture  of  concentrated  sulphuric  acid,  methyl  alcohol, 
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and  camphoric  acid,  replacing  the  distillate  in  the  flask,  and  re- 
distilling several  times.  I  repeated  Loir's  experiments,  and  after  the- 
methyl  alcohol  had  been  driven  off  for  the  last  time,  w^orked  up  the 
residue  as  follows.  The  contents  of  the  distilling  flask  were  poured 
into  water,  and  the  oil  which  separated  was  removed  and  dissolved 
in  a  cold  solution  of  caustic  soda,  a  few  drops  only  remaining  un« 
attacked;  the  solation  was  then  extracted  with  ether  in  order  ta 
separate  the  dimethyl  camphorate  which  is  formed  simultaneously 
with  the  hydrogen  methyl  camphorate.  On  acidifying  the  alkaline 
solution,  an  oil  again  separated,  and  was  removed  by  means  of  ether. 
After  the  ether  had  been  driven  off,  the  oily  residue  solidified  on 
cooling  to  a  mass  of  crystals ;  these  were  very  soluble  in  ether,  much 
less  so  in  light  petroleum,  from  which  they  were  easily  recrystallised. 
The  melting  point  of  the  substance  after  two  or  three  recrystal- 
lisations  was  76°.  Loir  states  that  the  substance  he  obtained 
melted  "  environ  68°  "  :  it  must  therefore  have  been  rather  impure. 
The  various  forms  of  crystals  he  describes  in  his  paper  were  all 
observed  by  me  at  different  times,  the  crystalline  habit  varying  con- 
siderably according  to  the  conditions  of  crystallisation.  The  oriho- 
methyl  hydrogen  camphorate  of  Briihl  and  Braunschweig  has,  accord- 
ing to  them,  the  melting  point  77 — 78°  ;  but  I  was  never  able,  even 
after  repeated  recrystallisation  of  the  substance  from  various  solvents, 
to  obtain  crystals  having  a  melting  point  more  than  a  fraction  of  a 
degree  above  76°.  Haller  gives  75 — 76°  as  the  melting  point  of  the 
purified  substance  prepared  from  camphoric  acid  and  methyl  alcohol 
by  the  action  of  hydrogen  chloride — the  method  of  preparation  also 
adopted  by  Briihl  and  Braunschweig. 

As  hydrogen  ethyl  salts  may  often  be  conveniently  prepared  from 
the  anhydride  of  a  bibasic  acid  by  boiling  it  for  some  time  with  ethyl 
alcohol  (compare  this  vol.,  p.  710),  I  endeavoured  to  obtain  a  hydrogen 
methyl  camphorate  by  boiling  camphoric  anhydride  with  methyl 
alcohol,  but  found  that,  even  after  prolonged  boiling,  the  anhydride 
is  not  appreciably  attacked.  It  then  occurred  to  me  that  the  wished 
for  addition  might  be  effected  if  sodium  methoxide  were  employed 
instead  of  methyl  alcohol.  As  a  matter  of  fact,  the  reaction  takes 
place  with  the  the  greatest  readiness,  the  equation  representing  it 
being 

C8Hu<^g>0  +  NaO-CHa  =  C8Hu<^g^^^^. 

A  weighed  quantity  of  sodium  is  dissolved  in  methyl  alcohol,  the 
solution  of  sodium  methoxide  is  cooled,  and  to  it  is  added  gradually 
the  calculated  quantity  of  camphoric  anhydride  (1  mol.  to  1  at. 
sodium).  The  anhydride  should  be  previously  powdered,  and  the 
temperatare  should  not  be  allowed  to  rise.     The  reaction  takes  place 
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"witli  the  disengagement  of  a  considerable  amount  of  heat,  the  an- 
hydride being  rapidly  attacked,  and  the  sodium  methyl  camphorate 
falling  out  after  a  time  as  a  white,  finely  crystalline  precipitate. 
After  the  mixture  has  remained  for  some  hours  at  the  ordinary 
temperature,  the  methyl  alcohol  is  distilled  off,  and  the  solid,  pure 
white  residue  is  dissolved  in  water,  in  which  it  is  very  soluble.  The 
aqueous  solution  is  acidified,  and  the  oil  which  separates  removed  and 
washed  with  a  little  water.  After  some  little  time,  the  oil  solidifies 
to  a  crystalline  mass  with  a  slight  syrupy  admixture,  from  which  it 
may  be  freed  by  spreading  on  a  porous  tile.  The  residual  crystals  are 
dissolved  in  hot  light  petroleum  and  allowed  to  crystallise.  On  re- 
crystallisation,  the  substance  showed  the  same  melting  point  as  the 
hydrogen  methyl  salt  prepared  according  to  Loir's  method,  namely, 
76°. 

The  following  numbers  were  obtained  on  analysis  : — 

0"lo41  gram  of  substance  gave  034;88  gram  CO2  and  0*1180  gram 

H2O. 

Calculated  for 

CnHi804.  Found. 

C 61-68  61-66 

H 8-41  8-51 

0-1193  gram  of  substance  required  for  neutralisation  5-25  c.c.  of 

1/9-45  normal  baryta  solution,  phenolphthalein    being   used  as 

indicator. 

Calculated  for 
CnHi704-H.  Found. 

"Replaceable  hydrogen 0-467  0-466 

The  substance  has  thus  the  composition  of  methyl  hydrogen 
camphorate,  and  behaves  as  a  monobasic  acid.  It  is  easily  solnble  in 
alcohol,  ether,  benzene,  chloroform,  and  carbon  bisulphide.  It  is 
only  slightly  soluble  in  cold  light  petroleum,  but  dissolves  freely  in 
the  boiling  solvent.  It  also  readily  dissolves  in  aqueous  alkalis  or 
alkaline  carbonates.  A  determination  of  its  solubility  in  water  at 
the  ordinary  temperature  gave  the  following  numbers : — 

100  parts  of  water  at  16°  dissolved  :     I.  0-182  part  substance 

II.  0-182       „ 

In  hot  water  it  is  considerably  more  soluble. 

I  am  indebted  to  Dr.  Hugh  Marshall  for  the  following  description 
of  the  crystals  obtained  from  the  petroleum  solution : — 

"  Ortho-Methyl  Hydrogen  Camphorate. 
"  System. — Rhombic,  sphenoidal  hemihedral. 

"a:b:  c  =  0-6330:  1  :  1-2888. 


OF  CAMPHORIC   ACID. 

"Forms  observed :— 6   =    {010},    c  =    {001}, 
111},  o'  =  4121},  p  =  {110},  <i  =  {Oil}.* 
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"  The  large,  clear  crystals  from  solafcion  in  light  petroleum  are 
generally  tabular  on  c,  occasionally  thick  prismatic  along  the  a-axis. 

"  The  great  majority  have  a  holohedral  appearance,  as  the  form  o' 
occurs  comparatively  seldom,  and  the  forms  o  and  6  are  generally, 
a,lthough  not  always,  nearly  equally  developed.  When  the  form  o ' 
was  observed  it  was  always  well  marked.  In  a  few  cases  a  different 
positive  sphenoid  was  represented,  one  face  of  which  replaced  the 
angle  formed  by  the  faces  111,  Oil,  001.  It  could  not,  however,  be 
accurately  determined,  as  its  faces  were  rough  and  curved.  All  the 
other  forms,  as  a  rule,  gave  good  reflections." 

The  dissociation  constant  of  the  acid  at  25°  was  determined  from 
the  electrolytic  conductivity  of  its  aqueous  solutions  (compare  Walker, 
this  vol.,  p.  696). 


Ortho-Methyl  Hydrogen  Camphorate. 
Jllr^    ■=.  350. 


V. 

/i. 

lOOm. 

\OOJc. 

118 

10-54 

3-01 

0-000794 

236 

14-81 

4-23 

0-000792 

472 

20-8 

5-94 

0-000795 

944 

291 

8-31 

0-000798 

K  = 

=  0-000795. 

The  alkaline  salts  of  the  acid  are  very  soluble  in  water,  the  salts  of 
the  alkaline  earths  fairly  so.  The  copper  salt  comes  down  as  a 
bluish-green  precipitate  when  cupric  acetate  is  added  to  a  dilute 
solution  of  the  sodium  salt.  This  precipitate,  although  quite  in- 
soluble in  water,  dissolves  readily  in  alcohol,  ether,  chloroform,  and 
other  organic  solvents. 

The  above  mode  of  preparation  of  the  sodium  methyl  salt  from  the 
anhydride  seems   to  be  a  general  method  which  may  be  applied  to 

*  Professor  Osann,  who  measured  the  crystals  obtained  by  Briihl  and  Braun- 
flchweiflf,  gives  a  :  b  :  c  =  0-6316  :  1  :  1-2S70.  The  only  forms  observed  wore  c,j>,  «, 
and  o.    The  crystals  he  investigated  were  got  from  aqueous  solution. 
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obtain  alkyl  hydrogen  salts  of  such  bibasic  acids  as  form  anhydrides^ 
thus, 

R"<gg>0  +  NaOR'  =  R"<^8g^,. 

In  this  way  I  have  prepared  various  ethyl  and  methyl  hydrogen 
salts,  and  have  found  the  products  so  formed  to  be  identical  with 
those  obtained  by  the  methods  mentioned  in  this  vol.,  pp.  709 — 711* 
For  example,  phthalic  anhydride  unites  directly  with  sodium  meth- 
oxide  in  methyl  alcohol  solution,  and  the  substance  obtained,  when 
treated  in  the  manner  detailed  above,  yields  hydrogen  methyl 
phthalate  melting  at  83°.  The  melting  point  of  the  substance  ob- 
tained from  the  purified  barium  salt  (this  vol.,  p.  717)  is  82*5°. 

Dimethyl  Camphorate. 

This  substance  may  be  readily  prepared  from  camphoric  anhydride 
by  adding,  in  addition  to  the  methyl  alcohol  and  sodium  used  for 
making  sodium  methyl  camphorate,  1  mol.,  or  rather  more,  of  methyl 
iodide ;  the  metbyl  iodide  is  added  when  all  the  camphoric  anhydride 
has  been  dissolved  in  the  solution  of  sodium  methoxide,  and  the 
mixture  is  then  heated  in  a  closed  vessel  for  24  hours,  at  100".  The 
methyl  alcohol,  and  any  excess  of  methyl  iodide,  are  distilled  off,  and 
the  residue  treated  with  water.  An  oil  separates  which  is  extracted 
by  agitation  with  ether,  the  ethereal  solution  is  dried  with  calcinm 
chloride,  the  ether  evaporated,  and  the  brownish,  oily  residue  dis- 
tilled under  atmospheric  pressure.  It  passes  over  almost  entirely 
between  260°  and  265°.  Briihl  and  Braunschweig  give  the  boiling 
point  of  dimethyl  camphorate  as  264°  under  738  mm.  pressure.  The 
refractionated  substance  (b.  p.  262°,  uncorr.)  is  a  colourless  oil  which 
does  not  freeze  at  —16°,  but  becomes  very  viscid.  Its  density  at 
17*5°,  compared  with  that  of  water  at  4°  as  unity,  was  found  to  be 
1'075.  It  is  strongly  dextrorotatory,  the  rotation  for  sodium  light, 
in  a  tube  200  mm.  long,  being  103°  56'  at  17°.  This  corresponds  to  a 
specific  rotation,  [_oc]d  =  +48*32°.  BriJhl  and  Braunschweig  found 
[a]©  =  +48*16°  at  22°  to  be  the  specific  rotation  of  dimethyl  cam- 
phorate.    Haller  gives  [a]D  =;   +44-40°. 

A  combustion  gave  the  following  numbers  : — 

0'1857  gram  of  substance  gave   0*4291  gram  CO2  and  0*1487  gram 
H3O. 

Calculated  for 

C12H20O4.  Found. 

C 63*16  63*02 

H 8*77  8-90 
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Allo-Methyl  Hydrogen  Camphorafe, 

Dimethyl  camphorate  was  half  saponified  by  boiling  with  the 
calculated  quantity  of  potash  (1  mol.  to  1  mol.)  in  alcoliolic 
solution  for  20  minutes.  The  whole  was  evaporated  down  on  the 
water-bath,  and  water  added  from  time  to  time  until  all  the  methyl 
alcohol  had  been  driven  off:  the  aqueous  solution  was  then  shaken 
up  with  ether,  to  remove  the  small  quantity  of  unchanged  dimethyl 
camphorate.  On  acidification,  a  thick  oil  separated,  which  was  re- 
moved, and  a  further  quantity  obtained  from  the  aqueous  layer  by 
shaking  up  with  ether.  The  syrupy  liquid  obtained  after  drying 
the  ethereal  solution  and  evaporating,  crystallised  on  standing.  The 
crystalline  mass  was  dissolved  in  hot  light  petroleum.  At  first  it 
crystallised  from  this  solvent  in  large,  apparently  quadratic  tables, 
but  on  recrystallisation  it  separated  in  clusters  of  short,  thick  needles. 
These  had  the  melting  point  85'5°,  which  was  not  appreciably  altered 
on  repeated  recrystallisation.  Briihl  and  Braunschweig  give  86 — 87" 
as  the  melting  point  of  the  allo-methyl  hydrogen  camphorate  prepared 
by  the  half  saponification  of  ortho-ethyl  allo-methyl  camphorate. 
Haller  gives  85 — 86"^  for  the  compound  he  obtained. 

The  following  numbers  were  obtained  on  analysis  : — 

0-2028  gram  of  substance  gave  0-4596  gram  CO2  and  0-1566  gram 
H2O. 

Calculated  for 

CnHi804.  Found. 

C 61-68  61-81 

H 8-41  8-58 

The  substance  very  closely  resembles  the  isomaric'acid  ethereal  salt 
in  its  solubility  relations.  It  dissolves  readily  in  alcohol,  ether, 
benzene,  chloroform,  carbon  bisulphide,  and  acetone.  In  hot  light 
petroleum,  it  dissolves  easily,  but  is  only  slightly  soluble  in  the 
cold  solvent.  In  water  it  is  less  soluble  than  its  isomeride,  as  the 
following  numbers  show  : — 

100  parts  of  water  at  16°  dissolved — I.  0*114  part  substance. 

II.  0116     „ 

The  quantity  of  the  or tho- methyl  compound  dissolved  by  the  same 
amount  of  water  is  0-182  part. 

Briihl  and  Braunschweig  were  unable  to  cultivate  crystals  with 
faces  suitable  for  measurements  of  angle.  I  experienced  the  same 
■difficulty  when  the  usual  solvents  were  employed,  but  by  using  a 
solvent  of  low  vapour  pressure  at  the  ordinary  temperature,  so  that 
the  evaporation  proceeded  very  slowly,   I   obtained  well  developed 
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crystals  with  bright  plane  faces.  I  have  again  to  thank  Dr.  Marshall 
for  the  following  account  of  the  crystals  obtained  by  crystallisation 
from  metaxylene  : — 

"  Allo-Methyl  Hydrogen  Camphorate. 

"  System. — Rhombic,  sphenoidal  hemihedral. 

"a:b  :c  =  09727:  1  :  1-2781. 

"Forms  observed  :—c    =    {001},  p    =    {110},  q    =    {Oil},   q    = 
{021},  r  =  {101}. 


"  The  substance  is  necessarily  hemihedral,  as  it  is  optically  active; 
but  as  only  prism  and  end  faces  are  present,  there  is  no  indication 
of  hemihedry  in  the  outward  form. 

"The  crystals  are  colourless  and  transparent,  and  vary  greatly  in 
habit.  One  of  the  most  frequent  conditions  is  that  shown.  From 
solutions  in  carbon  bisulphide  and  light  petroleum  large  tabular 
crystals  are  sometimes  obtained,  consisting  only  of  the  forms  c  and  p. 
These  have  a  quadratic  appearance,  as  the  prism  angle  is  nearly  90'^. 
Solutions  in  acetone  give  crystals  roughly  resembling  a  combination 
of  the  cube  and  octahedron,  composed  of  the  forms  p,  q,  r,  and  c. 
Even  with  the  same  solvent,  considerable  variations  are  exhibited. 
Sometimes  c  is  small,  and  the  crystals  become  prismatic  along  the 
a-axis.     There  is  an  indistinct  cleavage  parallel  to  021." 

A  deternaination  of  the  dissociation  constant  at  25°  gave  the  fol- 
lowing results : — 

AllO'Methyl  Hydrogen  Camphor  ate. 

/^oo   =  350. 
V.  fi.  100m.  1001c. 

209-5  lG-24  4-64  0-00108 

4190  22-8  6-51  0-00108 

8380  31-5  9-00  0-00106 

K  =  0-00108. 

The  salts  of  the  acid,  so  far  as  they  were  examined,  behaved  pre- 
cisely like  those  of  the  isomeride.     In  particular,  the  copper  salt  was 
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found  to  be  insoluble  in  water,  but  easily  soluble  in  the  usual  organic 
solvents. 

It  was  specially  with  a  view  to  determine  the  dissociation  constants 
of  the  isomeric  methyl  hydrogen  camphorates  that  I  undertook  their 
preparation,  for  it  seemed  to  me  that,  from  a  knowledge  of  these 
magnitudes,  it  would  be  possible  to  decide  conclusively  if  Friedel's 
formula  for  camphoric  acid  truly  represented  its  constitution. 
According  to  Friedel,  the  two  isomeric  substances  correspond  to  the 
two  formulee — 

aCgH;  ocCJii 

CH  CH 

y\  /\ 

HaC     CO  H2C     CO 

C-OH  C-OMe 

COOMe  COOH 

Now  Ostwald's  researches  enable  us  to  predict  what  relation  should 
subsist  between  the  constants  of  these  substances,  and  of  the  camphoric 
acid  from  which  they  are  derived.  The  dissociation  constant  of 
camphoric  acid,  as  determined  by  Ostwald,  is  0*00225  (Zeit.  physiJcaL 
Chem.,  3,  402).  Formula  I  belongs  to  a  substance  whose  only  re- 
placeable hydrogen  atom  is  in  a  hydroxyl  group  attached  to  a  tertiary 
carbon  atom.  Such  a  substance  could  scarcely  have  a  dissociation 
constant  greater  than  the  tenth  part  of  that  pertairdng  to  camphoric 
acid  itself  (compare  Bader,  Zeit.  jphysihal.  CJiem.,  6,  290).  The 
isomeride,  on  the  other  hand,  ought  to  have  a  constant  greater  than 
that  of  camphoric  acid,  for  in  the  analogous  case  of  methoxyacetic 
acid,  K  =  00335,  the  constant  is  greater  than  that  of  the  hydroxy- 
acid,  glycollic  acid,  K  =  00228,  from  which  it  is  derived  (Ostwald, 
loc.  cit.^  183 — 184).  If  Friedel,  then,  is  correct  in  assuming  that 
camphoric  acid  contains  only  one  carboxyl  group,  the  constants  of 
the  two  isomeric  methyl  hydrogen  salts  should  be  widely  different,  and 
of  the  order  <  0*0002  and  >  0*003  respectively.  As  a  matter  of  fact, 
we  find  that  the  two  constants  are  not  far  from  being  equal,  viz., 
0-00079  and  0-00108.  These  values,  too,  agree  very  well  with  the 
assumption  that  camphoric  acid  is  a  dicarboxylicacid.  I  have  shown 
(this  vol.,  p.  715)  that  the  value  of  the  constant  of  a  dicarboxylic 
acid  is  to  that  of  the  monethyl  ether  derived  from  it  in  the  ratio  of 
2'3  :  1,  this  being  the  mean  value  for  ten  weak  and  moderately  strong 
acids.  The  corresponding  ratio  is  somewhat  less  for  the  monomethyl 
ethereal  salts,  the  following  being  the  numbers  as  yet  actually  ob- 
tained {loc.  cit.,  717)  : — 
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Ratio. 

Succinic  acid    2'1  :  1 

Phthalic  acid    1-8:1 

Tartaric  acid    2-1:1* 

Using  Ostwald's  value  for  camphoric  acid,  we  obtain  the  following 
ratios  for  the  methyl  hydrogen  salts  : — 

Ratio. 

Ortho-methyl  hydrogen  camphorate 2*1  :  1 

Allo-methyl  hydrogen  camphorate 2*8  :  1 

The  agreement    is    as  close  as  could  be  expected.     With  Friedel's 
formula  the  ratios  should  be  >  10  :  1  and  <  0*7  :  1. 

The  conclusion,  then,  to  which  a  discussion  of  the  dissociation 
•constants  leads  is  that  arrived  at  on  other  grounds  by  Briihl  and 
Braunschweig,  and  by  Haller.  Briihl,  however,  goes  further,  and 
attributes  to  camphoric  acid  the  formula  given  by  Victor  Meyer  and 

,      H2C— C— COOH 
Ballo,  namely,        1 ' pz-jz-j-rrJ  according  to  which  it  is  a  succinic 

^         I 
CH3 

acid  derivative.     Ostwald  pointed    out  that  this  formula   is   highly 

improbable,  because  the  dissociation  constant  of  the  acid  is  only  a 

third  of  that  of  succinic  acid,  whereas  all  the  hydrogen  and  carbon 

acids  derived  from  that  substance  have  constants  greater  than  that  of 

the  parent  acid.     The  mere  fact  of  there  being  a  tetramethylene  ring 

in  the  structure  is  not  sufficient  to  account  for  the  smallness  of  the 

•constant  (compare  this  vol.,  p.  705).     There  would  rather  seem  to  be 

some   peculiarity  in  the   constitution  of  camphor  derivatives  which 

•depresses  the  value  of  the  constant,  not  only  of  camphoric  acid,  but 

of  the  other  related  carboxyl  acids.     Thus  camphorcarboxylic  acid, 

•campholic  acid,  and  the  hydrogen  methyl  camphorates  have  all  values 

much  lower  than  we  should  be  disposed  a  jpriori  to  attribute  to  them, 

on  the  assumption  that  they  are  carboxyl  acids  of  the  ordinary  open 

•or  closed  chain  type. 

*  Walden,  Zeit.  physiJcal.  Chem.,  8,  474. 
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prepare,  132. 
lowering  of  the  freezing  point  of 

cadmium  by,  904. 
' lowering  of  the  freezing  point  of 

lead  by,  910. 
— —  lowering  of  the  freezing  point  of, 

when  alloyed  with  other  -metals,  888, 

892. 
Boiling  points  of  solutions  of  metallic 

chlorides,  340. 
Boron,  atomic  weight  of,  650. 

bromide,  preparation  of,  655. 

Bran,  distillation  of,  with  lime,  Proc, 

1892,  138. 
B:omanilic  acid,  crystalline  form  of  the 

sodium  salt  of,  582. 
Bromides    of    potassium,    sodium,    and 

hydrogen,  action  of  sulphuric  acid  on, 

94. 
Bromine  and  chlorine,  relative  orienting 

effect  of,  Peoc,  1892,  40. 
Bromochloranilic  acid,   crystallography 

of  the  sodium  salt  of,  584. 


c. 


Cabbage,  cooked,  composition  of,  227. 
Cadmium     and     gold,     compound    of, 

914. 

hydrosulphide,  129. 

lowering  of  the  freezing  point  of 

bismuth  by,  895. 
lowering  of  the  freezing  point  of 

lead  by,  907. 


Cadmium,  lowering  of  the  freezing  point 

of,   when  alloyed  with  other  metals, 

888,  897. 

mercuric  cyanide,  687. 

Cadmium-silver  alloy,  analyses  of,  913. 
Calcium  chloride,  boiling  points  of  solu- 
tions of,  3iO. 

hydrogen  imidosulphonate,  968. 

imidosulphonate,  968. 

sodium  imidosulplionate,  968. 

Camplior,  production  of,  1  :  2  :  4-acetyl. 

orthoxvlene  from,  Proc,  1891,  188 ; 

1892,  54. 
Camphoric  acid,  constitution  of,  1096. 

methyl  salts  of,  1088. 

new  acid  from^  Peoc,  1892, 

55,  68. 
Camphorone,  Proc,  1891, 188, 1892,  54. 
Carbazides,     semithio-,      disubstituted, 

1012. 
Carbon   bisulphide   flame,    experiments 

on,  216. 
Carbon  deposited  from  coal-gas  flames, 

Proc,  1S92,  46. 
Carbon-chains,  closed,  synthetical  form- 
ation of,  36,  37. 
Carbonic-oxide-hsemoglobin,      solutions 

of,  159. 
Carrots,  cooked,  composition  of,  227. 
Cauliflower,  cooked,  composition  of,  227. 
Celery,  cooked,  composition  of,  227. 
Cellulose,  colloidal  solutions  of,  1 56. 
Cellulose-dissolving  enzyme  inthediges- 

tive   tract  of  certain  animals,    search 

for  a,  352. 
Chloranilic   acid   and   bromanilic   acid, 

compound  of,  574. 
■ crystallography  of  the  sodium 

salt  of,  583. 
Chlorates,    iodometric     estimation     of 

chloric  acid  in,  87. 
Chloric  acid,  iodometric  estimation  of, 

in  chlorates,  87. 
Chlorides,  metallic,  physical  properties 

of  solutions  of,  339. 
Chlorine  and  bromine,  relative  orienting 

effect  of,  Peoc,  1892,  40. 
use   of    platinous    chloride   as   a 

■source  of,  445. 
Chromic  acid,  405. 

chloride,  solutions  of,  153. 

hydrate,  colloidal  solutions  of,  154. 

Cinnamic    acid,  refractive  power  of,  at 

different  temperatures,  306. 

acids,  isomeric  a-bromo-,  278. 

Cinnamylphenylazimide,    formation  of, 

282. 

imide  of,  283. 

Citrazinic  acid,  1008. 

Citric     acid,     anhydro-derivatives     of, 

1003. 
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Citric  acid,  dissociation  constants  of, 708. 
Coal,  action  of    dilute,   nitric    acid  on, 

Proc,  1892,  9. 
Coal-dust  explosions,  lecture  experiment 

to  illustrate  the  phenomena  of,  414. 
Coal-gas  flame-",  carbon  deposited  from, 

Proc,  1892,  46. 

experimentson,205, 210. 

luminosity  of,  322. 

Colloid    solutions,   pedetic    motions    in 

relation  to,  Proc,  1892,  17. 
Colour,  appearance  of,  in  quinoline  de- 
rivatives, 789. 
as    an    evidence    of    isodynamic 

change,  Pboc,  1892,  103. 
origin  of,  789  ;   l^ROC,  1892,  101, 

103. 
Colour  photometry,  Psoc,  1891,  150. 
Concentration,    effect    of,    on    alcoholic 

fermentation,  369. 
Congo-red,  coUo'.dal  solutions  of,  156. 
Constitution   and   colour,    relation   be- 
tween, 789  ;  Proc,  1892,  lul,  103. 
Copper   chloride,   measurement    of   the 

vapour  pressures  of  solutions  of,  775. 

hydrosulphides,  120. 

• lowering  of  the  freezing  point  of 

bismuth  by,  893. 
lowering  of  the  freezing  point  of 

cadmium  by,  898. 
• lowering  of  the  freezing  point  of 

lead  by,  905. 
Corydaline,  244,  605. 
action    of    hydrogen    iodide     on, 

609. 

allyl  iodide,  249. 

ethjl  sulphate,  607. 

hydriodide,  246. 

hydrobromide,  607. 

methiodide,  248. 

platinochloride,  247. 

Corqdalis  tuberosa^  alkaloid  from,  244, 

605. 
Crvptopine  and  ita  derivatives,  Pboc, 

i891,  166. 
Cucumbers,     cooked,    composition     of, 

227. 
Cyanogen  flame,  experiments  on,  215. 


Dextrose,  fermentation  of,  with  Bacillus 

ethaceticu.s,  436. 
obtained  from  cane  sugar  by  means 

of   invertnse,  specific  rotatory  power 

and  cupric-reducing  power  of,  408. 
Diacetylacetone,  825,  858. 
refractive  and  dispersive  powers  of, 

860. 
Diacetylmetachlorobromoquinol,  563. 


Diacetylmetadichlorobromoquinone, 
567. 

Diacetylmetadichlorodibromoquinol, 
580. 

Diacetylmetadichloroquinone,  560. 

Diacetylparadichlorobromoquinol,  565. 

Diacetyltrichlorobromoquinol,  593. 

Diammonium  imidosulphonate,  946. 

Diargentic  sodium  imidosulphonaite,  975. 

Diastatic  action,  689. 

Diazoamido-compounds,  ethylene  deri- 
vatives of,  Proc,  1892,  119. 

Dibenzylpimelic  acid,  wtx)'-,  dissociation 
constant  of,  702. 

Dicarboxyglutaconic  acid,  791. 

Diethylaniline,  action  of  silicon  tetra- 
chloride on,  457. 

Diethylpentanetetracarboxylic  acid,  dis- 
sociation constant  of,  704. 

Diethylpimelic  acid,  oioi'-,  dissociation 
constant  of,  701. 

Digestive  tract  of  certain  animals,  search 
for  a  cellulose-dissolving  enzyme  in, 
352. 

Dihydroxyhydrolapacbol,  647. 

Dihydroxy-a-picoline,  o'y-,  723. 

dibromide,  724. 

Diisopropylpimelic  acid,  wto'-,  dissocia- 
tion constant  of,  702. 

Dimethyl  camphorate,  1092. 

Dimethylaniline,  refractive  power  of,  at 
difi^erent  temperatures,  302. 

Dimethyldihydropentene  methyl  ketone, 
77. 

ketoxime,  79. 

Dimethyldihydropentenedicarboxylio 
acid,  81. 

Dimethylpentanjethylenemethylcarb- 
inol,  79. 

Dimethylpentanetetracarboxylic  acid, 
dissociation  constant  of,  704. 

Dimethylpimelic  acid,  wm'-,  dissociation 
constant  of,  701. 

Diphenylamine,  action  of  silicon  tetra- 
chloride on,  454. 

Diphenylcyanamide,  Proc,  1892,  96. 

Diphenylthiourea,      unsymmetrical, 
Proc,  1892,  96. 

Dipotassium  imidosulphonate,  952. 

Dipropylpim*  lie  acid,  ww'-y  dissociation 
constant  of,  701. 

Disodium  imidosulphonate,  954. 

Dissociation  constants  of  organic  acids, 
696. 

of  liquid  nitrogen  peroxide,  242. 

Ditetramethylene  diplienyl  glycol,  66. 

Ditolvlsemithiocarbazide,  ortho-,  1017. 

Ditolylsemithiocaibazide,  pani-,  1088. 

Dulcitol,  a  pure  fermentation  of,  254. 

and  calcium  chloride,  compound 

of,  275. 
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Electrical  conductivity  of  organic  acids, 

696. 
Electrolysis  of  potassium  acetate  solu- 
tions, 10. 
Element,  new,  in  an  Egyptian  mineral, 

491. 
Enzyme,  cellulose-dissolving,  search  for, 

in     the    digestive    tract   of     certain 

animals,  352. 
Ethane,  action  of  beat  on,  329. 
Ether,  influence  of,  on  the  velocity  of 

the  hydrolytic  action  of  yeast,  935. 
Ethereal    salts,    action   of    sodium    on, 

Proc,  1891,  167. 
Ethoxymetaxylenesulphonic  acid,  Peoc, 

1891,  190. 
Ethoxytetramethylenecarboxylic     acid, 

46. 
Ethyl  acetoacetate,  action  of  propylene 

bromide  on  the  sodium  derivative  of, 

67. 

magnetic   rotation   of,   808, 

838. 

■  acetonedicarboxylate,  magnetic  ro- 
tation of,  812,  839. 

• acetoneoxalate,  refractive  and  dis- 
persive powers  of,  854. 

magnetic  rotation    of,   820, 

853. 

acetophenoneoxalate,  magnetic  ro- 
tation of  833,  864. 

acetylmethyltrimethylenecarb- 

oxylate  [1:2:  1],  67. 

— —  allylacetoacetate,  magnetic  rota- 
tion of,  809. 

amidoethylenedicarboxylate,  792. 

iS-amidocrotonate,  magnetic  rota- 
tion of,  828,  859. 

refractive    and    dispersive 

powers  of,  861. 

ben zoylacetate,  action  of  propylene 

bromide  on  the  sodium  compound  of, 

82. 
-: magnetic    rotation    of,   831, 

861. 
benzoylmethyltriraethylenecarb- 

oxylate,  84. 
— —  benzyldicarboxyglutaconate,  action 

of  phenylhydrazine  on,  795. 

a-bromocinnamates,     action      of 

phenylhydrazine  on,  279. 

cinnamate,  refractive  power  of,  at 

different  temperatures,  304. 

diacetoacetate,    magnetic  rotation 

of,  823,  854. 

refractive    and    dispersive 

powers  of,  857. 

I dicarboxyglutaconate,    action   of 

ammonia  on,  791. 


Ethyl  dicarboxyglutaconate,  action  of 
phenylhydrazine  on,  793. 

ethylacetoacetate,  magnetic  rota- 
tion of,  809,  837. 

ethylideneacctoacetate,      magnetic 

rotation  of,  810,  837. 

hydrogen  adipate,  dissociation  con- 
stant of,  712. 

dimethylmalonate,  dissocia- 
tion constant  of,  712. 

ethylmalonate,    dissociation 

constant  of,  712. 

'  fumarate,  dissociation  con- 
stant of,  714. 

isosuccinate,  dissociation  con- 
stant of,  712. 

maleate,  dissociation  constant 

of,  714. 

■  malonate,  dissociation  con- 
stant of,  711. 

phthalate,  dissociation  con- 
stant of,  714. 

r sebate,  dissociation  constant 

of,  713. 

suberate,  dissociation  con- 
stant of,  713. 

succinate,  dissociation  con- 
stant of,  711. 

iodide,  preparation  of,  7 17. 

methyldiacetyladipate,  73. 

decomposition  of,  by  heat,  75. 

phenylhydrazilethylenedicarboxyl- 

ate,  794. 

phenylpyrazolonecarboxylate,  794, 

798. 

Ethylacetylacetone,  magnetic  rotation 
of,  813,  85L 

Ethylaniline,  action  of  silicon  tetrachlor- 
ide on,  455. 

Ethy  Idimethy  lamidobenzene  [6:1:4:3], 
420. 

Ethylene,  action  of  heat  on,  329. 

explosion   of,    with   less    than  its 

own  volume  of  oxygen,  873. 

flame,  experiments  on,  210. 

Ethylene-derivatiyes     of      diazoamido- 

conipounds,  Proc,  1892,  119. 
Ethylthiourea,  action  of  nitrous  acid  on, 

525. 


F. 


Fermentation,    alcoholic,    influence    of 

oxygen  and  concentration  on,  369. 
influence  of    the    hydrolytic 

action  of  yeast  on  its  power  of,  940. 
of    arabinose    with    tbe   Bacillus 

ethaceticiis,  737. 
of    mannitol    and    dextrose    with 

Bacillus  ethaceticus.  432. 
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Fernienfcation  of  mannitol  and  dulcitol, 

a  pure,  254. 
Ferric  hydroxide,  colloidal  solutions  of, 

152,  162. 
Ficus   rubiginosa  and  F.   macrophylla, 

resins  of,  916. 
Flame,   coal-gas,   flat,   temperature    of 

various  parts  of,  326. 

structure  of,  331. 

Flame-coloration,  origin  of,  Proc.,1892, 

8. 
Flames,  coal-gas,  carbon  deposited  from, 

Peoc,  1892,  46. 

luminosity  of,  322. 

luminous,  structure  of,  217. 

non-luminous,     experiments     on, 

205. 
origin    of    acetylene    in,    Peoc, 

1892,47. 

structure  and  chemistry  of,  204. 

the     interactions     occurring      in, 

Peoc,  1892,  22. 
Fluorescence,  appearance  of,  in  quinine 

salts,  789. 
Fluorosulphonic  acid,  921. 
Frangulin,  1. 
■         composition  of,  3. 

hydrolysis  of,  4. 

■ preparation  of,  1, 

Freezing  points  of  cadmium,  bismuth, 

and    lead,    lowering    of    the,    when 

alloyed  with  other  metals,  888. 


G. 


Gas,  coal-,  flame,  experiments  on,  205, 

210. 
• flames,    carbon    deposited 

from,   Peoc,  1892,  46. 

luminosity  of,  322. 

water-,  action  of,  on  iron,  Peoc, 

1891,  126. 
Gases   evolved    in   the  fermentation  of 

arabinose,  741. 
evolved    in    the    fermentation    of 

dextrose,  438. 
evolved    in    the   fermentation    of 

dulcitol,  262. 
evolved    in    the    fermentation    of 

mannitol,  263,  434. 
Gas-volumeter,  Peoc,  1891,  171. 
Glass,  adhesion  of  mercury  to,  in  pre- 
sence of  halogens,  452. 
GlycoUic      acid,      crystallography      of, 

Peoc,  1892,  72. 

preparation  of,  Puoc.,1892,72. 

anilide,  Peoc,  1892,  72. 

Gold  and  cadmium,  compound  of,  914. 
■         hydrosulphide,  135. 


Gold,  lowering  of  the  freezing  point  of 

bismuth  by,  897. 
lowering  of  the  freezing  point  of 

cadmium  by,  902. 
lowei'ing  of  the  freezing  point  of 

lead  by,  909. 
Gold-lead  alloy,  analysis  of,  912. 
Gravivolumeter,  Peoc,  1891,  171. 


H. 

colloidal     solutions 


of, 


Hsemoglobin, 

of,  157,  162. 
Haricot  beans,  cooked,  composition  of, 

227. 
Heats  of  combustion  of  cooked   vege- 
tables, 240. 
Heptane  flame,  experiments  on,  210. 
refractive   power  of,  at   diffei'cnt 

temperatures,  294. 
Hexahydrophthalic    acid,  synthesis   of, 

172. 
Hexamethylenetetraoarboxylic      acid, 

dissociation  constant  of,  706. 
Homonapelline,  393. 
Hydrazines  of  quinoline,  782. 
Hydrobromic  acid,  pure,  preparation  of, 

97. 
Hydrocarbons,  flames  of,  204,  210,  212. 
Hydrogen  bromide,  action  of  sulphuric 

acid  on,  99,  100. 

flame,  experiments  on,  215. 

sulphide   flame,    experiments    on, 

216. 
Hydrolapachol,  chlor-,  631. 

dibromo-,  643. 

Hydrolytic  action  of  yeast,  velocity  of, 

928. 
Hydrosulphides,  metallic,  114. 
Hydro xyhydrolapachol,  628. 
Hydroxy-/3-lapachone,  649. 
Hydroxytetramethylenecarboxylic  acid, 

44. 
Hyoscyamine,     existence     of,    in     the 

lettuce.  90. 


Imidosulphonamide,  952. 

Imidosulphonates,  943. 

Imidosulphonic  acid,  945. 

Indium  hydrosulphide,  134. 

Iodine,  action  of,  on  potassium  chlor- 
ate, 925. 

action  of,  on  potassium  sulphite 

and  thiosulpiiate,  1083. 

Iron,  action  of  water-gas  on,  Proc, 
1891,  126. 

wrought,  estimation  of  slag  in,  551. 
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K, 


Ketonic  compounds,  magnetic  rotation 
of,  800. 


Lactic  acid,  resolution  of,  into  its  op- 
tically active  components,  754. 

Lapachic  acid,  bromo-,  Paterno's,  638. 

constitution  of,  611. 

Lapacliol,  constitution  of,  611. 

Lapaclione,  o-,  635. 

Lapachone,  )8-,  626. 

bromo-,  638. 

Lead  hydrogen  imidosulphonate,  970. 

imidosul}^ lion  ate,  969. 

five-eighths  oxy-,  978. 

■ hemihydroxy-,  970. 

lowering  of  the  freezing  point  of 

cadmium  by,  903. 

lowering  of  the  freezing  point  of, 

when  alloyed  with  other  metals,  888, 
904. 

Lead-gold  alloy,  analysis  of,  912. 

Lead-thallium  alloy,  analyses  of,  914. 

Lecture  experiment,  to  illustrate  the 
phenomena  of  coal  dust  explosions, 
.414. 

Lettuce,  cooked,  composition  of,  227. 

existence  of  hyoscyamine  in,  90. 

Levulinic  a^id,  magnetic  rotation  of, 
800. 

Light,  action  of,  on  silver  chloride,  728. 

Limettin,  344. 

action    of    hydrating    agents    on, 

351. 

action  of  hydriodic  acid  on,  350. 

dibromo-,  348. 

nitro-,  350. 

oxidation  of,  346,  349. 

tricliloro-,  349. 

Lithium  chloride,  boiling  points  of  solu- 
tions of,  341. 

Luuiinosity  of  coal-gas  flames,  322. 


M. 

Magdala-red,  solutions  of,  160, 163. 

Magnesium  chloride,  boiling  points  of 
solutions  of,  341. 

lowering  of  the  freezing  j)oint  of 

lead  by,  904. 

Magnetic  rotation  of  compounds  sup- 
posed to  contain  acetyl,  or  to  be  of 
ketonic  origin,  800. 

of    dissolved    salts,    Peoc, 

1892,  12. 


Mannitol,  a  pure  fermentation  of,  254. 

fermentation    of,    with    Bacillus 

ethaceticus,  432. 

Masrite,  494. 

Masrium,  494. 

Mercuric  cadmium  cyanide,  687. 

chloride,  boiling  points  of  solutions 

of,  340. 

cyanide,  boiling  points  of  solu- 
tions of,  340. 

disodium  imidosulphonate,  980. 

zinc  cyanide,  QQ^^. 

Mercury,  adhesion  of,  to  glass  in  pre- 
sence of  halogens,  452. 

compounds   of    acetj^ene,    Peoc, 

1892,  110. 

dihydrogen  imidosulphonate,  977. 

hydrosulphides,  123. 

imidosulplionates,  976. 

constitution  of,  985. 

lowering  of  the  freezing  point  of 

bismuth  by,  897. 

lowering  of  the  freezing  point  of 

cadmium  by,  903. 

lowering  of  the  freezing  point  of 

lead  by,  910. 

potassium  imidosulphonate,  976. 

sodium  imidotulphonates,  980. 

sulphide,    colloidal    solutions    of, 

138. 

-- —  volumetric  estimation  of,  364, 

Methane,  a -tion  of  heat  on,  328. 

flame,  experiments  on,  210. 

Methyl  acetoneoxalate,  magnetic  rota- 
tion of,  822,  853. 

acetophenoneoxalate,       magnetic 

rotation  of,  833,  863. 

bromotetramethylenecarboxylate, 

43. 

hydrogen  camphorate,  alio-,  1093. 

crystallography  of, 

1094. 

ortho-,  1088. 

crystallography  of, 

1088. 

phthalate,  dissociation  con- 
stant of,  717. 

succinate,  dissociation  con- 
stant of,  716. 

Methylacetvlacetone,  magnetic  rotation 
of,  813,  842,  848. 

refractive  and  dispersive  powers  of, 

850,  852. 

Methylene  iodide,  refractive  power  of, 
at  different  temperatures,  296. 

Methylthiocarbimide,  compound  of, 
with  aldehyde-ammonia,  517. 

Molecular  weights  of  substances  in 
solution,  modification  of  Beckmann's 
boiling  point  method  of  determining 
the,  989. 
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Moljbdic   acid,    colloidal   solutions    of, 

155. 
Mushrooms,    cooked,    composition     of, 

227. 


N. 


Napelline,  391. 

Naphthalene,  a-  and  /3-bromo-,  action  of 

bromine  on,  Proc,  1891,  181. 

chlorobromonitro-  [1:4:  2],  768. 

dibromonitro-  [1:4:  2],  76^. 

homonueleal,     tri-derivaitives     of, 

765. 

nitrobromiodo-  [2:4:1],  767. 

Naphthalenes,  dibromo-,    isomeric,  the 

sulphochlorides  of,  Proc,  1891,  182. 
Naphthalenesulphonic  a'-ids,  dibromo-, 

preparation    of     ethereal     salts     of, 

Proc,  1891,  184. 
Naphthylamine,  bromo-  (m.  p.  62°),  non- 
existence of,  766. 
Naphthylamine,  a-,  refractive  power  of, 

at  different  temperatures,  303. 
Naphthylamine,     /3-,    4  :  1-bromiodo-, 

767. 
Naphthylphenylsemithiocarbazide,      a-, 

1019. 
Naphthjlphenjlsemithioearbazide,      fi-, 

1020. 
Nitric  peroxide,  liquid,  dissociation  of, 

242. 
Nitro-compounds,  coloured,  constitution 

of,  Proc,  1892,  101. 
Nomenclature,  international  system  of, 

Proc,  1892,  127. 
• of  cycloids,  Peoc,  1892,  127. 


0. 


of,    at 


Octyl   iodide,   refractive   power 

different  temperatures,  295. 
Onions,  Spanish,  cooked,  composition  of, 

227. 
Oxal-/3-naphthalide,  dinitro-,  466. 
Oxalortliotoluidide.  dinitro-,  4-63. 

tetranitro-,  464. 

Oxalparatoluidide,  tetranitro-,  465. 
Oxauilic  acid,  nitro-,  4G8. 

dinitro-,  468. 

trinitro-,  469. 

Oxanilide,    action    of    nitric    acid   on, 

458. 
and   its   homologues,   preparation 

of,  459. 
— ' —  hexanitro-,  462. 

hydrolysis  of,  462. 

—  tetranitro-,  160. 

—  hydrolysis  of,  461. 


Oxyamidosulphonates,  action  of  alkali 
on,  988. 

Oxygen  dissolved  in  water,  estimation 
of,  310. 

influence  of,  on  alcoholic  fermen- 
tation, 369. 

Oxyhaemoglobin,  solutions  of,  158. 

Oxymercuric  hydrogen  imidosulphonate, 
977. 

sodium  imidosulphonate,  983. 


Palladium,  atomic  weight  of,  745. 

lowering  of  tlie  freezing  point  of 

bismuth  by,  894. 
lowering  of  the  freezing  point  of 

cadmium  by,  900. 
lowering  of  the  freezing  point  of 

lead  by,  906. 
Paper,    drawing,    the    acid   action    of, 

Proc,  1892,  19,  34. 
Parsnips,  cooked,  composition  of,  227. 
Peas,  cooked,  composition  of,  227. 
Pedetic  motion  in  relation  to  colloidal 

solutions,  Proc,  1892,  17. 
PentamethylenedicarhoxyHc     acid,     /3-, 

dissociation  constant  of,  706. 
Pentane  flame,  experiments  on,  210. 
Phenetoil,  sulphonic  acids  derived  from, 

Proc,  1892,  90. 

diorthdchloroparabromo-,  560. 

Phenyl  bromide,  retractive  power  of,  at 

different  temperatures,  299. 
chloride,    refractive  power   of,   at 

different  temperatures,  298. 
iodide,  refractive  power  of,  at  dif- 
ferent temperatures,  300. 
Phenylamines,    substituted,    action    of 

silicon  tetrachloride  on,  453. 
Phenylbromotrimethylene-\//-thiourea, 

«-,  550. 
Phenyldimethylthiourea,  539. 
Phenyl-jS-naphthvlsemithiooarbazide, 

1020. 
Phenylparafcolylsemithiocarbazide, 

1014. 
Phenylpropionic   acid,   formation    of    a 

hydrocarbon,     CigHi-,,   from,    Pboc, 

1892,  107. 
Phenylpyrazolonecarboxylic  acid 

[1:5:  4],  797,  799. 
Phenylthiocarbimide,     action      of     di- 

melhylanilino  on,  538. 

and  chloral  aiimonia,  529. 

compound  of,   with   aldeliyde-ara- 

monia,  action  of  silver  nitrate  oa  the, 

518. 
Phenylthiocarbimide  -  aldehyde  -  am- 
monia^ 521. 
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Pliotometry,  colour-,  Proc,  1891,  150. 

Picoline,  dichloro-,  725. 

Pimelic  acid,  dissociation  constant  of, 
700. 

Platinous  chloride,  445. 

use  of,  as  a  source  of  chlor- 
ine, 445. 

Platinum,  lowering  of  the  freezing 
point  of  bismuth  by,  896. 

lowering  of  the  freezing  point  of 

cadmium  by,  901. 

lowering  of  the  freezing  point  of 

lead  by,  909. 

tetrachloride,  anhydrous,  422. 

Polythionates,  Proc,  1892,  91. 

Potassium  acetate  solutions,  electrolysis 
of,  10. 

bromide,  action  of  sulphuric  acid 

on,  95,  101. 

chlorate  and  iodine,  inter- 
action of,  925. 

imidosulphonates,  952. 

sodium  hydrogen  imidosulphonate 

nitrate,  964.. 

Potatoes,  cooked,  composition  of,  227. 

Propylene  bromide,  action  of,  on  the 
sodium  derivatives  of  ethyl  aceto- 
acetate  and  ethyl  benzoylacetate,  67. 

Pseudo-solution,  148. 

Pyridine-derivatives,  preparation  of, 
from  the  lactone  of  triacetic  acid, 
721. 

Pyruvic  acid  hydrazones,  786. 

magnetic   rotation   of,    807, 

836. 


Quinindole-a-carboxylic  acid,  ana-,  787. 

Quinine  salts,  appearance  of  fluor- 
escence in,  789. 

Quinol,  chlorotribromo-,  592. 

metachlorobromo-,  562. 

metadibromo-,  562. 

r-  metadichlorobromo-,  567. 

metadichlorodibromo-,  579. 

paradichlorobromo-,  565. 

trichlorobromo-,  593. 

Quinoline,  amido-,  785. 

nitration  of,  782. 

Quinoline-derivatives,  appearance  of 
colour  in,  789. 

Quinolinehydrazine,  ana-,  784-. 

Quinolines,  hydrazines  of,  782. 

Quinolinesemicai'bazide,  ana-,  786. 

Quinolmetachlorobromo-,  chlorinatiou 
of,  578. 

Quinone,  chlorotribromo-,  590. 

baJogen  derivatives  of,  558,  589. 

isomeric   change   in    the   halogen 

derivatives  of,  558. 


Quinone,  metachlorobromo-,  562. 

metadibromo-,  561. 

metadichloro-,  559. 

bromination  of,  576,  580. 

metadichlorobromo-,  566, 

metadichlorodibromo-,  578. 

paradichloro-,  558. 

bromination  of,  572. 

paradichlorobromo-,  563. 

paradichlorodibromo-,  572. 

trichlorobromo-,  592. 


R. 


Kadish,  cooked,  composition  of,  227. 
Kefraetive    power    of    certain    organic 

compounds  at  different  temperatures, 

287. 
Eesins  of  Ficus  ruhiginosa  and  F.  macro- 

phylla,  916. 
Ehamnose  from  frangulin,  7. 
Rings,  closed,  nomenclature  of,  Proc, 

1892, 127. 
Rotation,  magnetic,  of   dissolved  salts, 

Proc,  1892,  12. 


S. 


Salsify,  cooked,  composition  of,  227. 
Salt  solutions,  boiling,  detei'mination  of 

the  temperature  of  the  steam  arising 

from,  495, 
Salts,    dissolved,   magnetic  rotation  of, 

Proc,  1892,  12. 
Scarlet  runners,  cooked,  composition  of, 

227. 
Sea-kale,  cooked,  composition  of,  227. 
Semithiocarbazides,  di-substituted,  1012. 
SiJicic  acid,  colloidal  solutions  of,  154. 
Silicon  compounds,  453. 
tetrachloride,  action  of,  on  substi- 
tuted phenylamines,  453. 
Silver  acetylide,  Proc,  1892,  109. 

chloride,  action  of  light  on,  728. 

— —  hydrosulphide,  132. 

imidosulphonates,  974. 

lowering  of  the  freezing  point  of 

bismuth  by.  895. 
lowering  of  the  freezing  point  of 

cadmium  by,  900. 
lowering  of  the  freezing  point  of 

lead  by,  907. 
salts,  compounds  of  thiourea  with, 

249. 
Silver-cadmium  alloy,  analysis  of,  913. 
Slag,  estimation   of,    in   wrought   iron, 

551. 
Sodium    ammonium     imidosulphonate, 

961. 
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Sodium  bromide,  action  of  sulpliuric 
acid  on,  101,  J  02. 

chloi'ide,     measurement     of      the 

vapour  pressures  of  solutions  of, 
773. 

imidosulphonates,  954. 

—^ lowering  of  the  freezing  point  of 

bismuth  when  alloyed  with,  892. 

lowering  of  the  freezing  point  of 

cadmium  by,  897. 

lowering  of  the  freezing  point  of 

lead  by,  904. 

sulphate,  boiling  point  of  a  solu- 
tion of,  Peoc,  1892,  94. 

thiostilphate,  change  proceeding  in 

an  acidified  solution  of,  where  the  pro- 
ducts of  cliange  are  retained  in  the 
system,  176. 

Solution  and  pseudo-solution,  148. 

and  suspension,  connection  be- 
tween, 151,  165. 

Solutions,  a  new  property  of  certain, 
160. 

colloidal,  pedetic  motion  in  rela- 
tion to,  Proc,  1892,  17. 

measurement  of  the  vapour  pres- 
sures oF,  769. 

of  some  metallic  chlorides,  physical 

properties  of,  339. 

saline,      temperature      of      steam 

arising  from,  495.  ' 

Specific  rotatory  power  of  invert  sugar 
and  of  dextrose  obtained  from  cane 
sugar  by  means  of  invertase,  408. 

Spinach,  cooked,  composition  of,  227. 

Starch,  colloidal  solutions  of,  156. 

Steam  arising  from  boiling  salt  solutions, 
temperature  of,  495. 

Sugar,  invert,  specific  rotatory  power 
and  cupric  reducing  power  of,  408. 

Sulphatammon,  949. 

Sulphide  solutions,  physical  constitution 
of,  137. 

Sulphite  and  thiosulphate,  action  of 
iodine  on  a  mixture  of,  1083. 

Sulplionic  acids,  anhydrides  of,  Peoc, 
1892,  41. 

preparation  of  ethereal  salts 

of,  Proc,  1891,  184. 

chlorides,    action    of    alcohol    on, 

Proc,  1891,  184. 

Sulpliur,  flowers  of,  action  of  sulphur- 
ous acid  on,  199. 

Sulphurous  acid,  action  of,  on  flowers  of 
sulphur,  199. 

Suspension  and  solution,  connection  be- 
tween, 151, 165. 


Temperature,  influence  of,  on  the  refrac- 
tive power  of  certain  organic  com- 
pounds, 287. 

Tetramethylene,  derivatives  of,  36. 

diethyl  glycol,  58. 

ethyl  ketone,  51> 

sodium  hydrogen  sulph- 
ite compound  of,  53. 

ketoximo,  54. 

methyl  ketone,  47. 

ketoxime,  49. 

phenyl  ketone,  59. 

ketoxime,  61. 

Tetramethylenecarboxylic  acid,  bromo-, 
41. 

dissociation  constant  of,  705. 

preparation  of,  40. 

chloride,  preparation  of,  41. 

Tetramethylenedicarboxylic  acid,  a-, 
dissociation  constant  of,  705. 

Tetramethyleneethylcarbinol,  54. 

Tetramethyleneethylcarbinyl  acetate, 
56. 

Tetramethylenemethylcarbinol,  50. 

Tetramethylenephenylcarbinol,  62. 

polymeride  of,  65. 

Tetramethylenepropyl  bromide,  58. 

iodide,  57. 

Thallium,  lowering  of  the  freezing  point 
of  cadmium  by,  903. 

Thallium-lead  alloy,  analyses  of,  914. 

Thiocarbamide,  silver  compounds  of, 
249. 

Thiocarbimides,  compounds  of,  witk 
aldehyde-ammonias,   509. 

Tliiosulphate  and  sulphite,  action  of 
iodine  on  a  mixture  of,  1083. 

Thiosulphuric  acid,  decomposition  of, 
176. 

Thiourea,  action  of  nitrous  acid  on,  525. 

compound  of  silver  bromide  with, 

251. 

-: —  compound  of  silver  chloride  with, 
252. 

compound  of  isilver  cyanide  with, 

253. 

Thiourea,  compound  of  silver  iodide 
with,  252. 

compound  of,  with  aldehyde-am- 
monia, 510. 

compound  of,   with    isovaleralde- 

hyde-ammonia,  513. 

compounds  of  silver  nitrate  with, 

250. 

compounds     of,    with     aldehyde-' 

ammonias,  509. 

— —  silver  com}X)unds  of,  249. 

Thioureas,  Proc,  1892,  96. 
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Thioureas,  substituted,  isomerism 
amongst  the,  536. 

Thymol,  refractive  power  of,  at  dif- 
ferent temperatures,  305. 

Tin,  antimony,  and  arsenic,  separation 
of,  424. 

— —  lowering  of  the  freezing  point  of 
bismuth  by,  896. 

— —  lowering  of  the  freezing  point  of 
cadmium  by,  901. 

■ lowering  of  the  freezing  point  of 

lead  by,  908. 

Toluene,  bromination  of,  1025. 

interaction  of  bromine  and,  1023. 

-  1:2:  5-dichloro-,  sulphoiiationof, 
1050. 

— —  1:3:  4-dichloro-,8ulphonationof, 

1060. 
— —  metachloro-,  sulphonation  of,  1075. 

orthobromo-,  bromination  of,  1031. 

orthochloro-,      sulphonation      of, 

1072. 

parabromo-,  bromination  of,  1032. 

— —  paracliloro-,  sulphonation  of,  1078. 
— —  refractive  power    of,    at    different 

temperatures,  297. 

1:3:4:  5.trichloro-,  1070. 

Toluenemetasul  phonic  acid,  ortliometa- 

dibromo  ,  1038. 
Tolueneparasulphonic  acid,  bromination 

of  the  potasf-ium  salts  of,  1027. 
Toluenes,  ortho-  and  para-bromo-,  pre- 
paration and  properties  of,  1026, 1027. 
Toluenesulphonic  acid,l :  2  :  5-dichloro-, 

derivatives  of,  1051. 
■ 1:3:  4dichloro-,  derivatives 

of,  1061. 

hydrolysis  of,  1068. 

metachloro-,  1075. 

ortho-,  1:2:  5-orthobromo-, 

1041. 

1:2:  5-orthochloro-, 

1010. 

•         orthochloro-,  1072. 

acids,  mono-,  di-,  and  tri-cliloro-, 

1042. 
acids,    ortho-     and     paia-bromo-, 

1023. 

parachloro-,  1078. 

Toluidine,    ortho-,    cliloro-,  conversion 

of,  into  chlorotoluene,  1047. 
• conversion  of,  into  di- 

chlorotoluene,  1049. 
Toluidine,  para-,  chloro-,  conversion  of, 

into     chloro-    and    dichloro  toluene, 

1058,  1059. 
Toluidinemetasulphonic     acid,     ortho-, 

metabrom-,  1037. 
Toluidinesuljihonic  acid,  ortho-,  consti- 
tution of  INevile  and  Winther's,  1036. 


Tolylorthotolylsemithiocarbazide,  para-, 
1016. 

ToVlparatolylsemithiocarbazide,  ortho-, 
1015. 

Tolylphenylsemithiocarbazide,  para-, 
1013. 

Toly  1  tl  liocarb  imide  -  aldehyde  -  amni  o  n  ia, 
ortho-,  520. 

Tomato,  cooked,  composition  of,  227. 

Triacetic  acid,  lactone  of,  preparation  of 
pyridine  derivatives  from,  721. 

Triammonium  imidosulphonate,  anhydr- 
ous, 949. 

hydrated.  948. 

Triargentic  imidosulphonate,  974. 

Tricarballylic  acid,  dissociation  constant 
of,  707.  _ 

Trisodium  imidosulphonate,  958. 

Tritliionate,  formation  of,  by  tlie  action 
of  iodine  on  a  mixture  of  sulphite  and 
thiosulphate,  PfiOC,  1892,  91. 

Turnips,  cooked,  composition  of,  227. 


V. 


Vapour  pressure  of  solution?,  measure- 
ment of,  769. 

Vegetable  marrow,  cooked,  composition 
of,  227. 

Vegetables,  cooked,  composition  of, 
226. 

Velocities,  relative,  of  the  action  of 
iodine  on  a  mixture  of  sulphite  and 
thiosulphate,  1086. 

Volumeter,  gas-,  Pkoc,  1891,  171. 


w. 

Water,  estimation  of  oxygen  dissolved 

in,  310. 
refractive   power  of,  at    different 

temperatures,  293. 
Water  gas,    action  of,   on   iron,   Proc., 

1891.  126. 


X. 


Xylenesulphonic    acids,   meta-,    Peoc, 
1891,  189. 


Y. 


Yeast,  hydrolytic  functions  of,  593, 
926. 

velocity  of  the  hydrolytic  action 

of,  928. 

Yeast-cells,  effects  of  varying  environ- 
ment on,  369. 
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Zinc,  hydrosulphide,  130. 

lowering  of  the  freezing  point  of 

bismuth  bj,  893. 


Zinc,  lowering  of  the  freezing  point  of 

cadmium  by,  899. 
lowering  of  the  freezing  point  of 

lead  by,  905. 
mercuric  cyanide,  666. 


ERRATA. 
Vol.  LXI  (Trans.,  1892). 


Page         Line 

390  11*  for  "C33H45NO„,HAuCl4"rca<f"C35H«NO,-,HAuCl4." 

391  3       „     "  C33H45NO11  "  read  "  C33H45N612." 

631  16       ,,     "  thiocarbamidcB "  read  "  thioearbimides." 

„  18       „     *'  thiocarbamide "  read  "  thiocarbimide." 

568  3*  foot-note,  for  "  and  found  from  his  "  read  "  and  found  that  his." 

570  9    for    "  metadichlorobromoquinone "     read     "  metadichlorodibromo- 

quinone." 
614  25       „      "  bromide "  rea(f  "  bromine." 

617  foot-note,  in  the  last  two  symbol?  replace  the  double  lines  in  the 

vertical  sides  of  the  hexagons  by  single  lines. 

618  11*  replace  the  "  OH  "  at  the  bottom  angle  of  the  hexagon  by  "  CO." 

^2 

619  7*  foot-note, /or  "CioH:4'{  CHn^^jj^^,,  rcarf 


fOa 

Lo- 

rOj 
"  C,oH4    CH^CHaCjHj, 


CO 

/\/\cx 

621  bottom  line,  foot-note, /or  "  ^^  read 

CO 

CO 


n 


CO 

625  8    at  bottom  of  hexagon,  for  "  CO-OCjHsO  "  read  "  COCsH.O." 

631  17    for  "  sp.  gr.  110"  read  "  sp.  gr.  120." 

638  14     omit  "  (Patern6)." 
639] 

646  \  In  all  the  formulae  for  "  ai"  read  "  «." 

647  J 

684  11    for  "  mercuric  xinc  cyanide  "  read  "  mercuric  potassium  cyanide." 

912  18*     „   "  determined  by  crystallisation  "  read  "  determined  by  cupella- 

tion." 
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